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Chapter 1

From an early age, 11-year-old Lucas was known for his intense emotional reactions. As a 
toddler, he frequently had meltdowns over minor frustrations, like being unable to fit a toy in 
a box or having to stop playing for a meal. His parents initially attributed these outbursts to 
the “terrible twos,” but as he grew older, his extreme reactions persisted. Despite these early 
signs of high emotional reactivity, Lucas’s parents were initially reluctant to seek help, hoping 
he would “grow out of it.” However, as he progressed through the first few years of elementary 
school, the combination of his intense emotionality and increasingly disruptive behavior began 
to take a toll on his academic performance and social development. Lucas’s case illustrates 
the role of temperamental negative emotionality, perhaps even a genetic liability towards 
disruptive behavior, in the development of disruptive behavior over time.

Disruptive behavior in children is characterized by disobedience, verbal and physical 
aggression, oppositional behavior, and an irritable mood state. While the onset of disruptive 
behavior can start at an early age (Scaramella & Leve, 2004) and is part of normative 
development, it usually decreases with age (Olsen et al., 2017). However, if the disruptive 
behavior persists or worsens over time, it can cascade into more serious developmental 
difficulties and psychopathology (Moffit et al., 2011). Therefore, it is important to intervene early 
in life. In order to do so effectively, we need to understand the factors that contribute to the 
development and maintenance of disruptive behavior. The current dissertation aims to make 
a contribution to identifying these factors. Specifically, I examine several key factors that have 
been empirically linked to the development of children’s disruptive behavior. In particular the 
parenting environment and children’s temperament and biological (i.e., genetic) make-up.

(Early) Disruptive Behavior and its Consequences

Early childhood, when infants transition to toddlerhood, is marked by rapid physical, cognitive, 
motor, and emotional growth (Ainsfeld, 1984; Jennings, 1991). Children develop more mobile 
and willful behavior, while still not being fully able to regulate their emotions. Additionally, 
early childhood is also marked by increases in children’s noncompliance and episodes of 
undirected anger (Scaramella & Leve, 2004). A common phenomenon in this life period is 
temper tantrums, which are extreme episodes of frustration and anger, including shouting, 
screaming, crying, falling to the ground, flailing extremities, hitting, kicking, throwing items, 
and engaging in breath-holding spells (Potegal & Davidson, 2003). Even though temper 
tantrums are generally believed to be a normal phenomenon that naturally fades as children 
grow, tantrums are also considered potential warning signs for later disruptive behavior 
problems (Achenbach & Rescorla, 2000; Goodman, 1997). It has been found that more 
frequent tantrums predict more externalizing problems, and especially the level of aggressive 
behavior during tantrums predicts later adjustment problems in preschool (Van den Akker et 
al., 2022). Furthermore, longitudinal studies demonstrate that children who manifest behavior 
problems at preschool age have an increased risk of continuing and worsening behavior 
problems in middle childhood (Campbell, 1995; Campbell et al., 2000; Moilanen et al., 2010). 
More specifically, when children show aggressive, oppositional and disobedient behavior, 
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this can cascade into persistent patterns of serious antisocial behavior in adolescence and 
young adulthood, including delinquency, substance abuse and risk for clinical diagnosis of 
externalizing disorders (Rivenbark et al., 2018; Caspi et al., 2020). Taken together, this shows 
that it is important to learn more about early markers of disruptive behavior in (early) childhood.

Parenting and Disruptive Behavior

Extensive evidence supports the notion that parenting is a key factor in the development 
of disruptive behavior (Pinquart, 2017). Several central parenting dimensions are usually 
distinguished in the literature. Firstly, warm and responsive parenting is defined as being 
accepting, nurturing, supportive, sensitive, and warm while low levels of warm and responsive 
parenting indicate insensitive, unresponsive, and rejecting parental behavior (i.e., harsh 
parenting). This dimension can be linked to the attachment theory (Bowlby, 1969), as the theory 
posits that young children need to form a close relationship with their primary caregiver(s) to 
ensure they can develop healthy social and emotional functioning. Next, parental control is 
an important parenting dimension and can be linked to the social learning theory (Bandura, 
1977), as the theory posits that learning (i.e., child behavior) occurs through observation, 
imitation, and modelling. It can be divided into behavioral control, in which parents use clear 
communication and consistent expectations for appropriate behavior and monitor the child’s 
behavior related to these expectations, and harsh control, which involves physical or verbal 
punishment and intrusiveness. Relatedly, psychological control is defined as parental attempts 
to manipulate their children’s psychological experiences by using guilt or shame induction and 
conditional love to steer the child’s behavior (Power, 2013; Pinquart, 2017).

A meta-analysis on the associations between parenting dimensions and externalizing 
problems in children and adolescents shows that harsh and psychological control are 
associated with more externalizing problems. In contrast, parental warmth and behavioral 
control predict declines in externalizing problems over time (Pinquart, 2017). Another meta-
analysis on parenting dimensions and the associations with prosocial behavior showed 
that warm and positive control predict higher prosocial behavior, whereas harsh parenting 
predicted less prosocial behavior in children (Van der Storm et al., 2022). Finally, a meta-
analysis on parenting dimensions (i.e., parental support, psychological control, and behavioral 
control) and delinquency showed that rejection, hostility, neglect and psychological control 
show a strong link to delinquency (Hoeve et al., 2009). However, parenting behavior alone 
does not explain why some children develop (more severe) disruptive behavior and others 
do not.

1
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Temperament, Parenting and Disruptive Behavior

Another influential factor in the development of disruptive behavior is a child’s ability to learn 
how to regulate their emotional responses and related behaviors (Morris et al., 2007). In part, 
this regulation ability is related to children’s temperament. Child temperament, defined as 
“constitutionally based individual differences in reactivity and self-regulation, in the domains of 
emotionality, activity and attention” (Rothbart & Bates, 2006, p. 100), is usually identified with 
three different dimensions: negative emotionality, surgency, and effortful control (Caspi et al., 
2005). Negative emotionality entails the tendency to be easily distressed, which encompasses 
emotions of fear, worry, sadness, discomfort, anger, frustration, and irritability (Putnam et al., 
2002). Children high in surgency are easily and actively involved with their environment. They 
have the tendency to approach novelty, to enjoy intense activities, and to be sociable, active, 
and impulsive (Putnam et al., 2002). Effortful control can be defined as the capacity to inhibit 
a certain response, being able to direct attention, and to regulate emotions and behaviors 
(Rothbart & Bates, 2006). Of these three dimensions, negative emotionality is most frequently 
regarded as the core component of a difficult temperament (Paulussen-Hoogeboom et al., 
2007) and especially during the first years of life, negative emotionality is considered a crucial 
factor in the development of disruptive behavior, as children high in negative emotionality 
are generally more likely to show disruptive behavior later on (Prinzie et al., 2010; van den 
Akker et al., 2010).

Parents play an important role in the development of emotion regulation (Wesarg-Menzel et 
al., 2023; Kiel & Kalomiris, 2015). A theoretical framework supporting this notion is the tripartite 
model (Morris et al., 2017). According to this model, parents influence their child’s emotion 
regulation in several ways: through modelling their own emotion regulation strategies (e.g., 
modelling, social referencing), through emotion-related parenting (e.g., emotion coaching), 
and creating a warm and supportive emotional climate within the family (e.g., attachment, 
parenting style) (Morris et al., 2017). When parents struggle to regulate their own emotions, this 
can hinder their parenting behavior, resulting in harsh and unsupportive parenting, affecting 
the child’s emotion regulation and behavior in turn (Morelen et al., 2016). In contrast, when 
parents are capable of guiding their child through intense emotional states, the child develops 
healthy psychological and physiological emotion regulation strategies (Zeegers et al., 2018).

Besides the direct influence parenting has in the development of emotion regulation 
in children, it also has an indirect effect via physiological stress reactivity and related 
bio-regulatory processes (Beauchaine, 2015). Studies have shown that a stressful family 
environment (e.g., harsh and unsupportive parenting) can dysregulate children’s stress 
system (Oshri et al., 2020). When children’s stress response system is repeatedly triggered, 
the system will become continuously overactivated, and children will develop a chronically 
upregulated stress reactivity and lowered self-regulatory capacity (Beauchaine, 2015; Wesarg 
et al., 2022). While parenting, negative emotionality and stress reactivity are often seen as 
independent contributors to the development of disruptive behavior, there is also evidence 
that there is a mediational path from harsh and unsupportive parenting to more disruptive 
behavior via an increase in negative emotionality and/or stress reactivity (Kiff et al., 2011; 
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Klein et al., 2018; Manzoni et al., 2020). However, there is a remarkable scarcity of longitudinal 
studies that combine parent-report and child physiological data to study these relations, 
especially in early-life family situations. Studying such early-life family situations is important, 
as early childhood is marked by especially rapid physical, motor, cognitive, and emotional 
regulatory growth (Ainsfeld, 1984; Jennings, 1991). Therefore, I examined whether parenting 
and disruptive behavior is mediated by negative emotionality and stress reactivity during this 
early childhood phase.

While parenting plays an important role in influencing children’s emotional and behavioral 
adjustment, it is not one-sided and involves reciprocal engagement between the parent 
and child. Children elicit different responses in parenting behavior as their temperamental 
characteristics make children relatively more or less challenging to parent (Kiff et al., 2011). 
Children high in negative emotionality are likely to be more challenging for their parents to 
manage than less negative children. Frustrated by their children‘s difficult temperament, some 
parents may alter their parenting behavior by engaging in harsher and more inconsistent and 
negative control, or decreased positive parenting (e.g., lower warmth, support, sensitivity, 
and responsiveness) (Karreman et al., 2010; Taraban & Shaw, 2018). When parents respond to 
aversive and noncompliant child behavior with harsh parenting, the child‘s behavior is actually 
strengthened. Likewise, when parents respond to their child by employing harsh and punitive 
parenting, the parent’s behavior may be reinforced too, if it results in the child ceasing the 
disruptive behavior (Patterson, 1982).

 Results from studies investigating a longitudinal model in which child temperament 
predicts parenting behavior, and, consequently, disruptive behavior have so far been mixed. 
Whereas some studies showed that specific parenting behavior (e.g., power-assertive 
control; Kim & Kochanska, 2021, punitive parenting; Ezpeleta et al., 2019) or parenting styles 
(e.g., authoritative parenting; Paulussen-Hoogeboom et al., 2008) mediate the relationship 
between difficult temperament and disruptive behavior in children, other studies did not find 
support for such a developmental cascade (Karreman et al., 2010; Padilla et al., 2020). The 
inconsistent findings might be explained by factors that moderate the relationship between 
child temperament, parenting, and disruptive child behavior, such as the broader caregiving 
environment (Crockenberg, 1986). One main characteristic here concerns the family‘s socio-
economic status (SES). According to the Family Stress Model, economic hardship increases 
parental stress and strains relationships within families, and these factors disrupt the use 
of effective parenting strategies (Masarik & Conger, 2017). A recent study showed that SES 
moderated the developmental cascade from children‘s difficult temperament to disruptive 
behavior. The results indicated that a longitudinal path from unmanageable child temperament 
to parental power-assertive control to behavior problems was only present in low SES families 
but not in high SES families (Kim & Kochanska, 2021). The authors note, however, that their 
study included few children with elevated levels of disruptive behavior and only used parent 
reports of disruptive behavior. In order to increase the generalizability of the study‘s results, 
the findings should thus be replicated using observational measures in at-risk family samples 
with more disruptive child behavior. Within this dissertation, I sought to perform such a 
replication study by examining whether children’s negative emotionality indirectly affects 

1
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disruptive behavior through harsh and supportive parenting behavior and by testing whether 
this developmental cascade varies over family socioeconomic status using questionnaires 
and observational measures.

Differences in Susceptibility to Parenting Influences

Besides the mediational pathways, as described above, there is also a long history of research 
showing that children differ in how (strongly) they respond to their (parenting) environment, 
implying moderation effects. It is suggested that children do not respond the same way to 
their (parenting) environment due to individual differences, such as temperament (Belsky 
& Pluess, 2009). In fact, several theoretical models put forward this view. For example, the 
differential susceptibility theory (Belsky, 1997) argues that some children are more susceptible, 
for better or for worse, to their environment than others. Thus, when the parenting context is 
negative, these children may suffer more, but when the parenting context improves, they are 
more likely to benefit than children without this susceptibility (Belsky et al., 2007; Ellis et al., 
2011). Relatedly, Sensory Processing Sensitivity (SPS) is conceptualized as a biologically based 
temperament trait characterized by a greater awareness of subtle stimuli, deeper cognitive 
stimuli, overstimulation, and higher emotional reactivity (Aron & Aron, 1997). Children who 
scored higher on SPS were found to have less behavioral problems and better socio-emotional 
well-being in response to supportive conditions. In a harsh environment, however, these 
children showed more problems compared to children without this sensitivity (Li et al., 2021).

Besides the differential susceptibility model, several other theoretical models relate to 
the possibility that child temperament may act as a moderator in the relationship between 
parenting and children’s disruptive behavior. Specifically, the dual-risk or diathesis-stress 
model holds that children have specific characteristics that make them disproportionately 
vulnerable to stressors in their environment (including poor-quality parenting), leading to 
psychopathology in the child when these stressors are present (Monroe & Simons, 1991). 
Yet another theoretical model, the vantage sensitivity model, states that some children are 
more sensitive and positively responsive to environmental advantages while others are 
not. These advantages may take the form of security of attachment derived from sensitive 
parenting, academic achievement resulting from high-quality childcare, prosocial behavior 
due to a supportive friendship network, and life satisfaction through positive life experiences 
(Pluess & Belsky, 2013). Even though there is consensus that some interplay between individual 
characteristics and environment exists, empirical evidence is mixed concerning which of these 
theories has the most convincing evidence (e.g. Slagt et al., 2016; Bakermans-Kranenburg & 
Van IJzendoorn, 2011).

For instance, a meta-analysis with longitudinal (and a few experimental) studies tested 
three theoretical models (differential susceptibility, diathesis-stress, and vantage sensitivity) 
to see whether children vary in sensitivity to parenting due to temperamental differences 
(Slagt et al., 2016). Results from the meta-analysis showed some support for the differential 
susceptibility theory: Children with a more difficult temperament and children with higher 
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negative emotionality were more vulnerable to negative parenting but also benefited more 
from positive parenting compared to children with an easier temperament or lower negative 
emotionality (Slagt et al. 2016). However, this was not the case for the two other specific traits 
(surgency and effortful control). For surgency, some evidence supported the diathesis-stress 
model, although the authors noted that more studies are necessary to replicate this finding. 
Results for effortful control did not fit any of the models. Important to note is that most studies 
were cross-sectional, making it challenging to draw conclusions about the causal role of child 
temperament traits in the associations between parenting and disruptive behavior. Therefore, 
experimental studies are necessary to see if there are causal relations between variables and 
to control alternative explanations (van IJzendoorn & Bakermans-Kranenburg, 2012). In this 
dissertation, I tested the moderating role of child temperament (i.e., negative emotionality, 
effortful control, and surgency) on the relation between a parenting intervention and child 
disruptive behavior within a randomized controlled trial.

Intervention-Induced Temperament Changes

While temperament has a long history of being considered a relatively stable construct, 
predicting later child adjustment (Caspi, 2000), it has also become clear that temperament 
and personality can change over time under the influence of specific life experiences, such as 
interaction patterns that occur over the course of relationships and stressful life events (van 
Aken et al., 2006; Shiner et al., 2017). However, research has also shown that temperament can 
change through parenting (Klein et al., 2018; van den Akker et al., 2010, 2014). For instance, 
more harsh parenting is related to increases in negative emotionality in children. Also, more 
parental control, specifically psychological control, is related to more negative reactivity across 
childhood. Concerning effortful control, a review by Kiff et al. (2011) showed that parental 
responsiveness, consistency, and warmth in early childhood predicted higher effortful control, 
but only in infancy and preschool years. Finally, impulsivity, as a part of surgency, appears 
to improve when parenting is clear, consistent, and nonpunitive (Kiff et al., 2011). When we 
translate this knowledge to parenting interventions, we would expect that an effective 
parenting intervention might be able to not only decrease disruptive behavior, but also change 
the child’s temperament. If this is true, the course of specific temperament characteristics and, 
subsequently, child adjustment problems later in life can potentially be altered. There are some 
studies supporting this idea (Kennedy et al., 2009; Somech & Elizur, 2012; Klein et al., 2018). 
However, it must be noted that these studies targeted different child problem behaviors (e.g., 
anxiety and conduct problems). To be able to determine whether disruptive behavior can 
change with temperament after a parenting intervention, more randomized controlled trial 
(RCT) research appears necessary. I, therefore, tested the following hypothesis: an effective 
parenting intervention decreases children’s disruptive behavior, simultaneously with child 
temperament.

1
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Genetic Modulation of Parenting Intervention Effects

Finally, in the quest to understand individual temperamental differences, temperament theories 
suggest that individual differences have a genetic foundation. For instance, Buss and Plomin 
(1975; 1984) proposed a behavior genetic-oriented model of temperament, in which they 
suggest that temperament traits have an early onset and are inherited, evolutionary adaptive 
traits that are predictive of later behaviors in adulthood. Consistent with these theories, most 
temperament dimensions have demonstrated moderate genetic influences (Saudino, 2005). 
Since there is increasing evidence that (parenting) environment and genetics work together 
in children’s development and behavior, this interplay has been studied widely. Initially, 
single-candidate genes were studied, with results showing that specific genes (e.g. DAT1, 
DRD2, DRD4, 5HTTLPR, and MAOA) influenced dopamine and serotonin regulation and the 
degradation of specific enzymes, which contribute to individual differences in reactivity to the 
environment. Several other studies showed that these genes could modulate the effect of both 
negative and positive parenting contexts on children’s pathological and prosocial behavior 
(Bakermans-Kranenburg & Van IJzendoorn, 2011; Karg et al., 2011; Byrd & Manuck, 2014). 
However, there was also criticism that the candidate gene models were overly simplistic, and 
lacked the ability to explain biological pathways underlying genetic influences on behavior, 
and that replicability was an issue (Dick et al., 2015; Elam et al., 2019).

A more recent strategy for creating a sound polygenetic measure is to use genome-wide 
association studies (GWAS) from which polygenic scores can be derived. In a GWAS, millions of 
regression models test for associations between genetic variants and phenotypes. The result 
of a GWAS shows the association of each individual SNP (i.e., Single Nucleotide Polymorphism, 
which is a variation at a single position in a DNA sequence) with a particular phenotype (Mills 
et al., 2020). The polygenic score (PGS) is a numeric summary of the relation between multiple 
genetic loci and a phenotype. It is calculated as a weighted sum of trait-associated alleles, 
which reflects an individual’s genetic predisposition towards a specific trait (i.e., a higher score 
represents a higher chance of a specific trait) (Mills et al., 2020). Several consortia have now 
been successful in creating PGSs relevant to the study of disruptive behavior (e.g., antisocial 
behavior by Tielbeek et al., 2017, aggression by Pappa et al., 2016, and educational attainment 
by Okbay et al., 2016).

Thus far, however, only a few experimental studies with GWASs and polygenic scores 
in which parenting interventions were included have been conducted. For instance, a study 
on the Family Check-Up (FCU) found an interaction effect involving a PGS on aggression: 
Among children with a low PGS, those children in the FCU or control group did not differ in 
their trajectories of conduct problems over time. However, children with a high PGS were more 
likely to show fewer conduct problems over time if they were in the FCU group, whereas the 
children in the control group were more likely to stay high in conduct problems over time (Shaw 
et al., 2019). A second study on the Video-feedback Intervention to promote Positive Parenting 
(VIPP-SD) (Juffer et al., 2017) found that a differential susceptibility PGS (Keers et al., 2016) did 
not moderate the intervention effect (Runze et al., 2022). Results are thus mixed, with some 
studies finding evidence for a gene-environment interaction while others did not. Furthermore, 
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none of the studies has until now used a PGS specifically on (aspects of) disruptive behavior, 
while disruptive behavior in childhood can be a forerunner of psychopathology later in life 
when left untreated (Caspi et al., 2020; Hofstra et al., 2002).

In part, the different outcomes in intervention effectiveness can potentially be explained 
by a child’s genetic predisposition for disruptive behavior. That is, children with a genetic 
predisposition for disruptive behavior show disruptive behavior more often and with higher 
intensity (Moffitt, 2003; Nikitopoulos et al., 2014; Tuvblad & Baker, 2011), and this may relate 
to the issue of how effective or swift any parenting intervention leads to changes in disruptive 
child behavior. A higher genetic liability for disruptive behavior might be grounded in, or largely 
overlapping with, a genetic susceptibility index. The development of disruptive behavior is then 
explained by children’s higher differential susceptibility to signals of reward and punishment in 
the parenting context, and this explains children’s stronger reductions in disruptive behavior as 
a consequence of a parenting intervention (Bakermans-Kranenburg & van IJzendoorn, 2015). 
However, a contrasting hypothesis may also hold true. A strong genetic liability for disruptive 
behavior might limit the susceptibility to behavioral change in children through a parenting 
intervention. The biological, innate drive towards acting out, oppositional and defiant behavior 
and impulsivity would trump any contextual improvements in, for instance, parenting (Plomin 
et al., 2022). To test these ideas, more experimental studies are necessary. I tested whether 
children’s genetic makeup influenced the efficacy of a parenting program using data from a 
randomized controlled trial.

The Present Dissertation

Taken together, this dissertation features a set of studies that will investigate the interrelations 
between child temperament, parenting, and child disruptive behavior from different angles 
(see Figure 1), with two main aims. The first aim is to investigate the longitudinal interrelations 
between parenting, temperament and stress reactivity, and disruptive behavior in depth, while 
also taking families’ socioeconomic status into account. The second aim is to examine whether 
differences in how children respond to an improved parenting context, via a known effective 
parenting intervention, are temperamental and/or genetic of nature. More specifically, the 
following main hypotheses guided the work presented in this dissertation:
1.	 The longitudinal association between parenting (harsh and unsupportive parenting and 

warm and supportive parenting) and child disruptive behavior in toddlerhood is mediated 
by children’s negative emotionality and stress reactivity.

1A) Harsh and unsupportive parenting leads to more disruptive behavior over time 
via higher negative emotionality in children and higher levels of stress reactivity,

1B) Warm and supportive parenting will lead to less disruptive behavior over time via 
less negative emotionality in children and lower levels of stress reactivity.

2.	 Parenting (harsh and unsupportive parenting and warm and supportive parenting) 
mediates the effect of children’s negative emotionality on disruptive behavior, and this 
effect varies by family socioeconomic status.

1
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2A) High negative emotionality in children elicits more dysfunctional and less supportive 
parenting, which in turn predicts elevated levels of disruptive child behavior over time

2B) These relationships are stronger for families of low socioeconomic status.
3.	 Child temperament (i.e., negative emotionality, effortful control, and surgency) is related 

to parenting intervention effects on children’s disruptive behavior. Here, two opposing 
hypotheses were pitted against each other:

3A) A decrease in disruptive behavior differs for children with various temperament 
dimensions: children high in negative emotionality and surgency and/or low 
in effortful control may reap more benefit from the intervention and thus show 
a stronger decrease in disruptive behavior compared to children without these 
characteristics.

3B) An effective parenting intervention decreases children’s disruptive behavior 
simultaneously with affecting child temperament (i.e., a decrease in negative 
emotionality and an increase in effortful control,  surgency was tested exploratory)

4.	 Children’s genetic liability towards disruptive behavior moderates the parenting 
intervention effect on children’s disruptive behavior. Here, too, two opposing hypotheses 
were investigated:

4A) Children with a higher genetic liability for disruptive behavior benefit more from the 
parenting program Incredible Years (IY), thus showing a greater decrease in disruptive 
behavior compared to children with a lower genetic liability for disruptive behavior.

4B) Children with a higher genetic liability for disruptive behavior benefit less from 
the parenting program IY, thus showing a weaker decrease in disruptive behavior 
compared to children with a lower genetic liability of disruptive behavior.

Datasets used in the Present Dissertation

 JEOPARDY

The first hypothesis was examined using data from three measurement waves of the 
multi-method longitudinal study: Joint (Epi)genetics Of Parenting And Stress-Reactivity in 
the Development of Youth (i.e., JEOPARDY; Overbeek et al., 2020), using questionnaires, 
observation, and behavioral tasks, physiological stress measurements, and DNA and 
methylation assessments. The sample consisted of 72 families with parents (mostly mothers; 
88.9%) and their toddlers (51.4% were girls) between 12 and 16 months old at the first 
measurement wave (Mage = 14.68, SD = 2.12). The families were mostly Dutch (73.6%). Twenty-
one percent were from other countries, such as USA, Germany and Turkey. The parents were 
mostly (55.6%) married or had a registered partnership (36.1% had a relationship and 5.6% 
were single). Furthermore, most of the parents had completed a university-level educational 
degree (66.7%), around a third had a higher vocational educational degree (29.2%), and a few 
had completed a high school or middle vocational educational degree (2.8%). Nearly all parents 
were employed (91.7%) and had a family income of over €3.200 net(t) per month.
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ORCHIDS

To answer hypotheses 2 through 4, data from the Observational Randomized Controlled Trial 
on Childhood Differential Susceptibility (i.e., ORCHIDS, Chhangur, Weeland et al., 2012) were 
used. The sample consisted of families with children with moderate to high levels of disruptive 
behavior (i.e., scoring at or above the 75th percentile on the Eyberg Child Behavior Inventory, 
Eyberg & Pincus, 1999). Participants in the study were 386 Dutch parent-child dyads. Parents 
(92% mothers) were aged between 23 and 51 years (Mage = 38.09, SD = 4.83) and were mostly 
born in the Netherlands (82%). About half of them (49%) had obtained higher vocational training 
or university degrees. Most of the parents were employed (72%), whereas some were a stay-
at-home parent (13% ), some were unemployed (14% ) and a few were classified as other (1%). 
Parents mainly were either married or living together (88%), while a small percentage were 
single (9%) and a few classified as other (3% ). Children (54% boys) were between 4 and 8 
years of age (Mage = 6.31, SD = 1.32) at the start of the study, and most of them were born in 
the Netherlands (97%).

For the 4th hypothesis, the sample consisted of 281 families. Saliva samples were collected 
for DNA assaying from 385 children of the original sample, and after quality controls, 281 
families were included in the analyses of this study. Sample characteristics were quite similar 
to the original sample.

Outline of the Present Dissertation

In Chapter 2, with JEOPARDY data, I (together with my co-authors) examined whether the 
association between parenting (both harsh and warm parenting) and disruptive behavior in 
toddlers is mediated by negative emotionality and stress reactivity over time (a three-wave 
longitudinal study). In Chapter 3, with the ORCHIDS study, I (together with my co-authors) 
used three-wave longitudinal data from the control arm of the RCT on Incredible Years (IY) to 
examine whether children’s temperament —in terms of their negative emotionality—indirectly 
affects disruptive behavior through parenting and whether this developmental cascade is 
stronger in lower socioeconomic status families. Next, in Chapter 4, also with the ORCHIDS 
study, I (together with my co-authors) tested the moderating role of child temperament in 
parenting intervention effects on child disruptive behavior. In Chapter 5, with the ORCHIDS 
data, I (together with my co-authors) tested if children’s genetic makeup influences the efficacy 
of the parenting program. Finally, in Chapter 6, I summarize and discuss the findings from these 
empirical studies, addressing the most notable strengths and limitations of the studies and 
discuss the implications of the findings for clinical practice and directions for future research.

1
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Chapter 2

Abstract

Harsh and unsupportive parenting is a risk factor for the development of disruptive behavior 
in children. However, little is known about how children’s temperament and stress reactivity 
influence this relation. In a three-wave longitudinal study, we examined whether the 
associations between parenting practices (supportive parenting, positive discipline, and 
harsh discipline) and child disruptive behavior were mediated by child temperament (negative 
emotionality) and stress reactivity (heart rate reactivity). In 72 families (Mage child = 14.6 months), 
parents reported on their parenting practices and their children’s disruptive behavior and 
negative emotionality. Children’s heart rate reactivity was assessed through a series of stress-
inducing tasks. Results from regression-based mediation analyses with bootstrapping showed 
that negative emotionality and stress reactivity did not mediate the relation between parenting 
and disruptive behavior. The results overall demonstrate that in a group of children this age, a 
reinforcing dynamic between parenting, child stress and disruptive behavior is not yet firmly 
established.

Keywords: disruptive behavior; parenting; temperament; stress reactivity; longitudinal
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Introduction

As infants transition to toddlerhood, they develop more mobile and willful behavior, while 
still not being fully able to regulate their emotions. This can lead to disruptive behaviors that 
can be challenging for parents to manage and can also cascade into more serious problem 
behavior. Disruptive behavior in childhood is characterized by disobedience, defiance of 
authority, an angry or irritable mood state, and verbal or physical aggression toward others. 
While disruptive behavior is part of normative development (Scaramella & Leve, 2004) and 
typically decreases with age (Olson et al., 2017), if it persists or worsens over time, it can 
cause pervasive impairments in emotional, social, and academic functioning. Consequently, 
disruptive behavior can increase the risk of later clinical diagnoses of externalizing disorders 
(Caspi et al., 2020). Moreover, early-onset disruptive behavior is associated with increased 
risk of health problems, school drop-out, substance abuse, and delinquency, which carries 
substantial emotional and financial costs to the individual and society (Rivenbark et al., 
2018). Thus, it is important to either reduce or prevent the worsening of children’s disruptive 
behavior as early as possible, ideally during the transition into toddlerhood. Improving our 
understanding of factors and mechanisms that underlie children’s disruptive behavior can 
pave the way for more effective preventive intervention.

To understand the development of child disruptive behavior, it is important to consider its 
key determinants. Parenting practices have been identified as the most important contributor 
to changes in disruptive behavior (Boeldt et al., 2012; Pinquart, 2017). When parents apply 
harsh and physical disciplining strategies (e.g., yelling, hitting, and humiliating) and lack 
parental warmth and sensitivity, the likelihood of disruptive behavior in their children increases 
(Brown et al., 2022; Grasso et al., 2016). In contrast, experiencing warm, supportive, and 
responsive parenting behavior (e.g., seeing the child’s needs, being able to comfort the child, 
and complimenting the child) can prevent or decrease disruptive behavior (Davidov & Grusec, 
2006; van Aar et al., 2017; Waller et al., 2014). However, little is known about what factors 
underlie the link between parenting and children’s disruptive behavior and, in particular, the 
role of children’s temperament and psychophysiological indicators of stress reactivity in this 
relationship.

Parenting, negative emotionality and stress reactivity are often seen as independent 
contributors to the development of disruptive behavior, but the literature also suggests ways 
in which these constructs are linked across time (e.g., parenting might predict changes in 
negative emotionality, and negative emotionality might predict changes in parenting (Bates et 
al., 2019). Yet, there is a remarkable scarcity of longitudinal studies that combine parent-report 
and child physiological data to study these relations, especially in early-life family situations. It 
is important to study such early-life family situations, as early childhood is marked by especially 
rapid physical, motor, cognitive, and emotional regulatory growth (Ainsfeld, 1984; Jennings, 
1991). Toddlers begin to explore their environment and learn that their behavior elicits specific 
responses (Kochanska et al., 1998). This can be challenging for parents, as many of these 
behaviors involve toddlers’ willful non-compliance (Scaramella & Leve, 2004).

2
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Relations Between Parenting Practices, Negative Emotionality 
and Disruptive Behavior

An influential factor in children’s development of disruptive behavior is their ability to learn 
how to regulate emotional responses and related behaviors (Morris et al., 2007). During the 
first years of life, negative emotionality is considered a core component of temperament 
(i.e. individual differences in reactivity and self-regulation) (Rothbart & Bates, 2006) and is 
typically defined as the tendency to easily get distressed, experience more frustration, anger, 
sadness, and fear (Putnam et al., 2002). Morris and colleagues (2017) argue that parents 
influence their child’s emotion regulation in three important ways: modeling their own emotion 
regulation strategies to children (e.g., modelling, social referencing), emotion-related parenting 
practices (e.g., emotion coaching), and creating a general emotional climate within the family 
(e.g., attachment, parenting style) (Morris et al., 2017). Even though negative emotionality was 
originally considered to be a stable construct, it has now been shown that it develops over 
time (Shiner & Caspi, 2003; Van Aken et al., 2007) and that this development is influenced by 
parenting (Huijzer-Engbrenghof et al., 2023; Klein et al., 2018). This suggests a mediational 
path from harsh and unsupportive parenting to more disruptive behavior via an increase in 
negative emotionality.

Indeed, the literature provides some tentative evidence for this association. For instance, a 
review found that more psychological control, was related to more negative emotionality across 
childhood, which was also related to more adjustment problems (Kiff et al., 2011). Further, in 
a community sample of 306 preschoolers and their mothers, maternal negativity predicted 
increases in child frustration, which also predicted adjustment problems (i.e. hyperactivity, 
internalizing, and externalizing problems) when the children were 5 years old (Klein et al., 2018). 
Furthermore, a study during the COVID-19 lockdown showed that parental verbal hostility 
was related to increased child emotional dysregulation, leading to more behavior problems 
(i.e., hyperactivity and inattention) (Manzoni et al., 2020). Finally, in a large longitudinal study, 
mothers’ depressive symptoms during infancy predicted more adjustment problems when 
the child was three years old, and infant negative emotionality at six months old predicted 
more adjustment problems at three years old. However, no mediation path was analyzed for 
negative emotionality (Dix & Yan, 2014). Even though these studies show some support for 
a relation between dysfunctional parenting behavior and disruptive behavior via negative 
emotionality, none of these studies regards parenting as a whole, with both harsh and 
unsupportive parenting and warm and supportive parenting. Notably, these two dimensions 
of parenting practices have been shown to be relatively independent of each other (Deater-
Deckard et al., 2006; Stormshak et al., 2000), underscoring the importance of including both.

A separate but related literature on child sensitivity traits presents a different picture of 
how negative emotionality might affect the relation between parenting and child disruptive 
behavior. A concept that takes centerstage here is Sensory Processing Sensitivity (SPS), which 
is conceptualized as a biologically-based temperament trait that is characterized by greater 
awareness of subtle stimuli, deeper cognitive processing of external stimuli, arousability, 
and higher emotional reactivity (Aron & Aron, 1997). Even though negative emotionality is 
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frequently operationalized as a sensitivity trait, Aron and Aron themselves argued that there 
is a “high likelihood that negative affect as a personality variable is often the result of an 
interaction of something like sensitivity with a negative environment” (Aron et al. 2012, p. 
271). Thus, negative emotionality can be viewed as a proxy for emotional reactivity, as a 
part of general responsivity, interacting with exposure to a negative environment such as 
with dysfunctional parenting. Negative emotionality as a sensitivity trait has been extensively 
studied under the umbrella of SPS, but the link from parenting to emotional reactivity received 
less attention. Furthermore, the bio-regulatory processes that go together with emotional 
reactivity should also be taken into account, as these processes play an important role in the 
ability and development of emotion regulation (Beauchaine, 2015).

The psychophysiological component of emotion reactivity refers to the flexibility of the 
body to up or downregulate emotional arousal (Appelhans & Luecken, 2006). A commonly and 
non-invasive used index to assess emotional reactivity is heart rate variability (HRV), which 
is the variation in the duration between subsequent heartbeats and provides information on 
how the parasympathetic nervous system (PNS) influences heart functioning (Porges, 2001). 
The PNS is part of the autonomic nervous system (ANS) and is responsible for restoring and 
protecting our energy levels and vital organs. When the ANS is activated, it will slow the heart 
rate and increase HRV. The opposing system is the sympathetic nervous system (SNS), which 
is responsible for adaptive responses to external stimuli. Activation of the SNS will accelerate 
heart rate and decrease HRV. The ANS and SNS continuously interact with each other and 
govern the body’s capacity and flexibility to regulate emotions (Appelhans & Luecken, 2006). 
Typically, HRV increases with age from infancy through middle childhood, indicating that the 
PNS matures over time (Patriquin et al., 2015). This increase is also in line with the expansion of 
emotion regulation as children gain in motor, communication and cognitive skills (Sroufe, 1997).

When parents struggle to regulate their own emotions, this can hinder their parenting 
behavior, resulting in harsh and unsupportive parenting, affecting the child’s emotion 
regulation and behavior in turn (Morelen et al., 2016). In contrast, when parents are capable of 
guiding their child through emotional states, the child develops a healthy physiological emotion 
regulation (Zeegers et al., 2018). Studies have shown that a stressful family environment (i.e., 
harsh and unsupportive parenting) can dysregulate the PNS and SNS systems, affecting 
children’s sensitivity to the dysfunctional parenting environment (Oshri et al., 2020). When 
children’s stress response system is repeatedly triggered, the system will become continuously 
overactivated, and children will develop a chronically upregulated stress reactivity and lowered 
self-regulatory capacity, resulting in a low and/or an excessive reactivity in HRV (Beauchaine, 
2015; Wesarg et al., 2022). It has also been shown that HRV is predictive of disruptive behavior 
and later psychopathology (Hinnant & El-Sheikh, 2013). For instance, in toddlers, high HRV 
during rest has been related to social competence, empathy, regulation of distress during 
frustrating events, lower levels of aggression and greater attention control (Beauchaine, 2015). 
Furthermore, based on a meta-analysis with children ranging from toddlers to adolescents, 
lower levels of HRV decrease during a stressful event were linked to more externalizing 
behavior, whereas greater levels of HRV decrease during a stressful event were associated 
with fewer externalizing behaviors (Graziano & Derefinko, 2013). To our knowledge, there 
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are no studies in which the role of toddler’s negative emotionality and physiological stress 
reactivity are simultaneously investigated in the relation between parenting and disruptive 
behavior.

The Present Study

In this study, we investigated whether the longitudinal association between parenting practices 
(harsh and unsupportive parenting and warm and supportive parenting) and child disruptive 
behavior in toddlerhood would be mediated by children’s negative emotionality and stress 
reactivity (HRV). We expected that harsh and unsupportive parenting would lead to more 
disruptive behavior via increases in children’s negative emotionality and lower levels of HRV 
stress reactivity over time. In contrast, we expected that warm and supportive parenting 
would lead to lower levels of disruptive behavior via less negative emotionality and higher 
levels of HRV stress reactivity over time. Because disruptive behavior is a forerunner of clinical 
diagnoses of externalizing disorders (Caspi et al., 2020), and toddlers usually do not get 
diagnosed this young, we chose to adopt the term disruptive behavior (i.e., disobedience, 
defiance of authority, an angry or irritable mood state, and verbal or physical aggression 
toward others).

Method

Procedure

Participating families took part in an ongoing longitudinal study: Joint (Epi)genetics Of Parenting 
And Stress-Reactivity in the Development of Youth (JEOPARDY; Overbeek et al., 2020). The 
study was approved by the Ethical Review Board of the Department of Child Development 
and Education at the University of Amsterdam (2019-CDE-10160). The families were recruited 
through the Amsterdam SARPHATI cohort ― a large dynamic cohort study that systematically 
monitors children’s health and development from birth up to 18 years of age (Ujcic-Voortman 
et al., 2020) ― while others were drawn from the general population within or around the 
municipality of Amsterdam by distributing flyers in daycare centers, playgrounds, and parks 
and by placing adverts on social media. Families with toddlers aged between 12–16 months at 
the time of recruitment could participate in the study. Parents participating in the SARPHATI 
cohort were administered the Dutch version of the Parenting Stress Questionnaire –Short 
(Opvoedingsbelastingsvragenlijst-kort, OBVL -k; Vermulst et al., 2012). All parents who scored 
above the 75th percentile on this questionnaire, indicating heightened levels of parenting 
stress, were invited to participate in JEOPARDY. Families recruited via flyers were screened 
for parenting stress through the same questionnaire, but could participate regardless of their 
score. Overall, this led to a sample of ‘at-risk families’ with high parenting stress (n = 56), and 
therefore at higher risk of harsh parenting, and ‘low-risk families’ without elevated levels of 
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parenting stress (n = 16). All families received an information letter and a phone call explaining 
the study in more detail. Parents had to be at least 18 years old and master the Dutch language, 
and it was required that both child and parent had no physical or mental health condition that 
would impede taking part in the test sessions. Of the 108 families that showed interest, 72 
(67%) decided to participate in the study.

After inclusion, families were visited in their homes for assessments every six months 
across five measurement waves. This study reports on the first three of those waves, as the 
study focused on early family dynamics. Because some families (n = 10 intervention, n = 12 
active control condition) in our sample participated in a parenting intervention, they followed 
a different timeline, with follow-up assessments after the baseline at 3 months and 6 months 
(instead of 6 months and 6 months), we therefore controlled for these differing time intervals 
alongside intervention status in the analyses (see strategy for analyses).

At each measurement wave, the families were visited in their homes for an assessment 
(except for 32 families during the first wave due to COVID-19 restrictions, for whom assessments 
were conducted online via Zoom). During the first assessment, the trained experimenter and 
assistant took the time to explain the study in more detail, answered questions, and collected 
the signed informed consent letter. Next, a series of tasks to assess stress reactivity, alongside 
other tasks not relevant to the present study, were executed. Furthermore, parents filled in 
a set of online questionnaires, which were emailed to them prior to each home visit. This 
procedure was repeated at each measurement wave. Parents received a gift certificate during 
each home visit with a value of up to €50 in total.

Participants

In total, 72 parent-toddler dyads participated in the study, which comprised a highly intense 
data collection procedure. Toddlers were between 12 and 16 months old at T1 (Mage = 14.68, 
SD = 2.12); 51.4% were girls and mostly Dutch (84.7%). Participating parents (88.9% mothers) 
were aged between 25 and 44 years old (Mage = 35.54, SD = 3.50) and were also mostly Dutch 
(73.6%). Twenty-one percent were from other countries, such as USA, Germany and Turkey. The 
parents were mostly (55.6%) married or had a registered partnership (36.1% had a relationship, 
and 5.6% were single). Furthermore, 66.7% of the parents had completed a university-level 
educational degree, 29.2% a higher vocational educational degree, and 2.8% completed high 
school or middle vocational educational degree. Nearly all parents were employed (91.7%) and 
had a family income of over €3.200 net(t) per month.

Measures

Toddler Disruptive Behavior
To assess disruptive behavior, the Dutch version of the Child Behavior Check List (CBCL; 
Achenbach, 2000) for young preschoolers (1,5 – 5 years) was used. The questionnaire can 
adequately measure children’s problem behavior from an early age (Koot et al., 1997). Parents 
rated their child’s behavior from the past two months on a three-point scale (“1= not true, 
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2= sometimes / a little, and 3= very often / true) on 99 questions on emotional and behavioral 
problems. For this study, we used the sum score of the externalizing broadband score, which 
is comprised of the syndrome scales Attention problems (5 items) (i.e., “Can’t sit still, is restless 
or hyperactive”) and Aggressive behavior (19 items) (i.e., “Is easily upset when things don’t 
go his/her way”). The externalizing scale achieved good reliability. Cronbach’s alpha’s were 
α = .91 at T1, α = .90 at T2, and α = .89 at T3, respectively.

Parenting
Parenting practices were assessed with the Dutch version of the Comprehensive Early 
Childhood Parenting Questionnaire (CECPAQ; Verhoeven et al., 2017) and were used in the 
analyses at the first and second wave. The questionnaire is a good measure of self-perceived 
parenting behavior for parents with young children (Verhoeven et al., 2017). Parents were asked 
to indicate on a Likert scale ranging from 1 to 6 (1= never, 6 = always) whether the statement 
was applicable to them/their child. For warm and supportive parenting, the subscales Support 
(13 items) (i.e., “I tell my child how happy s/he makes me”) and Positive Discipline (4 items) 
were used (i.e., “I explain to my child why certain rules must be followed”). For harsh and 
unsupportive parenting, the subscale Harsh Discipline (12 items) was used (e.g. “When my 
child disobeys, I get angry and raise my voice”). Item scores were averaged to obtain total 
subscale scores, with higher scores representing higher levels of either warm and supportive 
parenting or harsh/unsupportive parenting practices. In line with former findings (Verhoeven 
et al., 2017), warm and supportive parenting achieved good reliability at T1(α = .88), T2 (α = .87), 
and T3 (α = .86). Due to poor reliability within the Harsh Discipline subscale we dropped one 
item (i.e., “When my child misbehaves… I raise my voice or yell / I speak to my child calmly”). For 
the final scale, Cronbach’s alphas were adequate (α = .73 at T1, α = .80 at T2, and α = .79 at T3).

Negative Emotionality
Negative emotionality was assessed with the Dutch version of the 12-item negative 
emotionality scale of the Early Childhood Behavior Questionnaire Very Short Form (ECBQ-
VSF; Putnam et al., 2006), and was used in the analyses at the second and third wave. The 
questionnaire is a valid measure to assess child temperament between the ages of 18 and 36 
months (Putnam et al., 2006). Parents were asked to indicate the frequency with which they 
observed a certain behavior over the past two weeks based on a Likert scale ranging from 1 
to 7 (e.g., “When s/he was upset, how often did your child cry for more than 3 minutes, even 
when being comforted?”). Item scores were averaged to obtain a total score, with higher scores 
representing higher levels of negative emotionality. In line with expectations, Cronbach’s 
alpha’s negative emotionality scale increased as the children’s age increased (α = .48 at T1, 
α = .69 at T2, and α = .69 at T3).

HRV Stress Reactivity
The Laboratory Temperament Assessment Battery (Lab-TAB; Goldsmith & Rothbart, 1999), 
were conducted during home visits to assess stress reactivity. Parents were asked to place a 
Polar H7 heart rate sensor around their child’s chest, which had been adapted with Velcro for 
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use within a pediatric population. The Polar device was connected via Bluetooth to the laptop 
containing Vsrrp98 software, used to register HRV data during the tasks (Molenkamp, 2011). A 
second laptop containing Presentation software was connected to the first laptop with a glass 
fibre amplifier. The second laptop registered the triggers, cued by the lead experimenter, of 
each task’s start and finish point within the experiment. The task started with the child seated 
in a high chair with the parent sitting right behind the child. For the first 3 minutes, the child 
watched a Miffy video clip on a tablet, during which baseline measure was registered. Next, 
the assistant entered the room wearing an animal mask and approached the child at intervals 
(total time 1:10min). In two subsequent episodes, the assistant re-entered the room with a 
remote-controlled spider that performed a series of movements (total time approx. 1:15min), 
and a remote-controlled robot was placed on the floor in front of the child that also performed 
a series of movements (total time 1:45 min). Finally, the tablet with the Miffy video clip was 
replaced in front of the child for a recovery phase that lasted 3 minutes. If the child cried or 
became upset during the tasks for longer than 30 seconds, the parent was allowed to comfort 
the child and decide whether the experiment would be continued or aborted.
	 The measurement software received data from the Polar heart rate monitor as 
interbeat intervals. The Polar sensor sends data every second, and when no movement 
artefacts are detected. Therefore, the software realigned the data before data processing 
(Vrssp98, version 12.9, 2024). After realigning the data, the program calculated heart rate 
and heart rate variability from the individual interbeat interval, using a criterion of IBI < last IBI 
+ 33% and IBI > last IBI – 33%. HRV was calculated as the Root Mean Square of Successive 
Differences in IBI (RMSSD). After processing, the HR and HRV data were manually checked for 
noisy data (i.e. movement and/or crying of the child and technical issues) in which values did 
not match plausible HR and HRV for this age group. Based on previous research, a cut-off of 
an HR below 95 (Nederlandse Hartstichting, n.d.) and an HRV above 100 (Nikolic et al., 2022; 
Zeegers et al., 2018) was made. Within each phase, when these values were present, they were 
deleted. A minimum of 30 consecutive seconds of measurement units had to be present in 
the specific phase to score. For more details, see supplementary materials. For baseline HRV, 
the mean value of the HRV during the three-minute baseline was used. To assess HRV stress 
reactivity, the mean value of the baseline HRV was subtracted from the mean value of the 
three stress tasks combined (i.e., mask, spider, robot). Negative values indicate a decrease in 
HRV during the stress tasks. For our analyses, we used data from the second and third wave.

2



30

Chapter 2

Analyses

Given the ubiquity of missing data due to attrition in longitudinal designs, as expected, there 
were more missing data at T3 (n = 18, 18 and 17 missing values, 12.9%, 12.9%, and 12.2%) and 
T2 (n = 11, 10, and 9 missing values, 7.9%, 7.2%, and 6.5%) than there were at T1 (n = 1, 1 and 1 
missing values, 0.7%) for the parenting, disruptive behavior, and negative emotionality items. 
For the HRV stress reactivity, there were 40 missing values at T1 (28.8%), 37 at T2 (26.64%) 
and 30 at T3 (21.6%). Before describing our target analyses, we explain how incomplete data 
were handled.

Multiple imputation is a method that preserves all available information observed in our 
sample, preventing unnecessary loss of power by replacing missing values with a distribution 
of plausible values (Little et al., 2014). Multiple imputation assumes data are missing at random 
(MAR) or missing completely at random (MCAR). A Little’s MCAR test confirmed this to be the 
case for the current study data (χ2=2826.612,df = 20990, p = 1.00). We used SPSS (version 29) 
to impute missing values for all three waves of the data ten imputed datasets were constructed. 
The data were imputed with predictive mean matching so that the only values chosen to 
replace missing values were among the observed values within individuals. The auxiliary 
variables were all items from the measures used for analyses. After imputing the missing item-
level data, scale scores were computed (i.e., passive imputation of scale scores).

To answer the research questions, we ran partial mediation analyses using Hayes’ 
PROCESS macro (Hayes, 2017), model 4 in SPSS (version 29) to examine whether negative 
emotionality and/or HRV stress reactivity mediated the association between parenting and 
disruptive behavior. The variables were standardized into Z-scores and we used bootstrapping 
with 5.000 samples redrawn to estimate the 95% confidence intervals for the mediation 
effect. Furthermore, the results were pooled across multiple imputations in Excel using 
Rubin’s rules (Rubin, 1987). PROCESS uses a regression-based approach and allows for 
comparison of indirect effects, effect size, and examines the total effect model. PROCESS 
estimates the indirect coefficient for each indirect pathway between the independent variable 
(harsh parenting or warm and supportive parenting) and the dependent variable (disruptive 
behavior), accounting for respective indirect effects (negative emotionality or HRV stress 
reactivity). We tested eight models in total as we examined the longitudinal model for both 
harsh parenting and warm and supportive parenting as predictors at T1. As toddlers go through 
rapid developmental changes, parenting also undergoes a transformation (Scaramella & Leve, 
2004). To capture this transformation, we examined the longitudinal model with parenting 
as a predictor at T2 as well. In the T1 parenting models, the mediator variables for negative 
emotional reactivity and HRV stress reactivity were taken from the T2 assessment. In the T2 
parenting models, the mediator variables for negative emotional reactivity and HRV stress 
reactivity were taken from the T3 assessment, allowing for a longitudinal analysis of the 
linkages with parenting measured one wave earlier. As children at this young age develop 
at different paces in which a four months age difference can be impactful (Sheldrick et al., 
2019), we controlled for age. We also controlled for intervention status and baseline disruptive 
behavior, because of the differences in timeline and some families receiving an intervention.
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Results

Table 1 shows the variables’ means, standard deviations, and min-max values at all three 
timepoints. A repeated Measure ANOVA showed that harsh parenting significantly increased over 
time (see Table 1). Also, toddlers showed significant increased disruptive behavior and negative 
emotionality over time. HRV significantly decreased from T1 to T3 (see Figure 1). A manipulation 
check with paired-sample T-tests revealed that the stress induction was successful. For wave 
2, there was a significant difference between the HRV stress phases (M = 21.48, SD = 6.79) and 
the HRV baseline (M = 26.06, SD = 9.00); t(9881) = -5.47, p < .001, d = 7.06 with a 95% CI ranging 
from -6.22 to -2.94. The same was true for wave 3, with a significant difference between the HRV 
stress phases (M = 23.19, SD = 6.79) and the HRV baseline (M = 30.70, SD = 9.26); t(9881) = -6.95, 
p < .001, d = 8.55 with a 95% CI ranging from -9.62 to -5.38.

Table 1 Descriptive Statistics

Mean SD Min-Max F Min-Max Eta Squared
Harsh Parenting T1 1.71 0.69 1.33;2.58

T2 1.78 0.71 1.42;3.00
T3 1.85 0.64 1.42;3.00 6.34 - 10.39* 0.8 - 0.13

Warm/Sup. Parenting T1 4.83 0.28 2.79;5.85
T2 4.85 0.29 3.46;5.88
T3 4.88 0.31 3.89;5.72 0.09 - 0.9 0.001 - 0.01

Disruptive Behavior T1 37.77 0.59 25;60
T2 39.34 0.53 24;59
T3 41.05 0.43 25;56 6.20 - 8.34* 0.08 - 0.10

Neg. Emotionality T1 2.36 8.21 1.09;4.91
T2 2.80 7.42 1.36;5.27
T3 2.88 6.75 1.64;4.82 26.64- 30.51* 0.27 - 0.30

HRV-SR T1 4.03 5.84 -14.16;20.30
T2 4.58 6.94 -14.32;27.36
T3 7.50 8.70 -10.85;36.49 3.76 - 7.36* 0.05 - 0.09

Note. Pooled across imputed datasets. * p < .05.

Correlations between all variables are presented in Table 2. Notably, harsh parenting T1 did 
not correlate significantly with either disruptive behavior, negative emotionality, or HRV stress 
reactivity across all time points. For warm and supportive parenting T1 there was a significant 
negative association with disruptive behavior T3. Harsh parenting T2 showed a significant 
correlation with disruptive behavior T2 and T3, along with negative emotionality T3. Warm and 
supportive parenting T2 showed a significant negative association with negative emotionality 
T3. Furthermore, negative emotionality T2 significantly correlated with disruptive behavior T2 

1 The df for pooled test statistics are a function of N, the number of imputations, and the fraction 
of missing information.
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and T3. The same was true for negative emotionality T3 and disruptive behavior T3. Finally, 
HRV stress reactivity T2 showed a significant association with negative emotionality T2. All 
significant correlations were weak to moderate and in the expected direction.

Figure 1 HR and HRV across Lab-TAB phases
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Mediation of Negative Emotionality

We tested the mediation of negative emotionality T2 in the relation between harsh parenting 
T1 and disruptive behavior T3. Harsh parenting at T1 did not significantly predict disruptive 
behavior at T3 in the total and direct models. Moreover, there were no significant indirect 
effects, indicating that negative emotionality T2 did not mediate an effect of harsh parenting 
T1 on disruptive behavior T3. The same results emerged when we tested the model with warm 
and supportive parenting T1 as predictor (see Table 3).

Next, we tested the mediation of negative emotionality T3 on the relation between harsh 
parenting T2 and disruptive behavior T3. Harsh parenting T2 did not significantly predict 
disruptive behavior at T3. However, the association between negative emotionality T3 and 
disruptive behavior was significant T3 (β = 0.26, SE = 0.11, t = 2.36, p = .043). However, when 
Bonferroni correction was applied to adjust for multiple testing, setting the significance 
threshold at α = .006, the association was no longer significant. Within the relation between 
harsh parenting T2 and disruptive behavior T3 with negative emotionality T3 as mediator, 
results showed no mediation. The model was repeated with warm and supportive parenting 
as predictor. The direct association between warm and supportive parenting T2 and disruptive 
behavior T3 was not significant. However, the direct association between negative emotionality 
T3 and disruptive behavior T3 was significant (β = 0.31, SE = 0.11, t = 2.82, p = .020). The 
longitudinal association between warm and supportive parenting T2 and disruptive behavior 
T3 with negative emotionality T3 as mediator showed no mediation (see Table 4).

Mediation of HRV Stress Reactivity

Concerning our hypothesis with HRV stress reactivity as a mediator, we tested whether 
parenting predicted disruptive behavior via HRV stress reactivity. Results showed that harsh 
parenting T1 did not significantly predict disruptive behavior at T3. Moreover, there were no 
significant indirect effects, indicating that HRV stress reactivity did not mediate an effect of 
harsh parenting T1 on disruptive behavior T3. The same was true when we repeated the model 
with warm and supportive parenting T2 as predictor (see Table 5).

Finally, we tested whether parenting at T2 predicted disruptive behavior at T3 via HRV 
stress reactivity at T2. Results showed that harsh parenting T2 did not significantly predict 
disruptive behavior at T3. There were also no significant indirect effects, indicating that HRV 
stress reactivity at T2 did not mediate an effect of harsh parenting at T2 on disruptive behavior 
T3. Likewise, there were no significant direct and indirect effects when warm and supportive 
parenting at T2 was used in the mediation analyses (see Table 6).
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Table 3  Mediation results of Parenting T1 on Negative Emotionality T2, and Disruptive Behavior T3

β SE t p CI
Harsh Parenting
 Harsh parenting → negative emotionality 0.13 0.12 1.09 .306 -0.15;0.41
 Negative emotionality → disruptive behavior 0.08 0.12 0.64 .539 -0.20;0.36
 direct: harsh parenting → disruptive behavior -0.01 0.12 -0.05 .958 -0.28;0.26
 total: harsh parenting → disruptive behavior 0.004 0.12 0.03 .973 -0.26;0.27
 indirect effect: harsh parenting → negative 
emotionality → disruptive behavior

0.01 0.03 0.37 .722 -0.05;0.08

Warm and Supportive Parenting
 Warm/Supportive parenting → negative emotionality 0.06 0.12 0.53 .611 -0.21;0.34
 Negative emotionality → disruptive behavior 0.09 0.12 0.73 .483 -.18;0.36
 direct: Warm/Supportive parenting → disruptive 
behavior

-0.16 0.11 -1.39 .199 -0.42;0.10

 total: Warm/Supportive parenting → disruptive 
behavior

-0.15 0.11 -1.34 .213 -0.41;0.11

 indirect effect: Warm/Supportive parenting → neg. 
emo. → disruptive behavior

0.02 0.04 0.40 .695 -0.08;0.11

Note. Pooled across imputed datasets. Age, Intervention status, and Disruptive Behavior T1 were used 
as control variables.

Table 4 Mediation results of Parenting T2 on Negative Emotionality T3, and Disruptive Behavior T3

β SE t p CI
Harsh Parenting
 Harsh parenting → negative emotionality 0.24 0.12 1.96 .082 -0.04;0.51
 Negative emotionality → disruptive behavior 0.26 0.11 2.36 .043 0.01;0.52
 direct: harsh parenting → disruptive behavior 0.20 0.12 1.70 .124 -0.07;0.46
 total: harsh parenting → disruptive behavior 0.26 0.12 2.24 .052 -0.002;0.52
 indirect effect: harsh parenting → negative 
emotionality → disruptive behavior

0.06 0.04 1.42 .190 -0.04;0.16

Warm and Supportive Parenting
 Warm/Supportive parenting → negative emotionality -0.03 0.12 -0.24 .817 -0.30;0.24
 Negative emotionality → disruptive behavior 0.31 0.11 2.82 .020 0.06;0.56
 direct: Warm/Supportive parenting → disruptive 
behavior

-0.12 0.11 -1.07 .314 -0.36;0.13

 total: Warm/Supportive parenting → disruptive 
behavior

-0.13 0.11 -1.11 .297 -0.38;0.13

 indirect effect: Warm/Supportive parenting → neg. 
emo. → disruptive behavior

-0.01 0.04 -0.20 .845 -0.11;0.09

Note. Pooled across imputed datasets. Age, Intervention status, and Disruptive Behavior T1 were used 
as control variables.
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Table 5 Mediation results of Parenting T1 on HRV T2, and Disruptive Behavior T3

β SE t p CI
Harsh Parenting
 Harsh parenting → HRV -0.11 0.14 -0.80 .446 -0.41;0.20
 HRV → disruptive behavior 0.04 0.12 0.34 .743 -0.23;0.31
 direct: harsh parenting → disruptive behavior 0.01 0.12 0.07 .948 -0.26;0.28
 total: harsh parenting → disruptive behavior 0.004 0.12 0.03 .973 -0.26;0.27
 indirect effect: harsh parenting → HRV → disruptive 
behavior

-0.004 0.02 -0.22 .829 -0.04;0.04

Warm and Supportive Parenting
 Warm/Supportive parenting → HRV 0.09 0.13 0.69 .505 -0.21;0.39
 HRV → disruptive behavior 0.05 0.12 0.45 .664 -0.21;0.31
 direct: Warm/Supportive parenting → disruptive 
behavior

-0.16 0.11 -1.37 .204 -0.42;0.10

 total: Warm/Supportive parenting → disruptive 
behavior

-0.15 0.11 -1.34 .213 -0.41;0.10

 indirect effect: Warm/Supportive parenting → HRV → 
disruptive behavior

0.005 0.02 0.22 .829 -0.04;0.05

Note. Pooled across imputed datasets. Age, Intervention status, and Disruptive Behavior T1 were used 
as control variables.

Table 6 Mediation results of Parenting T2 on HRV T3, and Disruptive Behavior T3

β SE t p CI
Harsh Parenting
 Harsh parenting → HRV -0.01 0.13 -0.07 .946 -0.29;0.28
 HRV → disruptive behavior 0.03 0.11 0.30 .771 -0.22;0.29
 direct: harsh parenting → disruptive behavior 0.26 0.12 2.23 .053 -0.004;0.52
 total: harsh parenting → disruptive behavior 0.26 0.11 2.24 .052 -0.002;0.52
 indirect effect: harsh parenting → HRV → disruptive 
behavior

0.00 0.02 0.00 .997 -0.05;0.05

Warm and Supportive Parenting
 Warm/Supportive parenting → HRV 0.02 0.13 0.14 .895 -0.27;0.30
 HRV → disruptive behavior 0.03 0.12 0.30 .774 -0.23;0.30
 direct: Warm/Supportive parenting → disruptive 
behavior

-0.13 0.11 -1.11 .297 -0.38;0.13

 total: Warm/Supportive parenting → disruptive 
behavior

-0.13 0.11 -1.11 .297 -0.38;0.13

 indirect effect: Warm/Supportive parenting → HRV → 
disruptive behavior

0.001 0.02 0.05 .958 -0.05;0.05

Note. Pooled across imputed datasets. Age, Intervention status, and Disruptive Behavior T1 were used 
as control variables.
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Discussion

In this study, we investigated the longitudinal association between parenting practices (harsh 
and unsupportive parenting and warm and supportive parenting) and child disruptive behavior 
and whether this association is mediated by children’s negative emotionality and emotional 
stress reactivity (HRV). Overall, we found that negative emotionality and stress reactivity did 
not mediate the relation between parenting and disruptive behavior.

Contrary to our hypothesis, in this sample of toddlers and their parents we found no proof 
that harsh parenting predicts disruptive behavior, neither directly nor indirectly via negative 
emotionality. Even though we expected to find this relation, with negative emotionality 
as a proxy for a general responsivity to a negative or positive parenting environment—in 
accordance with Sensory Processing Sensitivity conceptualizations (Aron et al., 2012)—we 
did not find this link. A possible explanation might be that the parenting behavior in the 
families studied was, in most cases, “good enough parenting” (Winnicott, 1960)—which is to 
say that generally levels of parental harshness in this sample were quite low. Winnicott, in his 
days, stated that as long as parents are reliable and the child is well-cared for, parents’ minor 
‘failures’ ultimately foster independence and autonomy in the growing child. When considering 
the average score for harsh parenting in our sample they were quite low, whereas the average 
score for warm and supportive parenting was quite high. This might indicate that the parenting 
behavior was indeed good enough and did not cause disruptive behavior at this early age. 
Relatedly, the effects of harsh parenting on child behavior might emerge later in development, 
as suggested by research on coercive cycling in families (Patterson, 1982). A longitudinal 
study among 731 parent-child dyads that examined coercive interactions at ages 2, 3, 4 and 
5 showed that coercive interactions in early childhood predicted disruptive behaviors in the 
years to come (Smith et al., 2014). In our sample, both harsh parenting and disruptive behavior 
increased significantly over time. Future research with more measurement waves can shed 
light on the development of disruptive behavior from toddlerhood into the preschool period 
in relation to parenting practices.

Even though warm and supportive parenting scores were high on average, this did not 
predict fewer disruptive behavior. Moreover, negative emotionality and HRV stress reactivity 
did not mediate in this relationship. However, correlations showed that warm and supportive 
parenting at wave 1 was associated with less disruptive behavior at wave 3. Also, warm and 
supportive parenting at wave 3 was associated with less negative emotionality at wave 3. Even 
though we expected to find that warm and supportive parenting would predict less disruptive 
behavior over time (Davidov & Grusec, 2006; Waller et al., 2014) we did not find the same 
results. Perhaps the toddler’s young age contributes to the fact that we did find a relation, 
however, no predictive results yet. The first 1001 days (i.e., from conception to two years of 
age) shape the child emotionally, psychologically and neurologically. However, many of the 
developments in these first 1001 days become apparent only after this period (Leach, 2017). 
This might suggest that parenting effects, either for better or worse, in relation to children’s 
behavior, come to light in studies that follow up children until after this period as well.
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In partial accordance with previous research (Klein et al., 2018), results showed that negative 
emotionality was associated with children’s disruptive behavior, yet only cross-sectionally in 
the third wave. These results cautiously add to the findings that negative emotionality may be 
an early marker of adjustment problems (Eisenberg et al., 2009). Interestingly, this finding only 
became apparent when the toddlers were slightly older (around 2 years of age) while keeping 
in mind that both negative emotionality and disruptive behavior significantly increased over 
time. This might indicate that relation between negative emotionality and disruptive behavior 
strengthens as children age (Kim & Kochanska, 2021). However, the results in the current 
study should be interpreted with caution. When applying a Bonferroni correction for multiple 
testing, the significant results no longer hold. Future research with a larger sample size would 
enable more stringent testing.

As for the hypothesis on stress reactivity, we found no proof that harsh parenting predicts 
disruptive behavior, neither directly nor indirectly via HRV stress reactivity. Even though a 
meta-analysis on HRV withdrawal during challenging states and children’s adaptive functioning 
found that lower levels of HRV withdrawal were linked to more externalizing behavior problems 
(Graziano & Derefinko, 2013), we did not find the same results. A possible explanation might 
be that the children in the meta-analysis were mainly of school age. Their PNS will have 
matured further than the toddlers in our sample, which will also influence their ability to 
regulate emotions.

Strengths and Limitations

The current study has several strengths. First, we examined the relation between parenting 
and disruptive behavior using longitudinal data, which gives insight into changes over time, 
as well as into developmental trajectories. Furthermore, the study made use of a multi-source 
measurement approach, with parents self-reports being combined with physiological data 
from children. This enabled us to examine whether child behavior is related to physiological 
responses (i.e., HRV) and whether parenting affects these responses in toddlers. Moreover, 
the patterns of HRV during stress inductions and how these patterns develop as toddlers get 
older are very valuable to the field in itself. We showed that the performed stress induction 
was successful in this young age group and that the Polar belt is a sound and noninvasive 
technique to obtain HRV data.

One of the primary limitations of this study is the small sample size and lower statistical 
power. This limits the generalizability of the findings and increases the likelihood of Type II 
errors, meaning some true effects may not have been detected. Thus, caution is needed when 
interpreting the results. Because of the small sample, the options for using more sophisticated 
SEM analytical approaches were also limited. Ideally, in future studies the longitudinal relation 
between parenting and disruptive behavior and the role negative emotionality and stress 
reactivity play in this relation may be studied with a cross-lagged design. This would enhance 
the understanding of the directionality and temporal ordering of relationships between these 
variables, providing stronger evidence of potential causal mechanisms.
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Another limitation was the reliability of the scales to measure disruptive behavior and 
negative emotionality. Because of the young age of the toddlers, especially at the first wave, 
the reliability was questionable. As time went by, the reliability of the scales improved, which is 
in line with the validation studies on these questionnaires, as both the ECBQ and the CBCL are 
deemed reliable from the age of 18 months (Putnam & Rothbart, 2006; Koot,1993). Relatedly, 
the study only made use of parent-reported measures to assess parenting behavior, disruptive 
behavior and negative emotionality. Without direct observational data, it is not possible to 
validate the accuracy of the parent-reported measures. Furthermore, with observational data, 
measures of disruptive behavior and negative emotionality at this young age could have been 
more reliably assessed. However, there are also studies that found low agreement between 
observational and parent-reported measures of child disruptive behavior, indicating a high 
discrepancy between the two measurement types (Hendriks et al., 2018; Moens et al., 2018). 
Nevertheless, future research should incorporate both parent-reported and observational 
methods, especially when studying young children, as measuring child temperament and 
disruptive behavior via questionnaires alone might not be reliable enough to capture the true 
essence of the specific behavior.

Conclusion

The current study aimed to improve our knowledge of what factors underlie the link 
between parenting and children’s disruptive behavior and, in particular, the role of children’s 
temperament and psychophysiological levels of negative emotionality and reactivity in this 
relationship. What parents reported about their own parenting practices did not predict 
disruptive behavior of toddlers. Moreover, neither the toddler’s negative emotionality nor their 
HRV stress reactivity mediated in this relation. However, harsh parenting, negative emotionality 
and disruptive behavior increased over time, which might indicate that the effects of harsh 
parenting on child behavior emerge later in development. Future research, including the period 
when infants transition to toddlerhood and from toddlerhood into preschool age, could expand 
our knowledge about this sensitive period in the life of young children, which can inform 
universal prevention approaches.
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Abstract

 Child temperament and parenting behavior are both known predictors of later disruptive child 
behavior. However, it remains unclear how these two factors combine to produce a higher 
risk of disruptive behavior over time. Moreover, inconsistencies in previous findings indicate 
that the effects of child temperament and parenting on children‘s disruptive behavior may 
depend on the broader sociodemographic context in which parent-child interactions occur. 
The present study examined whether children’s negative emotionality indirectly affected 
disruptive behavior through harsh and supportive parenting behavior and tested whether 
this developmental cascade varied by family socioeconomic status. To do so, we used 
questionnaire and observational measures from a three-wave longitudinal, multi-informant 
study including 386 parent-child dyads with children aged 4 to 8 years. Moderated mediation 
analyses in R demonstrated that children‘s negative emotionality and harsh parenting practices 
predicted later disruptive child behavior. However, parenting behavior did not mediate the 
longitudinal association between children‘s negative emotionality and later disruptive behavior, 
regardless of family socioeconomic status. The current study, therefore, did not find evidence 
that children with higher negative emotionality are hard to “handle”. Parenting practices were 
independent of child temperament, and this was true for parents from both lower and higher 
socioeconomic backgrounds.

Keywords: Negative emotionality, Harsh parenting, Supportive parenting, Disruptive behavior, 
Socioeconomic status
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Introduction

Child disruptive behavior (such as oppositional, aggressive, and rule-breaking behavior) is one 
of the most common forms of childhood adjustment problems—prevalent in about 5.7% of all 
children (Polanzyk et al., 2015)—and the main reason why children are referred to child- and 
adolescent mental health services (Kimonis et al., 2014). Such behavior problems are also 
highly predictive of other negative outcomes later in adolescence and adulthood, including 
school dropout, substance abuse, and criminal behavior (e.g., Loeber et al., 2009; Nock et 
al., 2007). Numerous interventions for disruptive behavior are funded and provided each 
year for children and their families. However, children differ substantially in how much they 
benefit from these programs (van Aar et al., 2019). To be able to design effective prevention 
and intervention programs, it is thus crucial to gain a better understanding of the etiology of 
disruptive behaviors and which children are at particular risk of developing them.

Two key predictors of disruptive child behavior are child temperament and parenting 
behavior, both of which have repeatedly been shown to contribute to children’s behavioral 
adjustment independently, but also in interaction with each other (e.g., Bates et al., 1998; 
Karreman et al., 2010; Miner & Clarke-Stewart, 2008). However, it remains unclear how child 
temperament and parenting combine to produce a higher risk of disruptive child behavior 
over time. Moreover, few studies have accounted for the interaction between developing 
parent-child dyads and the broader context, such as family socioeconomic status. With this 
in mind, the present study tested a longitudinal model in which parenting behavior mediates 
the relationship between child temperament and disruptive behavior, and whether family 
socioeconomic status moderates this developmental cascade.

Temperament is a set of physiologically based individual differences in reactivity and 
self-regulation that appear early in life and are considered relatively constant over time and 
situations (Rothbart & Bates, 2006). Three more specific temperamental dimensions are 
typically differentiated: surgency, effortful control, and negative emotionality. Of these three 
dimensions, negative emotionality is most frequently regarded as the core component of a 
difficult temperament across different definitions of the concept (Paulussen-Hoogeboom et al., 
2007) and is typically defined as individual differences in the tendency to get easily distressed. 
Children who show more negative emotionality generally experience more frustration, anger, 
sadness, and fear (Rothbart, 2011), and are more likely to show disruptive behavior (Prinzie 
et al., 2010; van den Akker et al., 2010). In one longitudinal study among children aged 8 to 
12 years (N = 190), increases in parent-reported negative emotionality were indeed found to 
predict increases in disruptive behavior across a 3-year time interval (Lengua, 2006).

Temperament has also been proposed to indirectly affect disruptive behavior through 
its effects on parenting. Children elicit different parental responses as their temperamental 
characteristics make children relatively more or less difficult to parent (Kiff et al., 2011). Children 
high in negative emotionality are likely to be more challenging for their parents to manage 
compared to their less negative peers. Frustrated by their children‘s difficult temperament, 
parents may thus alter their parenting behavior by showing increased harsh parenting practices 
(e.g., harsh and inconsistent discipline and negative control) or decreased positive parenting 
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practices (e.g., lower warmth, support, sensitivity, and responsiveness) in interactions with 
their children (Karreman et al., 2010; Taraban & Shaw, 2018). Notably, these two dimensions 
of parenting practices have been shown to be relatively independent of each other (Deater-
Deckard et al., 2006; Stormshak et al., 2000), underscoring the importance of including both. 
Indeed, various studies showed that high negative emotionality in children predicts increased 
harsh and restrictive parenting as well as less supportive parenting (Lengua & Kovacs, 2005; 
Paulussen-Hoogeboom et al., 2007).

 When a child’s temperament leads to parents becoming harsher, more restrictive, and 
less warm and sensitive, it may, in turn, affect the likelihood of the child developing disruptive 
behavior. Disruptive behavior problems in children are hypothesized to develop through a 
coercive cycle in which parent and child mutually reinforce each other‘s behavior (Patterson, 
1982). When parents respond to aversive and noncompliant child behavior by giving in to their 
child‘s demands, the child’s behavior is reinforced as the child learns that it can get its way by 
using disruptive means. Similarly, when parents respond to their child by employing harsh and 
punitive parenting practices, the parent’s behavior is reinforced if it results in the child ceasing 
the disruptive behavior. The theory posits that these reinforcement processes, over time, lead 
to gradually escalating coercive parent-child interactions, consisting of progressively more 
harsh and less supportive parental responses, as well as increased child disruptive behavior.

Given the established association between child temperament and parenting behavior, 
along with the association between harsh parenting and child disruptive behavior, researchers 
have proposed a longitudinal model in which parenting behavior mediates the relationship 
between child temperament and disruptive behavior (Kim & Kochanska, 2021). For example, a 
child high in negative emotionality may evoke more harsh parenting practices, which, in turn, 
increases the risk of the child showing disruptive behavior. However, results from studies so 
far have been mixed. Whereas some studies showed that specific parenting behavior (e.g., 
power-assertive control; Kim & Kochanska, 2021, punitive parenting; Ezpeleta et al., 2019) or 
parenting styles (e.g., authoritative parenting; Paulussen-Hoogeboom et al., 2008) mediate 
the relationship between difficult temperament and disruptive behavior in children, other 
studies did not find support for such a developmental cascade (Karreman et al., 2010; Padilla 
et al., 2020).

These mixed findings appear to be explained by methodological differences, with studies 
using more sophisticated approaches to testing mediation (e.g., Hayes’ PROCESS macro, 
structural equation modelling) more often finding support for a mediated relationship from 
temperament to disruptive behavior through parenting practices. Also, previous studies 
have mainly relied on parent reports for both child and parent behavior, possibly leading to 
inflated relationships between the variables due to shared method variance. Moreover, they 
have mostly been limited to harsh parenting practices, whereas it is still unclear whether 
child temperament might have an effect on disruptive behavior through the indirect effects 
of lacking positive parenting practices. Finally, inconsistent findings might be explained by 
factors that moderate the relationship between child temperament, parenting, and disruptive 
child behavior – such as the broader caregiving environment (Crockenberg, 1986), for instance, 
a family’s socio-economic status (SES).
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According to the Family Stress Model, economic hardship increases parental stress and 
strains relationships within families, and these factors disrupt the use of effective parenting 
strategies (Masarik & Conger, 2017). Compared to high SES parents, parents of low SES are 
more likely to experience additional stressors (e.g., having to juggle insufficient financial 
resources and unsafe neighborhoods), thereby increasing the risk of using less optimal 
parenting practices. Furthermore, low SES parents do not have access to the same financial and 
social resources to effectively deal with the demands of their children‘s difficult temperament 
as high SES parents do. As a result, they may struggle more with responding appropriately to 
challenging child behaviors and resort to less optimal parenting practices (Conger et al., 2010; 
Flouri, 2008). Family SES may also moderate the relationship between parenting practices 
and child disruptive behavior. Although harsh parenting is generally regarded as universally 
detrimental to children, its effects on disruptive child behavior may be stronger in low SES 
families as children are more likely to be exposed to other harmful environmental influences 
as well (e.g., deviant peers and neighborhood danger) (Waller et al., 2018).

In a meta-analysis of the relation between children’s negative emotionality and parenting, 
increased negative emotionality was found to be linked to less supportive parenting in low 
SES families but associated with more supportive parenting in high SES families (Paulussen-
Hoogeboom et al., 2007). Evidence for the moderating effect of SES on the relation between 
parenting and disruptive child behavior is more limited, but findings suggest that the effect 
of harsh parental discipline on child aggression is stronger in low SES families (MacKenzie et 
al., 2014; Waller et al., 2018). Finally, findings from a recent study have provided preliminary 
support for SES moderating the developmental cascade from children‘s difficult temperament 
to disruptive behavior. The results showed that a longitudinal path from unmanageable child 
temperament to parental power-assertive control to behavior problems was only present in low 
SES families but not in high SES families (Kim & Kochanska, 2021). The authors note, however, 
that their study included few children with elevated levels of disruptive behavior and only used 
parent reports of disruptive behavior. In order to increase the generalizability of the study‘s 
results, the findings should thus be replicated using observational measures in samples with 
more disruptive child behavior.

The Present Study

The aim of this study was to enhance our current knowledge of the developmental pathways 
to disruptive behavior in children. By using longitudinal three-wave, multi-informant data 
with both questionnaire measures and observational we tested a conceptual model in 
which parenting (harsh and supportive parenting) mediates the effect of children‘s negative 
emotionality, as the core component of difficult temperament (Paulussen-Hoogeboom et al., 
2007), on disruptive behavior. Additionally, we assessed whether the longitudinal model varied 
by family socioeconomic status. We expected that 1) high negative emotionality in children at 
baseline would elicit more harsh and less supportive parenting practices at the second wave, 
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which in turn would predict elevated levels of disruptive child behavior at the third wave, and 
2) these relationships would be stronger for families of low socioeconomic status.

Method

Participants

Participants in the study were 386 Dutch parent-child dyads. Parents (92% mothers) were aged 
between 23 and 51 years (Mage = 38.09, SD = 4.83) and were mostly born in the Netherlands 
(82%). About half of them (49%) had obtained higher vocational training or university degrees. 
Most of the parents were employed (72%), whereas some were a stay-at-home parent (13%), 
some were unemployed (14%) and a few were classified as other (1%). Parents were mostly 
either married or living together (88%), while some were single (9%) and a few classified as 
other (3%). Children (54% boys) were between 4 and 8 years of age (Mage = 6.31, SD = 1.32) at 
the start of the study, and most of them were born in the Netherlands (97%).

Procedure

This study made use of data from the Observational Randomized Controlled Trial on Childhood 
Differential Susceptibility (ORCHIDS) study, a trial of the Incredible Years parenting program 
(Chhangur et al., 2012; Weeland et al., 2017). Families were recruited through community 
records of two Dutch regional healthcare organizations and screened for elevated rates of 
disruptive child behavior using the Dutch version of the Eyberg Child Behavior Inventory (ECBI; 
Eyberg & Pincus, 1999; Weeland et al., 2018). A total of 5,876 families were screened, after 
which families with a child who scored at or above the 75th percentile of their cohort on ECBI 
were invited to participate. Families in which the parent or child had an intellectual disability 
or in which parents did not master the Dutch language were excluded. Families provided 
measures at three measurement waves that were each four months apart (T1: pre-test, T2: 
post-test, T3: follow-up). We used data from both intervention and control groups in the present 
study, controlling for intervention status in our analyses.

Before the start of the study, parents received an information letter detailing the procedure 
and goals of the study and signed informed consent forms. At each wave, parents filled out 
digital questionnaires about their parenting practices and their child’s behavior, and parent-
child interactions were filmed in a structured play situation during home visits. Trained research 
assistants who were not involved with the study and blind to participants’ condition coded 
the videos. Calibration meetings were held monthly in order to prevent observer drift and two 
independent coders coded a random 20% of the observations to estimate interrater reliability. 
For their participation, families received €20 for the first two visits and €40 for the third one. 
The study protocol received approval from the Institutional Review Board in the (METC UMC 
Utrecht, protocol number 11-320/K).



47

Hard to Handle

Measures

Child Negative Emotionality
During each wave of the study, parents filled out the Dutch version of the Children’s Behavior 
Questionnaire – Very Short Form (CBQ-VSF; Putnam & Rothbart, 2006) to assess children‘s 
temperament, intended to measure the three broad dimensions of temperament. The present 
study only made use of parental ratings of negative emotionality. We used the data from T1. 
The subscale consists of 12 items (e.g., “Gets quite frustrated when prevented from doing 
something s/he wants to do”). Parents indicate how much each item applies to their child on 
a 7-point Likert scale (1 = extremely untrue of your child to 7 = extremely true of your child) or 
by choosing not “applicable”. Total scores were formed by averaging across the relevant item 
scores. The psychometric properties of Dutch version of the CBQ-SF have been assessed, 
showing adequate internal consistency and similar factor loadings to the original scale 
(Sleddens et al., 2011). Reliability of the negative emotionality scale in the current study was 
acceptable (α = 0.73).

Parenting Practices
Parent Reports. Supportive and harsh parenting practices were measured using the 
Dutch version of The Parenting Practices Inventory at T2 (PPI; Webster-Stratton, 2001). The 
questionnaire consists of 15 subscales, each containing several items, designed to measure 
parenting skills and discipline styles of parents with children aged 6-12 years old (e.g., “How 
likely is it that you respond to this behavior in one of the following ways”). Harsh parenting 
practices were assessed using the subscales Harsh and Inconsistent Discipline (15 items; e.g., 
“Threatening but not punishing”) and Physical Punishment (6 items, e.g., “Slapping or hitting 
when misbehavior occurs”). Furthermore, the subscales Positive Verbal Discipline (9 items; 
e.g., “Discussing the problem with the child”) and Praise and Incentives (11 items; e.g., “Giving 
a hug or a compliment”) were used. In order to create overall scores for the two measures, the 
average score across the items making up each measure was calculated using parent reports. 
Reliability for the harsh and supportive parenting scales in the current study was good (α = 0.76 
and α = 0.83, respectively).

Observation. Measures of observed harsh parenting and supportive practices were 
acquired using the Dyadic Parent-Child Interaction Coding System at T2 (DPICS; Robinson 
& Eyberg, 1981; Webster-Stratton, 1989). Parent-child dyads were videotaped playing with a 
fixed set of toys in their homes for four 5-minute periods, consisting of free play, child-directed 
play, parent-directed play, and clean up. The free play period was used to make parent-child 
dyads feel comfortable with being observed and was therefore not coded. Measures of harsh 
parenting practices consisted of 6 items (i.e., physical intrusive, physical negative, critical 
statement, negative command, indirect command with no opportunity to comply, and direct 
command with no opportunity to comply). Supportive parenting practices were assessed using 
7 items (i.e., acknowledgment, descriptive question, descriptive comment/encouragement, 
unlabeled praise, labeled praise, parent positive affect, and physical positive). Total scores 
for the two measures were formed by calculating a sum score for the items that indicated how 
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frequently parents showed harsh parenting practices and warm and supportive parenting 
practices. The interrater reliability for both types of observed parenting practices was excellent 
(intraclass correlations ranged from 0.96 to 0.97 for supportive parenting and 0.85 to 0.93 for 
harsh parenting across all time points).

Child Disruptive Behavior
Parent Reports. Child disruptive behavior was assessed using the Dutch version of the Eyberg 
Child Behavior Inventory at T3 (ECBI; Eyberg & Pincus, 1999; Weeland et al., 2018). The present 
study used the intensity subscale of the questionnaire, consisting of 36 items intended to 
measure the frequency of disruptive behavior (e.g. “Teases or provokes other children”) of 
children aged 2 to 16 years old. Parents reported how often each behavior currently occurred 
using a 7-point Likert scale (1 = never to 7 = always). A total score for parent-reported disruptive 
behavior was created by averaging across the item scores. The reliability of the intensity scale 
was good in the current study (α = 0.87).

Observation. Child disruptive behavior was also observed and coded using DPICS. Again, 
we used data from T3. Five items (i.e. indirect command noncompliance, direct command 
noncompliance, cry-whine-yell, physical negative behavior, and destructive behavior) were 
used to form a total sum score, reflecting the frequency of observed disruptive behavior. 
Interrater reliability, based on intraclass correlation, for the observational measures was 
moderate (0.70).

Family Socioeconomic Status

A family socioeconomic status index was created using measures of parental education and 
occupation from T1. Parents reported their highest completed level of education using a 4-point 
scale ranging from 1 (primary education) to 4 (university or college of applied sciences). The 
occupational status of the participating parent was coded using the International Socio-
Economic Index (ISEI-08). The ISEI-08 is an internationally standardized scale that has 
been widely used in large comparative studies across countries, such as PISA assessments 
(Ganzeboom & Treiman, 2010). The original scale ranges from 10 (e.g., farmers, kitchen helpers) 
to 89 (e.g., judges, medical doctors) with a higher score indicating an occupation of higher 
status. Parental occupations were coded on a scale from one to eight in the present study. 
The educational and occupational scores for each participant were subsequently summed 
together to create a compound SES score that ranged from two to 12, with a higher score 
representing higher family SES.

Statistical Analyses

To answer the research questions, we ran moderated mediation analyses using Hayes’ 
PROCESS macro (Hayes, 2017) in R (version 4.2.1; R Core Team, 2021). We examined whether 
child negative emotionality was associated with disruptive child behavior through the 
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indirect effects of parenting behavior and whether family socioeconomic status moderates 
that relationship. Negative emotionality (T1) was entered as predictor variable and disruptive 
behavior (T3) as outcome variable in the models, with parenting behavior (T2) and family 
socioeconomic status (T1) as mediator and moderator, respectively. We tested four models in 
total, examining the longitudinal model for both harsh and supportive parenting and testing 
separate models for parent-reported and observational measures of parenting and disruptive 
behavior. As boys tend to show elevated levels of disruptive behavior compared to girls (Miner 
& Clark-Stewart, 2008), we controlled for child gender in each of the models, along with 
intervention status. We used bootstrapping with 10,000 samples redrawn to estimate the 95% 
confidence intervals for the moderated mediation effects. The “mice” package in R (Van Buuren 
& Groothuis-Oudshoorn, 2011) was used to multiply impute missing values for all three waves of 
the data (see Supplementary Materials for more detailed information about handling of missing 
data). All reported analyses were preregistered (see: AsPredicted registration #98764). Data, 
study materials, and analysis code are available upon request.

Results

The supplementary materials present descriptive statistics and Pearson correlations in Tables 
1 and 2. Negative emotionality was correlated significantly with parent-reported disruptive 
behavior at T1 and T3, which was in the expected positive direction. However, negative 
emotionality was not associated with either harsh or supportive parenting. Furthermore, family 
SES was correlated significantly with both parent reported and observed harsh parenting at 
T2, which was in the expected negative direction. Yet, SES was also negatively associated 
with parent-reported supportive parenting at T2, which was unsuspected.

Harsh Parenting

Full model results for both parent-reported and observed harsh parenting practices are 
presented in Table 3, and Figures 1 and 2 in supplementary materials depict the moderated 
mediation models.

Parent-Reported Measures
The model including parental reports accounted for 4% of the total variance in harsh parenting 
(F(5, 380) = 3.10, p < .01) and 9% of the variance in disruptive behavior in children (F(6, 
379) = 5.76, p < .001). When looking at direct effects, the results showed that parents who 
reported their children to be high in negative emotionality at T1 also indicated that their children 
showed high rates of disruptive behavior at T3. However, parents’ view of their children‘s 
negative emotionality at T1 was not associated with the levels of harsh parenting practices 
that they self-reported at T2. Self-reported harsh parenting practices did, however, predict 
later disruptive child behavior. Parents who reported high levels of harsh parenting at T2 also 
perceived their children to be highly disruptive at T3. There was no evidence for a moderation 
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effect of family SES, neither for the relationship between children‘s negative emotionality and 
harsh parenting nor for the relationship between harsh parenting and disruptive behavior in 
children.

The moderated mediation analyses showed that harsh parenting practices did not mediate 
the relation between children’s negative emotionality and disruptive behavior when using 
parent reports, regardless of family SES: an indirect effect was absent for both families who 
scored low (-1 SD) on SES (b = 0.00, SE = 0.01, bootstrapped 95% CI [-0.2; 0.2]) as well as 
families who scored high (+1 SD) on SES (b = 0.02, SE = 0.01, bootstrapped 95% CI [0.00; 0.04]).

Observational Measures
The model including observational measures explained 4% of the total variance in harsh 
parenting (F(5, 380) = 3.16, p < .01) and 4% of the variance in disruptive behavior in children 
(F(6, 379) = 2.35, p < .05). The results indicated that how parents reported their children’s 
negative emotionality at T1 was not related to the amount of disruptive behavior that children 
showed at T3. The children’s negative emotionality was also not associated with how much 
harsh parenting their parents displayed at T2. However, the level of harsh parenting that 
parents showed was related to later observed disruptive child behavior. Parents who showed 
higher levels of harsh parenting practices at T2 had children who displayed higher levels 
of disruptive behavior at T3. Family SES did not have a moderating effect as neither the 
relationship between children‘s negative emotionality and harsh parenting nor the relationship 
between harsh parenting and disruptive behavior in children depended on family SES.

The results from the moderated mediation analyses did not indicate that harsh parenting 
practices mediated the association between children‘s negative emotionality and disruptive 
behavior, regardless of family SES (i.e., families who scored low (-1 SD) on SES (b = -0.01, 
SE = 0.07, bootstrapped 95% CI [-0.15; 0.13]); families who scored high (+1 SD) on SES (b = 0.05, 
SE = 0.07, bootstrapped 95% CI [-0.08; 0.18]).

Supportive Parenting

Full model results for both parent-reported and observed supportive parenting practices are 
presented in Table 4, and Figures 3 and 4 in the supplementary materials depict the moderated 
mediation models.

Parent-Reported Measures
The model using parental reports accounted for 9% of the total variance in supportive 
parenting (F(5, 380) = 7.92, p < .001) and 6% of the variance in disruptive behavior in children 
(F(6, 379) = 3.66, p < .01). The results revealed that a direct positive effect of children‘s 
negative emotionality on disruptive behavior was present. Children who were rated as high 
in negative emotionality by their parents at T1 were also reported by their parents to show more 
disruptive behavior at T3. Negative emotionality in children, however, did not predict parent-
reported supportive parenting behavior at T2. How parents reported their children’s negative 
emotionality was thus unrelated to their self-reported supportive parenting practices. The level 
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of self-reported supportive parenting practices at T2 was also not associated with how parents 
viewed their children’s disruptive behavior at T3. There was no evidence of a moderation 
effect, as neither the relation between negative emotionality and supportive parenting nor 
the relation between supportive parenting and disruptive behavior depended on family SES.

The results did not indicate that the link between children‘s negative emotionality and 
disruptive behavior was mediated by supportive parenting when using parental reports, 
regardless of family SES (i.e., families who scored low (-1 SD) on SES (b = 0.00, SE = 0.00, 
bootstrapped 95% CI [-0.1; 0.1]); families who scored high (+1 SD) on SES (b = 0.00, SE = 0.00, 
bootstrapped 95% CI [-0.01; 0.01]).

Observational Measures
The model using observational measures explained 6% of the total variance in supportive 
parenting (F(5, 380) = 4.48, p < .001) and 1% of the variance in disruptive behavior in children 
(F(6, 379) = 0.66, p = .68). The results showed that there was no direct effect of negative 
emotionality on observed disruptive behavior: the way parents reported on their children’s 
negative emotionality at T1 was not associated with the level of disruptive behavior that the 
children showed at T3. Likewise, children’s negative emotionality was unrelated to the amount 
of supportive parenting practices that parents displayed at T2. Furthermore, those observed 
supportive parenting practices were, in turn, unrelated to the level of disruptive behavior that 
their children showed at T3. Neither the relation between children’s negative emotionality 
and observed supportive parenting practices nor the relation between observed supportive 
parenting practices and observed children’s disruptive behavior was dependent on family SES.

When testing whether observed supportive parenting practices mediated the association 
between children‘s negative emotionality and the level of disruptive behavior children showed, 
there was no evidence for an indirect effect for either families who scored low (-1 SD) on SES 
(b = 0.03, SE = 0.05, bootstrapped 95% CI [-0.7; 0.13]) or families who scored high (+1 SD) on 
SES (b = 0.01, SE = 0.03, bootstrapped 95% CI [-0.05; 0.07]).

Sensitivity Analyses

As we used experimental data from a randomized controlled trial (RCT) and treated it as 
longitudinal, we performed sensitivity analyses in which we tested the models with only 
the control group data. Additionally, we ran another set of sensitivity analyses in which we 
controlled for disruptive behavior at T1. Results were generally consistent with our primary 
analyses. The one exception was that while we did not find any SES moderation effects, the 
sensitivity analysis with only the control group showed that SES moderated one relationship 
in the model. More specifically, we found that parents of children showing more negative 
emotionality at T1 provided more supportive parenting at T2, but only in families who scored 
low (-1SD) on SES (b = 5.00, SE = 2.09, p = 0.017). See supplement materials Tables 5 and 6 for 
detailed reports of the results of the sensitivity analyses.
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Discussion

This study tested whether children’s negative emotionality indirectly affected disruptive 
behavior through harsh and supportive parenting behavior, and examined whether this 
developmental cascade varied by family socioeconomic status. Taken as a whole, the results 
of the current study did not show support for such a longitudinal cascade model. Neither 
harsh nor low-supportive parenting practices were found to mediate the relationship between 
children‘s negative emotionality and disruptive behavior, with this finding being observed for 
both families of low and high socioeconomic status.

When looking at separate effects in the conceptual model, our results were partly as 
expected and in line with those of Kim and Kochanska (2021). Specifically, we found that 
children‘s negative emotionality did predict reported disruptive behavior, but not observed 
disruptive behavior, as children who were high in negative emotionality later showed increased 
disruptive behavior. This might be explained by the different sources of information: While 
parent reports provide a general account of their child‘s temperament across multiple contexts, 
observer reports of disruptive behavior reflect child behavior during very restricted situations 
and limited timeframes (Hartley et al., 2011). Indeed, recent studies have found low agreement 
between observational and parent-reported measures of child disruptive behavior, indicating 
a high discrepancy between the two measurement types (Hendriks et al., 2018; Moens et al., 
2018). Also, perhaps due to the structured and playful nature of the observational situations, 
very few children in the study showed high rates of disruptive behavior, which indicates that 
more challenging tasks are needed to evoke noncompliance and disruptive behavior (Rusby 
et al., 2015).

In addition, we found no evidence for an evocative effect of children’s negative emotionality 
on parenting behavior. This lack of a child-driven effect is in contrast with previous findings 
that have shown negative emotionality to predict both increased harsh parenting and/or less 
supportive parenting (Kim & Kochanska, 2020; Paulussen-Hoogeboom et al., 2007). One 
plausible explanation for this finding is differences in children’s age between the current study 
and previous studies. Most studies on the evocative effect of children’s negative emotionality 
on parenting behavior have focused on infants and early childhood, with few studies examining 
the relationship for middle childhood and beyond (Kiff et al., 2011). Moreover, longitudinal 
studies for this age group are scarce and findings so far show mixed results (Vertsberger et al., 
2019). Since children’s negative emotionality is often differently expressed in middle childhood 
compared to early childhood (Collins et al., 2002), it is important to further investigate the 
relationship between negative emotionality and parenting during this age period.

As consistently shown in previous studies (Kim & Kochanska, 2020; Pinquart, 2017), harsh 
parenting practices (both parent-reported and observed) were associated with increased later 
disruptive child behavior, underscoring the robustness of the finding. Interestingly, supportive 
parenting was not related to disruptive behavior in children. A possible explanation for the 
lack of association between supportive parenting practices and disruptive child behavior 
in the current study may be that less optimal parenting practices have, in fact, a stronger 
effect on disruptive behavior in children. The study’s results might thus be in line with the 
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general notion that “bad is stronger than good”, a well-established finding across various 
psychological phenomena showing that some external factor considered harmful or risky 
usually has a stronger effect on people’s behavior and cognition compared something that is 
equally emotional but considered pleasant (Baumeister et al., 2001).

 Family SES was not found to moderate the relationship between child temperament, 
parenting, and child disruptive behavior. These findings are in contrast with results from the 
previously mentioned study conducted in the United States in which both of these relationships 
were found to be moderated by SES (Kim & Kochanska, 2021). These differences might, in part, 
be explained by cultural differences in SES across countries. Family SES was hypothesized to 
have a moderating effect since parents in lower SES families are expected to experience more 
stressful family circumstances that may affect their parenting, such as difficulty in accessing 
medical care, child welfare services, and other social services (Masarik & Conger, 2017). It may, 
however, be that low SES is not as strong a stressor in countries such as the Netherlands due 
to increased access to services that can be used as a source of support for these families. The 
restricted range in SES may therefore have precluded the detection of a moderation effect. 
The findings from the current study thus highlight the need for more culturally diverse studies 
that examine how the broader sociodemographic context influences the relation between child 
temperament and parenting in the development of disruptive child behavior.

The study’s findings must, however, be interpreted in light of several limitations. Although 
the study’s sample is bigger than used in previous studies testing the conceptual longitudinal 
model (e.g., Kim & Kochanska, 2021), it is still relatively modest for moderated mediation 
analyses which may have hampered our ability to detect the proposed effects. Second, 
although families were screened for disruptive child behavior, the study’s sample still consisted 
of mostly well-educated parents. This limits the generalizability of the study’s findings, as 
different results may have been obtained if the study had included families of more varied SES. 
Furthermore, we measured family socioeconomic status by combining measures of parental 
education and occupational prestige. Although our operationalization of SES was similar to 
the previously mentioned study testing the moderating role of SES (Kim & Kochanska, 2021) 
and in line with the most commonly used SES components (Letourneau et al., 2011), there is 
currently a general lack of consensus in the literature as how to measure SES. Some evidence 
suggests that the best approach is to examine the effects of these SES components separately 
instead of creating a composite measure (Callahan & Eyberg, 2010; Diemer et al., 2013). It 
might thus be informative to test the conceptual model not only across different cultures but 
also by using individual indicators of SES.

In spite of these limitations, the current study contributes to the literature by using both 
parent reports and observational measures to test the effect of family SES on a conceptual 
model of how children‘s negative emotionality is linked to disruptive behavior through the 
effects of parenting behavior. Previous studies have mostly been limited to either harsh or 
supportive parenting practices and did not include observational measures. In addition, few 
have accounted for the role of SES in the developing parent-child dyads. Secondly, we were 
able to test the longitudinal nature of the model as child temperament, parenting behavior, and 
disruptive child behavior were all measured at different time points. Moreover, we examined 
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the effect of family SES on the relationship between child temperament, parenting behavior, 
and disruptive child behavior by performing a relatively stringent test of the conceptual model. 
We estimated the direct effect of family SES on parenting and disruptive behavior, thereby 
possibly reducing the ability to detect a moderation effect of SES in our analyses.

Extending current knowledge on the mechanisms involved in the etiology of disruptive 
child behavior is important for the development of prevention and intervention programs. 
Our results suggest that although children‘s negative emotionality and harsh (but not low-
supportive) parenting practices are both associated with later disruptive child behavior, 
parenting behavior may not be the key mechanism by which children‘s negative emotionality 
and disruptive behavior are linked. Children who showed high negative emotionality were 
not “hard to handle” as parenting behavior was independent of the child’s temperament, 
regardless of family socioeconomic background. It seems that even in the face of demanding 
child behavior, in this sample, most parents are, in fact, able to respond appropriately.
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Abstract

Child temperament has long been viewed as a potential susceptibility factor in the link 
between parenting and child disruptive behavior (CDB). Specifically, the idea is that children 
with higher negative emotionality, surgency, and lower effortful control are more affected by 
their received parenting, but experimental evidence is scarce. Also, others have argued that 
child temperament might not be a susceptibility factor but a factor that can change through 
parents’ participation in a parenting intervention. To test both hypotheses, we analyzed pretest, 
posttest, and 4-month follow-up data from 386 mostly Dutch parents, mainly mothers (92%) 
(Mage = 38.1, SD = 4.8) with children (Mage = 6.31, SD = 1.33; 54.2% boys). The children had 
above-average disruptive behavior (i.e., ≥ 75th percentile ECBI; Eyberg & Pincus, 1999). The 
families participated in an RCT of the Incredible Years (IY) parenting program. Hierarchical 
regression analyses showed that child temperament did not moderate IY intervention effects 
on CDB. Furthermore, parallel process analyses showed that the IY intervention led to direct, 
simultaneous decreases in both negative emotionality and CDB. These findings counter 
the widely held belief that temperament traits are static, unchangeable modulators of the 
links between parenting and child disruptive behavior. Instead, child temperament (negative 
emotionality) can at least partly be influenced by parents’ participation in a parenting program.

Keywords: temperament; disruptive behavior; Incredible Years; parenting; RCT
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Introduction

Early onset disruptive behavior in children, characterized by disobedience, verbal and physical 
aggression, oppositional behavior, and an irritable mood state, is a known risk factor for 
clinical diagnoses of externalizing disorders in young adulthood when left untreated (Caspi 
et al., 2020). Furthermore, it increases the likelihood of health problems, substance abuse, 
financial hardship, and delinquency in adulthood, leaving high emotional and financial costs to 
individuals and society in its wake (Moffitt et al., 2011). Even though in normative development, 
disruptive behavior and negative emotionality decrease with age in childhood (Baillargeon 
et al., 2012; Murphy et al., 1999; Olson et al., 2017), negative parenting, when parents apply 
harsh and physical disciplining strategies and lack parental warmth and sensitivity, has 
been identified as an important contributor to the increase of children’s disruptive behavior 
(Pinquart, 2017). In contrast, experiencing more positive parenting, such as warm, supportive, 
and responsive parenting behavior, is related to less disruptive behavior in children (Boeldt et 
al., 2012). However, not all children respond the same to their received parenting, and scholars 
have argued that responsiveness to parenting might depend on a child’s temperament (Belsky 
et al., 2007). Experimental evidence for this idea is scarce (Slagt et al., 2016). Furthermore, 
some scholars have argued that child temperament is not only a moderator of the relationship 
between parenting and child disruptive behavior but that temperamental and disruptive 
behavior develop in tandem (for example, Overbeek, 2017; Rettew & McKee, 2005). We will test 
this idea using an experimental design. We pose that children’s temperament and children’s 
disruptive behavior can change through an intervention.

Temperament as Susceptibility Factor

Child temperament is defined as “constitutionally based individual differences in reactivity 
and self-regulation, in the domains of affect, activity, and attention” (Rothbart & Bates, 2006, 
p. 100). A challenge in research including child temperament is the existence of various 
different, overlapping temperament conceptualizations. In this study, we chose to use the 
three dimensions of negative emotionality, effortful control, and surgency, as it is possible to 
link these dimensions to disruptive behavior and psychopathology and because they have a 
long history in temperament research (Rettew & McKee, 2005). Negative emotionality entails 
the tendency to be easily distressed, which encompasses emotions of fear, worry, sadness, 
discomfort, anger, frustration, and irritability (Putnam, Ellis, & Rothbart, 2002). Next, effortful 
control can be defined as the capacity children have to inhibit a certain response, be able 
to direct attention and regulate emotions and behaviors (Rothbart & Bates, 2006). Finally, 
surgency includes the tendency to be, or not be, effortlessly and actively involved with their 
environment. Those high on surgency tend to approach novelty, enjoy intense activities, and 
be sociable, active, and impulsive (Putnam et al., 2002). Although scholars often assumed that 
temperament is stable over time (Komsi et al., 2006; Putnam et al., 2008), research has also 
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shown that the expression of the specific behavior linked to temperament dimensions can 
vary across ages (de Pauw & Mervielde, 2017; Soto & Tackett, 2016).

Various theories inspired researchers to test the effect of parenting on children’s 
behavior, including child disruptive behavior, and to see whether it is moderated by child 
temperament. Examples of those theories are the differential susceptibility theory (Belsky, 
1997), the diathesis-stress model (Monroe & Simons, 1991), and the vantage sensitivity model 
(Pluess & Belsky, 2013). The differential susceptibility theory states that children with specific 
temperamental characteristics are more susceptible to their environment than others, for 
better and for worse (Belsky et al., 2007; Ellis et al., 2011). For instance, children with a difficult 
temperament, compared to children with an easier temperament, show more disruptive 
behaviors when parenting quality is low and fewer disruptive behaviors when parenting quality 
is high (e.g., Bradley & Corwyn, 2008; van Aken et al., 2007). The diathesis-stress model 
argues that children have specific characteristics (e.g., difficult temperament) that make them 
disproportionately vulnerable to stressors in their environment (including negative parenting) 
(Monroe & Simons, 1991). When a diathesis is activated by a stressor (e.g., harsh parenting), it 
leads to disruptive behavior in the child, specifically for children with a difficult temperament 
(Roisman et al., 2012). In contrast to the diathesis-stress model, the vantage sensitivity model 
states that some children, like children high in negative emotionality, are especially sensitive 
and positively responsive to environmental advantages. For instance, research demonstrated 
that children high in negative emotionality within a positive parenting environment had 
significantly more social and academic skills than children with the same characteristics in 
a negative parenting environment. In contrast, children with less negative emotionality did 
not benefit, or at least did not benefit to the same extent, from positive parenting (Pluess & 
Belsky, 2013).

A recent meta-analysis tested the moderating effect of temperament on the associations 
between positive and negative parenting and (among other) child externalizing problem 
behavior (Slagt et al., 2016). Concerning negative emotionality, the results showed that 
children higher on negative emotionality responded more strongly to both negative and 
positive parenting compared to children lower on negative emotionality, providing evidence 
in favor of temperament as a (differential) susceptibility factor. Regarding effortful control, the 
results showed that associations between positive parenting and externalizing problems were 
stronger for children low on effortful control, providing evidence for individual differences in 
environmental sensitivity. Finally, the level of children’s surgency did not seem to matter in the 
relationship between parenting and externalizing problems. However, earlier studies rarely 
assessed surgency, so only a few studies on this trait were included in the meta-analysis. 
Also, it is important to consider that a vast majority of the 84 studies included in this meta-
analysis had correlational study designs, and only a few exceptions were experimental (Slagt 
et al., 2016). This implies certain limitations. Correlational studies are informative in generating 
expectations about crucial moderators. However, experimental studies are necessary to see if 
there are causal relations between variables and no alternative explanations (van IJzendoorn 
& Bakermans-Kranenburg, 2012). The current study is such an experimental study.
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In particular, we investigated the moderating role of temperament by using data from 
a randomized controlled trial. In this trial, the effectiveness of the parenting program 
Incredible Years was studied (Chhangur & Weeland et al., 2012). Earlier research, including 
a meta-analytic review, has shown that this intervention effectively reduced child disruptive 
behavior (mean effect size of d = .27) (Menting et al., 2013) and increased positive parenting 
behavior (Weeland et al., 2018). Weeland and colleagues (2018) also investigated whether the 
mechanisms of change (i.e., improved parental positive affect and parenting behavior) were 
more important for some children than others because of children’s temperamental negative 
emotionality but did not find evidence for this moderating role. However, this is only one 
dimension of the temperament construct, while the other dimensions also appear to play an 
important role. For instance, children low in effortful control are more likely to show disruptive 
behavior, even more so for children within negative parenting environments (Olson et al., 2017). 
Additionally, a recent study by Brown and colleagues (2022) found that for children with an 
“exuberant” temperament profile (high in surgency and low in effortful control), the relation 
between disruptive behavior and negative parenting intensified. Children with this profile in 
a negative parenting environment indeed had more disruptive behavior (Brown et al., 2022). 
We will therefore test the moderating role of child temperament with all three dimensions (i.e., 
negative emotionality, effortful control, and surgency) on the relation between a parenting 
intervention and child disruptive behavior in an experimental design to gain more insight into 
the role of the three temperament aspects.

Parent Intervention Induced Changes in Child Temperament and 
Disruptive Behavior

Temperament is defined as relatively stable across time and situations, and early childhood 
temperamental traits indeed predict later child temperament (Komsi et al., 2006; Putnam 
et al., 2008) and even adult personality (Blatny et al., 2007). Child temperament has mainly 
been investigated as an individual difference factor that may predict important outcomes. 
For instance, children low in effortful control and high in negative emotionality have been 
shown to have more often employment and relational difficulties, have more brushes with 
the law, and suffer more often from substance abuse and health problems in adulthood 
compared to children scoring on the other end of these dimensions (Caspi, 2000). However, 
it has also become clear that temperament and/or personality can change over time due to 
life experiences, such as relationship factors, stressful life events, and work experiences (van 
Aken et al., 2006; Shiner et al., 2017).

Next to these life experiences, research has shown that temperament can also change 
through parenting (Klein et al., 2018; van den Akker et al., 2010, 2014) and that these changes 
in child temperament predict child outcomes (for a review, see Kiff et al., 2011). For instance, 
more harsh parenting is related to increases in negative emotionality in children. Also, more 
parental control, specifically psychological control, is related to more negative reactivity across 
childhood. Concerning effortful control, the review by Kiff et al. (2011) showed that parental 
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responsiveness, consistency, and warmth in early childhood predicted higher effortful control, 
but only in infancy and preschool years. Finally, impulsivity, as a part of surgency, appears 
to improve when parenting is clear, consistent, and non-punitive (Kiff et al., 2011). When 
we translate this knowledge to parenting interventions, we would expect that an effective 
parenting intervention would lead to changes in negative emotionality, effortful control, and 
surgency. Empirical evidence for this idea comes from different studies. Specifically related to 
surgency, a randomized controlled trial (RCT) with children high in temperamental inhibition 
and meeting diagnostic criteria for an anxiety disorder (according to DSM-IV) showed that 
when parents received the parenting intervention Cool Kids Program, their children not only 
decreased in the frequency and severity of anxiety disorder but also showed a reduction 
in inhibited temperament (Kennedy et al., 2009). Another RCT, testing an intervention that 
consisted of common elements for parent programs targeting conduct problems (Somech & 
Elizur, 2012), also showed that the parenting program led to decreases in disruptive behavior as 
well as increases in children’s effortful control. Concerning negative emotionality, correlational 
studies have found that parenting is related to changes in negative emotionality; a longitudinal 
study with preschoolers showed that maternal negativity predicted increases in child frustration 
(as a part of negative emotionality) over time and that child frustration and maternal negativity 
both predicted adjustment problems (Klein et al., 2018). Even though these studies partly show 
that parenting and changes in parenting can predict changes in temperamental outcomes, 
it must be noted that they targeted different child problem behaviors (e.g. anxiety, conduct 
problems). To be able to determine whether disruptive behavior can change with temperament 
after a parenting intervention, more RCT research appears necessary.

We are the first to test both hypotheses (temperament as a moderator of parenting 
intervention effectiveness or as an outcome of a parenting intervention) within one study. While 
doing so, we controlled for age, as disruptive behavior and child temperament can change a 
part of normative development (Baillargeon et al., 2012; Murphy et al., 1999; Olson et al., 2017). 
Firstly, we tested the moderating role of child temperament (i.e., negative emotionality, effortful 
control, and surgency) on the relation between a parenting intervention and child disruptive 
behavior. Specifically, we hypothesized that a decrease in child disruptive behavior differs 
for children with various temperament dimensions: Children high in negative emotionality 
and surgency and/or low in effortful control may reap more benefit from the intervention 
and thus show a stronger decrease in disruptive behavior compared to children without 
these characteristics. Secondly, we investigated whether an effective parenting intervention 
decreases children’s disruptive behavior, simultaneously with child temperament. Specifically, 
we expected a decrease in disruptive behavior and negative emotionality and an increase in 
effortful control. We tested surgency exploratory, as we do not know whether we can expect a 
change in this dimension in the context of this specific parenting program. Although the Cool 
Kids program studied by Kennedy and colleagues (2009) did lead to lower temperamental 
inhibition, it must be noted that this was with a very different intervention (i.e., focusing on 
how parents can manage their child’s anxiety) with very different behavioral problems (i.e., 
clinical levels of child anxiety).
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Methods and materials

Participants

Participants of this randomized controlled trial (RCT) were 386 parents with their children 
who took part in the Observational Randomized Controlled Trial on Childhood Differential 
Susceptibility (ORCHIDS) study. For more detailed information about the study design and 
sample characteristics, see Chhangur and Weeland et al. (2012). At the pretest, children (54.2% 
boys) were between 4 and 8 years old (Mage = 6.31, SD = 1.32) and were primarily born in the 
Netherlands (96.9%). Parents (92% mothers) were between 23 and 51 years old (Mage = 38.09, 
SD = 4.83) and were primarily highly educated (50.8% with a college degree or higher). Most 
participating parents were married or lived together (87.0%) and worked part-time (90.5%). 
See Table 1 for more details.

Procedure

The families were recruited in two cohorts via two Dutch regional healthcare organizations. 
In the first screening phase, parents of 26,084 children aged 4–8 received the Eyberg Child 
Behavior Inventory questionnaire (ECBI; Eyberg & Pincus, 1999) to assess the parent-reported 
intensity of their child’s disruptive behavior. In total, 5,874 questionnaires were returned in 
time (response rate: 22.5%). Parents scoring their child at or above the 75th percentile on the 
ECBI intensity scale (n = 1,524) were eligible for inclusion. If parents reported moderate-to-
high levels of externalizing behavior of multiple children within a family, the child with the 
highest ECBI intensity score was selected. A total of 1,393 mother-child or father-child dyads 
received an invitation to participate, and of this group, 46% (n = 387) agreed to participate. 
Participating families did not significantly differ from non-participating families regarding 
demographic characteristics and parenting behavior. However, the ECBI scores of participating 
and non-participating children slightly differed, in that child disruptive behavior problems were 
higher in participating families compared to non-participating families (Weeland et al., 2017). 
Furthermore, one family’s response appeared empty on inspection and was deleted from the 
set. We, therefore, ended up with 386 participants in the study.
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Table 1 Sociodemographic Characteristics of Participants at Baseline

Condition t or χ2 p-value
Total IY Control
N = 386 n = 196 n = 190

Age child (M;SD) 6.3;1.3 6.3;1.4 6.3;1.3 .04 .97
Gender child (Boy) 54.5% 57.7% 51.1% 1.71 .19
Ethnicity child 
(Dutch

96.9% 96.4% 97.4% .28 .60

Ethnicity mother 
(Dutch)

81.3% 77.6% 85.3% 3.78 .05

Ethnicity father 
(Dutch)

81.9% 80.1% 83.7% .83 .36

Age participating 
parent (M;SD)

38.1;4.8 38.0;4.9 38.2;4.8 -.30 .76

Gender 
participating parent 
(Female)

92.0% 92.3% 91.6% .08 .78

Highest education 
mother

College degree or 
higher

50.8% 48.5% 53.2% .85 .34

Highest education 
father

College degree or 
higher

47.1% 46.2% 48.1% .15 .70

Work status of 
participating parent

3.48 .18

Employed part-time 90.5% 93.2% 87.6%
Employed full time 9.5% 6.8% 12.4%
Stay-at-home 
parent

28.0% 26.0% 30.0%

Marital status 3.88 .14
Married/living 
together

87.0% 85.6% 88.4%

Single 8.8% 11.3% 6.3%
Other1 4.2% 3.1% 5.3%

1 New family constellation (n = 4), new relationship (n = 3), registered partnership (n = 5), divorced (n = 2), 
long distance relationship (n = 1), mother living with grandmother (n = 1).

The RCT consisted of three measurements: pretest before randomization; posttest 
immediately after intervention (i.e., 4 months after pretest); and follow-up 4 months after 
intervention (i.e., 8 months after pretest). During each measurement, parents filled in online 
questionnaires to measure parent and child behavior. Families were visited by a researcher 
or trained assistant to videotape a structured play situation (four 5-minute play sessions: free 
play, child-directed play, parent-directed play, and clean up). After the first home visit, families 
were randomly assigned to either the control group (n = 190) or the intervention group (n = 196). 
Parents in the intervention group received the Incredible Years parent training. Parents in the 
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control group were approached to ask whether they needed any parenting support or other 
mental health services. If so, they were directed to relevant contact points (care as usual). 
The ORCHIDS study was approved by a relevant IRB in the Netherlands (METC UMC Utrecht, 
protocol number 11-320/K). The trial was preregistered (NTR 3594), and information about the 
study design, background, measures, and a priori hypotheses was published open access 
(Chhangur & Weeland et al., 2012) at the outset. Data and study materials (e.g., syntaxes) on 
this specific study can be requested by contacting the first author of this paper.

Intervention

The Incredible Years (IY) parenting intervention is designed to prevent and intervene in the 
development of child externalizing problems by reducing harsh and unresponsive parenting 
and increasing positive and warm parenting (Webster-Stratton et al., 2008). The intervention 
is a group behavioral parent training and consists of 14 weekly sessions and one booster 
session after one month after finishing the intervention. Following the IY procedure, each 
group was led by two group leaders, who served as a facilitator rather than experts by 
focusing on empowerment instead of “training” the parents. At least one of the group leaders 
was an experienced and certified Incredible Years group leader, and all main leaders had 
a background in clinical child psychology. Issues and topics addressed in the intervention 
included parents’ child-directed play, their coaching of social behaviors and emotions, their use 
of praise, rewards, and incentives to reinforce appropriate behavior, and their consistency in 
using appropriate, noncorporal discipline practices. During the sessions, parents watched and 
discussed videos of parent–child interactions, engaged in role plays, and debated experiences 
in their families in small subgroups. After each session, parents received exercises to practice 
at home, read relevant literature, and practice behavior management skills with their child. 
Protocol adherence, which was monitored by a protocol checklist of session elements, was, 
on average, 86%. Previous analyses on this ORCHIDS sample (Weeland et al., 2017) showed 
that parents in the intervention group increased in reported positive parenting (post-test: 
d = .49; follow-up: d = .45) and decreased in reported negative parenting (post-test: d = .29; 
follow-up: d = .25).

Measures

Child Disruptive Behavior
Child disruptive behavior, characterized by disobedience, verbal and physical aggression, 
oppositional behavior, and an irritable mood state, was measured using the ECBI (Eyberg & 
Pincus, 1999). The ECBI is a widely used and validated instrument to assess the frequency 
and severity of children’s disruptive behaviors between the ages of 2 and 18 (Funderburk et 
al., 2003). The ECBI was conducted at pretest, posttest, and follow-up, based on parents’ 
self-reports. It consists of 36 items and yields an intensity subscale that measures parent-
reported frequency of children’s disruptive behavior on a Likert scale from 0 (never) to 7 
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(always) and a problem subscale that asks parents whether they experience the specific 
behavior as problematic (0 = no, 1 = yes). We only used the intensity subscale for this study, as 
we are interested in actual behavior. The ECBI asks parents about disruptive behaviors such as 
temper tantrums, whining, and oppositional behavior (refusing to do specific tasks). Example 
items of the intensity subscale are: “My child often acts defiant when told to do something”, 
“My child often teases or provokes other children”, and “My child constantly seeks attention”. 
Higher scores indicate higher levels of disruptive child behavior. Cronbach’s alphas were .89, 
.90, and .91 at the pretest, posttest, and follow-up. Previous research showed that the ECBI 
has satisfactory construct and convergent validity (Hukkelberg et al., 2018).

Child Temperament
Child temperament, defined as “constitutionally based individual differences in reactivity and 
self-regulation, in the domains of affect, activity, and attention” (Rothbart & Bates, 2006, p. 
100), was assessed with the 36 items long Child Behavior Questionnaire–Very Short Form 
(CBQ–VSF; Putnam & Rothbart, 2006). The CBQ-VSF assesses child temperament on three 
dimensions (negative emotionality, effortful control, and surgency). Parents scored their 
child’s temperament at the pretest, posttest, and follow-up. Previous research showed that 
the CBQ-VSF has satisfactory construct and convergent validity (Allan et al., 2013). Negative 
emotionality, measured with 12 items, reflects elevated sadness, anger, fear, discomfort, and 
lower soothability. Example items are: “gets quite frustrated when prevented from doing 
something s/he wants to do”, “is very difficult to soothe when s/he has become upset”, and 
“gets quite upset by a little cut or bruise”. Parents score the items on a Likert scale from 1 
(extremely untrue for your child) to 7 (extremely true for your child). Effortful control involves 
self-regulation, including voluntary regulation of attention and behavior, and is measured 
with 12 items. Some example items are: “when drawing or coloring in a book, shows strong 
concentration”, “is good at following instructions”, and “is quickly aware of some new item in 
the living room”. Surgency, which assesses active behavior and the tendency to act impulsive, 
is also measured with 12 items. Example items are: “often rushes into new situations”, “likes 
rough and rowdy games”, and “seems to be at ease with almost any person”. For the analyses, 
we used mean scores on the subscales. Cronbach’s alphas at pretest, posttest, and follow-up 
for the subscales were .73, .70, and .72 for effortful control, .67, .63, and .64 for surgency, and 
.67, .71, and .78 for negative emotionality.

Randomization check

Participants (child or parent) in the intervention and control conditions did not significantly 
differ in age, gender, ethnicity, parental education level, work status, or marital status (see 
Table 1). Also, children did not differ in disruptive behavior at pretest (t(>10002) = 1.89, p = .059) 
or temperamental characteristics (negative emotionality; t(>10001) = 1.48, p = .139, effortful 

2 The df for pooled test statistics are a function of N, the number of imputations, and the fraction 
of missing information.
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control; t(>10001) = -1.02, p = .309, and surgency; t(>10001) = -.97, p = .331). Also, parents did 
not differ at the pretest on dysfunctional parenting practices (t (>10001) = 1.68, p = .092) and 
positive parenting practices (t (>10001) = 0.37, p = .713). See previous work (Weeland et al., 
2017) for more details.

Analyses

Given the ubiquity of missing data due to attrition in longitudinal designs, it was no surprise 
that there were more missing data at posttest (n = 20–55 missing values, 5.18–14.25%) and 
follow-up (n = 24–57 missing values, 6.22–14.77%) than there were at pretest (n = 1–35 missing 
values, 0.26–9.07%) for the disruptive behavior items and the temperament items. Before 
describing our target analyses, we explain how incomplete data were handled.

Missing Values and Imputation Procedure
Multiple imputation is a state-of-the-art method that preserves all available information 
observed in our sample, preventing unnecessary loss of power by replacing missing values 
with a distribution of plausible values (Little et al., 2014). Multiple imputation assumes data 
are missing at random (MAR), given the observed data used to predict what values would 
have been observed. A more restrictive assumption that data are missing completely 
(i.e., unconditionally) at random (MCAR) is ideal but unnecessary, as both MCAR and MAR 
mechanisms are considered “ignorable” when using state-of-the-art methods like full-
information maximum likelihood (FIML) and multiple imputation (Schafer & Graham, 2002). 
Given the size of our data set (over a dozen constructs measured by multiple-item scales on 
multiple occasions, along with several demographic and contextual variables), we had a high 
probability of capturing useful auxiliary variables (Little et al., 2014) that would be related to any 
systematic missing mechanism, particularly attrition (i.e., what might lead a family to drop out 
of the study). It, therefore, seems reasonable to assume that at least some of our missing data 
were MAR, minimizing the negative impact of missing data, although it is also reasonable to 
assume at least some data were MCAR (also ignorable) or MNAR (potentially introducing some 
bias in our results). Given these realistic expectations, multiple imputation is the best preferred 
method, yielding the least deleterious effects of any MNAR data (Gomer & Yuan, 2023).

Uncertainty about imputed values is reflected by the variance of the distribution of 
each missing value’s imputations, which is combined with complete-data uncertainty (due 
to sampling error) using Rubin’s (1987) rules to pool standard errors. We imputed the data 
100 times (Graham et al., 2007) using fully conditional specification (FCS, a.k.a. “chained 
equations”) in the R package mice (van Buuren & Groothuis-Oudshoorn, 2011). An online 
supplement includes R syntax and a detailed account of the imputation process, so we only 
summarize the relevant information here. Fractions of missing information (FMI; Graham et al., 
2007) for scale-mean descriptive statistics are summarized in Tables 4 and 5. Specific details 
on how the data were imputed for this study can be found in a second online supplement.
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Temperament as Susceptibility Factor
The moderator hypothesis implies that the decreased child disruptive behavior through IY is 
moderated by child temperament (i.e., negative emotionality, surgency, and/or effortful control). 
The moderating effect of child temperament on the effect of IY on disruptive behavior was 
examined using multiple regression analysis in R; the mitml package (Grund et al., 2021) was 
used to pool results across multiple imputations. The independent variable was ‘treatment 
group’ (1 = intervention group, 2 = control group). The dependent variable was disruptive 
behavior. The moderators were child temperament, specified to effortful control, surgency, 
or negative emotionality at the pretest. To control whether the intervention predicts disruptive 
behavior above and beyond age, we added child age as a covariate. We first performed a 
simple regression model for each of the moderators between the pretest and posttest. This 
was followed by interactive models to rule out whether (the improved) disruptive behavior 
is dependent on child temperament. Hereafter we repeated the analyses for the measures 
between the posttest and follow-up. In all analyses, disruptive behavior at the pretest was 
entered as a predictor to reflect the effect of IY on the predictor adjusted change in disruptive 
behavior as moderated by child temperament.

Intervention Induced Changes in Child Temperament and Disruptive Behavior
Concerning our second hypothesis, we investigated whether an effective parenting 
intervention decreases children’s disruptive behavior simultaneously with temperamental 
characteristics. To examine this hypothesis, we used lavaan (Rosseel, 2012) to fit parallel-
process latent difference score (LDS) models in R; the semTools package (Jorgensen et al., 
2022) was used to pool results across multiple imputations. We fitted four contemporaneous 
developmental trajectories: one for child disruptive behavior, one for negative emotionality, 
one for effortful control, and one for surgency. We first used the LDS models to examine 
change trajectories. Next, by correlating the slopes of these variables, we examined whether 
development trajectories are correlated among each pair of variables. A significant correlation 
would imply that disruptive behavior and the specific temperamental trait indeed change 
simultaneously. Again, to control whether the intervention predicts disruptive behavior and 
change in temperament above and beyond age, we added child age as a covariate.

Results

See Table 2 (means and standard deviations) and Table 3 (correlations) for the results of 
our descriptive analyses. Before testing our hypotheses, we also ran preliminary hierarchical 
regression analyses to determine whether the Incredible Years (IY) parenting program was 
effective in reducing child disruptive behavior, and the results showed that the program was 
indeed effective (b = 0.14, SE = 0.05, t (>1000) = 3.01, p < .003). More specifically, children 
whose parents received the IY intervention showed a significantly stronger decrease in 
disruptive behavior than children whose parents did not receive the IY intervention.
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Table 2 Means and Standard Deviations of Child Disruptive Behavior and Child Temperament

Group Variable Time Pooled M FMI1 Pooled SD FMI1

Control Disruptive behavior Pretest 3.65 0.0% 0.51 0.0%
Posttest 3.51 3.3% 0.55 17.2%
Follow-up 3.42 7.6% 0.54 23.6%

Effortful Control Pretest 4.79 0.4% 0.78 6.4%
Posttest 4.70 4.5% 0.80 23.4%
Follow-up 4.75 6.5% 0.95 25.3%

Negative Emotionality Pretest 4.08 0.6% 0.85 6.3%
Posttest 3.99 5.1% 0.83 20.6%
Follow-up 3.90 7.0% 0.87 20.5%

Surgency Pretest 4.37 0.6% 0.78 7.8%
Posttest 4.36 6.4% 0.74 25.7%
Follow-up 4.43 12.3% 0.69 35.5%

Intervention Disruptive behavior Pretest 3.76 0.4% 0.55 4.5%
Posttest 3.44 8.7% 0.52 27.5%
Follow-up 3.42 11.8% 0.58 30.0%

Effortful Control Pretest 4.71 0.6% 0.79 9.3%
Posttest 4.66 13.3% 0.82 31.5%
Follow-up 4.80 12.9% 0.83 36.6%

Negative Emotionality Pretest 4.21 0.5% 0.91 6.2%
Posttest 4.06 8.4% 0.87 24.4%
Follow-up 4.07 11.4% 0.85 23.2%

Surgency Pretest 4.29 0.6% 0.82 6.9%
Posttest 4.30 11.8% 0.77 34.8%
Follow-up 4.25 13.7% 0.82 25.5%

Note. 1 Fraction of missing information
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Temperament as Susceptibility Factor

Next, we tested our first hypothesis. We examined whether children’s negative emotionality, 
effortful control, and surgency as susceptibility factors, acted as moderators within the causal link 
from participating in the parenting intervention Incredible Years to children’s disruptive behavior 
while controlling for children’s age. The hierarchical regression analyses showed no support for 
this susceptibility hypothesis (see Table 4). No significant moderator effects of child temperament 
factors were identified. This means that for children either lower or higher on negative emotionality, 
effortful control, and surgency, the IY parenting program effects are not significantly different from 
one another. Similar results were found between posttest and 4-month follow-up.

Intervention Induced Changes in Child Temperament and 
Disruptive Behavior

To test our second hypothesis, we first looked at the mean changes in disruptive behavior 
and the three temperament dimensions between the pre-and post-test and between the 
posttest and follow-up (see Table 5). Due to the imputed dataset and the multiple tests, we also 
controlled for familywise false discovery rate (FDR). For disruptive child behavior, the results 
showed that disruptive behavior significantly decreased between the pretest and posttest 
in the intervention group (Mchange = −0.34, pfdr < .001) with a large effect size (d = −1.04). In the 
control group, disruptive behavior also decreased (Mchange = −0.16, pfdr < .015), but with a more 
modest effect size (d = −0.56). Between the posttest and follow-up, there was no difference 
in the intervention group (Mchange= −0.04, pfdr = .616, d = −0.16). In the control group, disruptive 
behavior seemed to decrease further (Mchange = −0.12, p = .025). However, when we controlled 
for the FDR this effect disappeared (pfdr = .058, d = −0.51).

For child temperament, the results showed that negative emotionality decreased in the 
intervention group between the pretest and posttest (Mchange = −0.21, p = .017, d = −0.44), 
however when we controlled for the FDR, the effect disappeared to trend-level (pfdr = .054). 
Between posttest and follow-up, negative emotionality did not change in the intervention 
group (Mchange = −0.05, pfdr = .638, d = −0.13). In the control group, negative emotionality 
showed no change in either two time periods (Mchange= −0.15, pfdr = .113 Mchange= −0.15, pfdr = .129). 
Effortful control showed an increase in the intervention group between pretest and posttest 
(Mchange = 0.20, p = <.026, d = .41) but disappeared when we applied the FDR (pfdr = .058). 
Between posttest and follow-up effortful increased within the intervention group (Mchange = 0.38, 
pfdr = <.001, d = 1.11). In the control group, effortful control also increased, but only between 
posttest and follow-up (Mchange = .29, pfdr = .004, d = .77). For surgency, there were no changes in 
either the intervention group or the control group in both time periods. These results suggest 
that just like disruptive behavior, the child temperament dimension of effortful control changed 
because of the IY parenting intervention. For negative emotionality, after correction for multiple 
testing, this effect was not significant, although the effect size showed a small to moderately 
large change nevertheless.
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Table 5 Mean latent change scores for child temperament and disruptive behavior.

Group Variable Change Mean
Change

SE p p (FDR1) d

Intervention Disr. beh. Post − Pre -.34 .06 < .001* < .001* -1.04
FUP − Post -.04 .06 .494 .616  -.16

Eff. Control Post − Pre  .20 .09 .026* .058 .41
FUP − Post  .38 .09 .000* .000* 1.11

Neg. Emo. Post − Pre -.21 .00 .017* .054  -.44
FUP − Post -.05 .09 .56 .638  -.13

Surgency Post − Pre -.02 .07 .770 .770  -.07
FUP − Post -.08 .08 .299 .435  -.25

Control Disr. beh. Post − Pre -.16 .06 .004* .015*  -.56
FUP − Post -.12 .06 .025* .058  -.51

Eff. Control Post − Pre  .15 .08 .059 .113 .49
FUP − Post  .29 .09 .001* .004* .77

Neg. Emo. Post − Pre -.15 .08 .064 .113  -.40
FUP − Post -.15 .09 .081 .129  -.15

Surgency Post − Pre -.05 .07 .501 .616  -.04
FUP − Post  .04 .07 .611 .625 .12

Group
differences

Disr. beh. Post − Pre -.18 .05 < .001* .003*

FUP − Post  .09 .05 .087 .258
Eff. Control Post − Pre  .05 .07 .523 .598

FUP − Post  .09 .08 .257 .411
Neg. Emo. Post − Pre -.06 .08 .452 .598

FUP − Post  .10 .08 .213 .411
Surgency Post − Pre  .03 .06 .674 .674

FUP − Post -.12 .07 .097 .258

Note. 1 FDR indicates p values adjusted to maintain familywise false discovery rate

Second, to see whether child disruptive behavior simultaneously decreases with children’s 
temperament, we next examined the correlations between the latent change scores of negative 
emotionality, effortful control, surgency, and disruptive behavior from the pretest to posttest 
and from posttest to follow-up. Correlations between latent-change scores were significant in 
the intervention group for disruptive behavior and negative emotionality between the pretest 
and posttest (r = .28 pfdr < .01). Between posttest and follow-up correlations for disruptive 
behavior and negative emotionality were also significant, but only without controlling for 
FDR (r = .20 p < .05). The same was true within the control group: disruptive behavior and 
negative emotionality correlated significantly between posttest and follow-up, but only without 
controlling for FDR (r = .20 p < .05. Although we also expected to see a significant correlation 
between effortful control and disruptive behavior in the intervention group, we found no 
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support for this on either two time periods (p > .05). As expected, none of the correlations 
were significant in the control group on either two time periods. For surgency, there were 
no significant correlations in either the intervention or control group on both time periods. 
This suggests that, due to the intervention effect, both negative emotionality and disruptive 
behavior decrease simultaneously. All change correlations can be found in Table 6.

Table 6 Latent change score correlations between child temperament dimensions and disruptive 
behavior

d1.dis d2.dis d1.eff d2.eff d1.neg d2.neg d1.sur d2.sur
d1.disruptive behavior 1 −.32 *** −.05 −.00 .28 ** −.03 −.03 −.10
d2.disruptive behavior −.42 *** 1 .13 −.12 −.01 .20 * .06 −.08
d1.effortful control .00 .02 1 −.49 *** .14 −.01 .09 −.07
d2.effortful control −.01 −.10 −.30 ** 1 −.07 .05 −.02 −.02
d1.negative emotionality .20 * −.03 .12 −.07 1 −.45 *** .04 −.06
d2.negative emotionality .03 .18 .02 .14 −.35 *** 1 .03 .06
d1.surgency .06 −.03 .08 −.05 .06 −.16 1 −.41 ***
d2.surgency −.07 .09 −.10 .03 .05 −.02 −.42 *** 1

Note. d1= from pretest to posttest, d2= from posttest to follow-up. Upper triangle = intervention group, 
lower triangle = control group. Stars indicate significance level (* < .05, ** < .01, *** < .001). Black stars 
indicate significance of p values adjusted for multiple testing (false discovery rate), and grey stars indicate 
significance of unadjusted p values.

Discussion

The notion that there are individual differences in children’s susceptibility to changes in their 
environment is well established (Belsky et al., 2007; Boyce & Ellis, 2005; Ellis et al., 2011; 
Pluess & Belsky, 2013; van Aar et al., 2017). Even though several studies suggested that 
the effect of parenting on children’s disruptive behavior depends on child temperament 
(Karreman et al., 2009; Scott & O’Connor, 2012; Slagt et al., 2016), we did not find causal 
evidence for this. In this randomized controlled trial of Incredible Years (IY), we found no 
proof that child temperament (i.e., negative emotionality, effortful control, and surgency) 
moderates the efficacy of the parenting intervention Incredible Years. We did, however, find 
a first indication that child temperament, like disruptive behavior, may itself change as an 
outcome of a parenting intervention. Specifically, we found that children in the intervention 
group decreased in disruptive behavior, simultaneously with the temperamental characteristic 
of negative emotionality.

Even though several correlational studies find a moderating effect of temperament 
between parenting and disruptive behavior (Pluess & Belsky, 2013; Roisman et al., 2012; van 
Aken et al., 2007), experimental studies that find the same results are scarce. Those who did 
find some effects (Mouton et al., 2018; Scott & O’Connor, 2012; Slagt et al., 2017) did not include 
RCT data of parenting interventions, aimed at decreasing child disruptive behavior, or did not 
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look at all three temperament dimensions (e.g., negative emotionality, effortful control, and 
surgency), and thus are limited in providing evidence for the moderating effect of temperament 
on the link between parenting and child disruptive behavior. While we measured whether a 
parenting intervention (of which we know it led to changes in parenting; see Weeland et al., 
2017) decreased child disruptive behavior, we did not find the expected moderating effect. Our 
results were, nevertheless, in line with the majority of the meta-analytic results of Slagt and 
colleagues (2016). They found that effortful control and surgency did not moderate associations 
between parenting and child behavior. However, the same meta-analysis found that negative 
emotionality did moderate the associations between parenting and child behavior (Slagt et al., 
2016). At the same time, this finding was not robust to the effects of potential publication bias. 
Possibly more, but unpublished non-results exist, skewing the moderation effect unseemly in 
favor of temperament as a susceptibility factor.

This study yields a first indication that a parenting intervention may jointly impact child 
disruptive behavior and child temperament. This is in line with earlier research in which an 
intervention induced change in personality traits (Roberts et al., 2017). More specifically, we 
found that when parents participated in an effective parenting program, their child’s disruptive 
behavior decreased, and their child’s negative emotionality decreased as well, yet only when 
we did not control for multiple testing. Furthermore, we found that the decrease in child 
disruptive behavior and negative emotionality occurred simultaneously. Although it should be 
noted that children’s negative emotionality decreases with age as a normative development 
(Murphy et al., 1999), we controlled for the child’s age in this study. As the decrease in negative 
emotionality was only true for the children in the intervention group, this makes it plausible 
that this decrease could be ascribed to the intervention. This might indicate that parenting 
programs are not only successful in reducing certain problem behaviors but might also 
positively impact less optimal temperament characteristics, preventing future maladjustment. 
Furthermore, our results may be consistent with a spectrum approach (Overbeek, 2017; Rettew 
& McKee, 2005) in which child disruptive behavior and negative emotionality might not be 
two separate entities but reside on the same sliding scale, and both changeable through a 
parenting intervention.

We also encountered several unexpected findings within the study. First, we expected an 
increase in effortful control in the intervention group. Effortful control did increase between 
pretest and posttest, but only when we did not control for multiple testing. Between posttest 
and follow-up, effortful control increased further, also within the adjusted significant levels. 
However, in the control group effortful control also increased between posttest and follow-
up. This would suggest that effortful control increases as a part of normative development 
(Eisenberg et al., 2010; Posner & Rothbart, 2000). Yet, the effect of the increase in the 
intervention group was stronger than in the control group. This might imply that the increase 
in effortful control has the potential to indicate additional strength to the parenting program 
Incredible Years. A possible explanation for the (delayed) increase in effortful control might 
be due to the preceding decreases observed in negative emotionality. Scholars suggest that 
effortful control and emotion regulation are related to one another (Eisenberg et al., 2010). 
For example, in a longitudinal study, toddlers displayed more anger and frustration when 
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they scored lower on a composite measure of effortful control tasks, whereas toddlers who 
performed better expressed less intense anger during frustrating situations (Kochanska et 
al., 2000). Having more effortful control may help children regulate emotions, and/or when 
children are high in negative emotionality have more difficulty developing effortful control 
(Kochanska & Knaack, 2003). If the intervention causes a decrease in negative emotionality, 
this might therefore also cause an increase in effortful control. Future research might be 
able to shed more light on the temperament dimension of effortful control and if a parenting 
intervention can impact it.

As explained in the introduction, surgency was tested exploratory. The study with the 
Cool Kids parenting program (Kennedy et al., 2009) was able to find a temperamental change 
after the intervention. As the family environment appears to play an important role in shaping 
individuals’ surgent traits (Holmboe, 2016), we were curious whether IY could cause an effect 
or a change. However, this was not the case. Surgency did not influence the effectiveness of 
IY and nor did surgency change due to IY. Perhaps this finding can be explained by the fact 
that we did not specifically study reward sensitivity. Holmboe (2016), for instance, points out 
that individuals who score high on surgency activate a network of emotion- and reward-related 
brain areas more strongly when presented with positive and rewarding stimuli. This might 
suggest that children high in surgency are more susceptible to parenting practices based on 
rewards (e.g., reinforcing positive behavior by compliments). Even though IY has components 
that include reinforcing positive behavior, it is only a small part of the intervention. Perhaps by 
focusing specifically on these rewarding stimuli (within IY or a different parenting program), 
an effect of surgency might be detected.

Our findings of the effectivity of Incredible Years (decrease in disruptive behavior) showed 
stronger intervention effects compared to the outcomes of an earlier study done by our 
research group (Weeland et al., 2017). Due to missing data within the sample, we performed 
multiple imputations, which resulted in 100 completed datasets. Interestingly, the effect sizes 
were larger with the imputed data than listwise deletion (i.e., complete-case analysis). In 
addition to preserving power by using all available information for analysis, listwise deletion 
would have biased our results due to analyzing a nonrandom subsample of data (Asendorpf 
et al., 2014; Graham, 2009).

Strengths and Limitations

This study had multiple strengths. Most notably, it involved an experimental design that allowed 
us to examine the effect of participating in a parenting intervention on the development of 
child disruptive behavior. Also, this study was the first to longitudinally test whether child 
temperament can change through an effective parenting intervention and whether the 
prospective development of child temperament and disruptive behavior was correlated. 
Finally, all analyses were conducted using sophisticated multiple imputation and latent change 
analysis strategies, increasing the precision and generalizability of our conclusions.
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Several limitations warrant mentioning as well. The most important one—applying to most 
RCTs—is that the generalization of results might be limited to families willing to be randomized, 
with an equal chance of being assigned to an experimental and control group. This might 
have caused an underestimation of effect sizes because especially high-risk families might 
have decided not to participate. Although we included at-risk families by screening them on 
disruptive behavior, the sample consisted mainly of well-educated and relatively high SES 
families. Compared to high SES parents, parents of low SES are more likely to have additional 
problems and are, because of that, more at risk for negative parenting practices (Conger et al., 
2010). Another limitation concerns the modest sample size. Even though this study features 
one of the largest RCTs on Incredible Years worldwide, it is certainly possible that analyses on 
a larger sample might have revealed significant temperament-by-intervention effects. Also, the 
modest sample size hindered us in conducting mediation-moderation analyses with parenting 
changes as a mediator with enough power to detect small to medium effects. Yet another 
limitation concerns the fact that we could not examine the temperament dimensions (negative 
emotionality, effortful control, and surgency) in more detail because of the instrument (CBQ-
VSF) we used. In future research, it would be interesting to see whether subscales from these 
dimensions are all similarly closely linked to changes in disruptive behavior. Additionally, our 
data were all parent-reported. We acknowledge that this limits the strength of our findings. 
Concerning the parent-reported data, it is also possible that the significant association 
between slopes is because parents view their children’s behavior differently over a year since 
they were aware that they received a parenting program. Ideally, multi-informant measures, 
such as observations or teacher reports, are incorporated within a study to test whether the 
results hold when data from non-parents are used.

Clinical implications

One important implication may be that in professional communications with parents about 
their child’s development, temperament should be approached as a dynamic rather than 
a static factor. This can help parents feel in control of challenging situations (e.g., temper 
tantrums) and gain perspective on how they can positively stimulate the development of their 
child’s behavior. Also, this may help to counter self-fulfilling prophecies based on parental 
expectations of disruptive behavior, for instance, in children with higher levels of negative 
emotionality. The fact that temperament is a changeable entity also emphasizes the importance 
of early screening efforts based on child temperament. Which manifestations and intensities 
of child negative emotionality can we identify as early warning signals for full-blown disruptive 
behavior later in childhood? Future research could help to delineate a developmental profile of 
temper tantrums and other instances of pronounced negative emotionality, for instance, that 
could be considered ‘risky’ for the development of disruptive behavior (van den Akker et al., 
2022; Wakschlag et al., 2012). Longitudinal studies might shed light on whether temperamental 
change through interventions indeed improves children’s outcomes, preventing health 
problems, substance abuse, financial hardship, and delinquency in adulthood. Finally, based 
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on our findings, it seems unnecessary to differentiate parenting program approaches based 
on (parent-reported) child temperament traits. At least the Incredible Years program achieves 
equally satisfactory results for children with ‘difficult’ versus ‘easier’ temperaments. However, 
the small effect sizes of parenting programs (Menting et al., 2013) do indicate that we need to 
continue our search for the factors—at the individual, family, and contextual level—that explain 
the large heterogeneity in parenting program effects (see for example van Aar et al., 2017).

Conclusion

In conclusion, our study supports the notion that at least negative emotionality and disruptive 
behavior can change simultaneously after implementing an effective parenting program. 
These findings counter the widely held belief that temperament traits are static, unchangeable 
modulators of the links between parenting and child disruptive behavior. Instead, child 
temperament (negative emotionality) can partly be influenced by parents’ participation in a 
parenting program.
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Abstract

Harsh parenting (harsh and physical disciplining strategies and lack of parental warmth 
and sensitivity) has been identified as a key contributor to the development of children’s 
disruptive behavior. However, the extent to which parenting affects the development of 
disruptive behavior may depend on children’s genetic predisposition to disruptive behavior. 
Previous studies examining the interaction between children’s genes and parenting in the 
development of disruptive behavior have either relied on cumulative candidate gene indices 
or correlational designs. This study aimed to overcome these limitations by using data from 
one of the world’s largest RCTs on the Incredible Years (IY) parenting program testing whether 
children (n = 287, Mage = 6.20, 51% boys) with a higher genetic liability (i.e., polygenic score) for 
disruptive behavior would benefit more from the intervention compared to those with a lower 
genetic liability (a G×E effect). Hierarchical regression analyses showed that the intervention 
was effective in decreasing disruptive behavior, regardless of children’s polygenic scores for 
disruptive/externalizing behavior. These results suggest that parenting interventions can be 
effective broadly, across groups of children differing in their biological propensity for disruptive 
behavior. Yet, it may still be the case that children scoring above a ‘genetic threshold’ react 
differently to intervention-induced parenting changes. A road forward may be to test this idea 
in multi-site IPDMA (‘pooled data’) research efforts.

Keywords: G×E; polygenic scores; disruptive behavior; Incredible Years; parenting; RCT
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Introduction

Children’s disruptive behavior is characterized by disobedience, verbal and physical 
aggression, oppositional behavior, and an irritable mood state (DSM-V) (APA, 2013). When left 
untreated, this behavior increases the risk for developing clinical-level externalizing problem 
behavior in young adulthood (Caspi et al., 2020). Subsequently, young adults with such a 
diagnosis are at risk for health problems, substance abuse, financial hardship, and delinquency 
in adulthood, leaving emotional and financial costs to individuals and society in its wake 
(Rivenbark et al., 2018). A known risk factor for developing disruptive behavior is dysfunctional 
parenting, when parents are harsh and apply physical or inconsistent disciplining strategies 
(further: harsh parenting), or when parenting is characterized by a lack of sensitivity, warmth, 
and support. When parents are indeed warm and supportive, their children are less likely 
to show disruptive behavior (Pinquart, 2017). These findings underscore the importance of 
effective parenting programs in which parents are employed as change agents, enabling them 
to deploy more warm and supportive parenting practices, thereby decreasing disruptive child 
behavior (Forehand et al., 2014).

Although meta-analyses indeed show that parenting interventions are effective in reducing 
disruptive behaviors, the effects of such programs in selective or indicated preventive setting 
are generally small with effect sizes around d = -.13 to d = .20 (Menting et al., 2013). These 
low effect sizes can suggest substantial heterogeneity in family intervention responses. 
Indeed, a study by van Aar and colleagues (2019) found that while a larger part of the families 
participating in the Incredible Years parenting program showed a nonresponse trajectory, a 
smaller proportion (18%) of the families benefited greatly (d = 1.45). More severe child disruptive 
behavior and more intense harsh parenting at the start of the intervention predicted stronger 
reductions in children’s disruptive behavior (van Aar et al., 2019). However, it is not yet clear 
what explains these heterogeneous intervention outcomes.

Genetic Modulation of Parenting Intervention Effects?

In part, the different outcomes in intervention effectiveness can be explained by a child’s 
genetic predisposition for disruptive behavior. That is, children with a genetic predisposition 
for disruptive behavior show disruptive behavior more often and with higher intensity (Moffitt, 
2003; Nikitopoulos et al., 2014; Tuvblad & Baker, 2011), and this may relate to the issue of how 
effective or swift any parenting intervention leads to changes in disruptive child behavior. 
Therefore, we expected that children’s genetic liability towards disruptive behavior would 
moderate the effect of a parenting intervention—a gene-environment interaction (G×E). 
With regard to the exact nature of this G×E, we formulated two competing hypotheses for 
intervention effects: a ‘booster’ and a ‘barrier’ hypothesis.

The ‘booster hypothesis’ holds that a higher genetic liability for disruptive behavior would 
be related to more substantial reductions in child disruptive behavior after an intervention, 
as for this group of families, there is more room for change (Leijten et al., 2018; van Aar et al., 
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2019). A steeper decrease in disruptive behavior may occur in a genetic risk group because 
sensitive, warm, and consistent parenting is most beneficial for this group. A higher genetic 
liability for disruptive behavior might be grounded in, or largely overlapping with, a genetic 
susceptibility index. The development of disruptive behavior is then explained by children’s 
higher differential susceptibility to signals of reward and punishment in the parenting context, 
and this explains children’s stronger reductions in disruptive behavior as a consequence of a 
parenting intervention (Overbeek et al., 2012; Weeland et al., 2015; Bakermans-Kranenburg & 
van IJzendoorn, 2015). Thus, a parenting intervention aimed at improving warm and supportive 
parenting behaviors will have the greatest impact on a group of children genetically most likely 
to develop disruptive behavior. More so than for a group of children who are genetically less 
predisposed to show disruptive behavior.

Contrary to the booster hypothesis, the ‘barrier hypothesis’ holds that the genetic liability 
for disruptive behavior limits the susceptibility to change through interventions. The biological, 
innate drive towards acting out, oppositional and defiant behavior and impulsivity would trump 
any contextual changes in, for instance, parenting (Plomin et al., 2022). Thus, the barrier 
hypothesis suggests that a higher genetic liability for disruptive behavior would be related 
to a lower reduction in disruptive behavior after a parenting intervention because this higher 
genetic load makes children less susceptible to environmental or contextual changes. Howe 
and Leijten (2022), for instance, speak of a “rich-get-richer” effect, in which those who enter 
a study with fewer risks and more protective factors do benefit from an intervention, whereas 
those at greater risk (in our case a higher genetic liability for disruptive behavior) do not. In the 
field of Therapy Genetics, in which genetics are used to predict responses to psychological 
treatment, some studies have already shown that genetics influence both the development 
and the remission of psychiatric outcomes. For instance, carriers of certain genetic variants 
(i.e., 5HTTLPR), in combination with experiencing a stressful life event, were found to respond 
poorly to treatment (Lester & Eley, 2013). Yet, in the field of parenting interventions, how 
genetic liability moderates intervention effect is unclear.

Previous Research Examining Genetic Modulation of (Parenting) 
Intervention Effects

In a recent systematic review (Li & Gewirtz, 2022) on often-provided family-based interventions 
in which moderation by genotype was studied, results were mixed with some studies showing 
increased and others decreased benefits from interventions based on specific genes. These 
mixed findings can perhaps be explained by the fact that the intervention effects included in 
the review were moderated by different single candidate genes, which have proven notoriously 
hard to replicate (Duncan & Keller, 2011; Duncan & Smoller, 2014). In fact, it is well-known 
that thousands of genes together contribute to the existence of complex phenotypes (i.e., 
they are polygenic), such as disruptive behavior (Gratten et al., 2014). Genetic effects are 
nowadays calculated using data from genome-wide association studies (GWASs) with which 
polygenic scores can be derived. In a GWAS, millions of regression models are used to test 
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for associations between genetic variants and phenotypes. The result of a GWAS shows the 
association of each individual SNP (i.e., single nucleotide polymorphism, which is a variation 
at a single position in a DNA sequence) with a particular phenotype (Mills et al., 2020).

The polygenic score (PGS) is a numeric summary of the relation between multiple genetic 
loci and a phenotype. It is calculated as a weighted sum of trait-associated alleles, which 
reflects an individual’s genetic predisposition towards a specific trait (i.e., a higher score 
represents a higher chance of a specific trait). For instance, a higher PGS on schizophrenia 
―a disorder with a high level of heritability― is associated with a higher likelihood of developing 
the disorder. However, an interaction effect is also possible, in which the genetic effect on a 
phenotype differs in different environments. For instance, it has been found that children with 
a genetic risk for psychopathology (e.g., Attention Deficit Hyperactivity Disorder (ADHD)) are 
particularly susceptible to the effects of stressful environments, such as harsh parenting. More 
specifically, children at age 12 with high polygenic scores for ADHD showed more conduct 
problems when their parents used more disciplinary actions (Plomin et al., 2022).

To provide a well-controlled test of such gene-environment interactions, experimental 
studies are especially useful (van IJzendoorn & Bakermans-Kranenburg, 2012). In recent 
years, only a few experimental studies with GWASs have been conducted where parenting 
interventions were taken into account. First, a randomized controlled trial (RCT) on Video-
feedback Intervention to promote Positive Parenting and Sensitive Discipline (VIPP-SD) 
in which the moderating role of a PGS for differential susceptibility (a PGS for anxiogenic 
environments by Keers et al., 2016) was investigated among 445 families with school-aged 
twins. Results showed that the PGS did not moderate the intervention effect. Another study 
was conducted with parents of children from 2 to 14 years old who were at risk for conduct 
problems, either receiving the Family Check-Up (FCU) intervention or care-as-usual. Results 
showed an interaction effect involving a PGS on aggression: Among children with a low PGS, 
children in the FCU or control group did not differ in their trajectories of conduct problems over 
time. However, children with a high PGS were more likely to show fewer conduct problems 
over time if they were in the FCU group, whereas the children in the control group were more 
likely to stay high in conduct problems over time (Shaw et al., 2019). This finding is in line with 
a booster hypothesis. To our knowledge, until now no study has previously tested a G×E with 
a PGS on disruptive behavior, while disruptive behavior in childhood can be a forerunner of 
psychopathology later in life when left untreated (Caspi et al., 2020; Hofstra et al., 2002). We 
are the first to create a PGS on disruptive behavior and test its potentially modulating effect 
on parenting program effects within an RCT of the Incredible Years (IY) parenting program.

The Present Study

In this study, we tested whether children’s genetic makeup influenced the efficacy of the IY 
parenting program. We held two different, opposing hypotheses about how children’s genetic 
makeup would be of influence. First, in line with the booster hypothesis, it is possible that 
children with a higher genetic liability for disruptive behavior would benefit more from the 
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parenting program IY compared to children with a lower genetic liability for disruptive behavior. 
Second, in line with the barrier hypothesis, it is possible that a higher genetic liability for 
disruptive behavior would be related to a weaker reduction due to a higher genetic load of 
disruptive behavior, which makes children less susceptible to changes in parenting.

Methods

Sample and Procedure

Data came from the Observational Randomized Controlled Trial on Childhood Differential 
Susceptibility (i.e., ORCHIDS) study conducted in the Netherlands. Data were collected in two 
separate cohorts in 2012–2013 and 2013–2014. Detailed information about the sample can 
be found elsewhere (Chhangur, Weeland et al., 2012; Weeland, Chhangur et al., 2017). Using 
a randomized controlled trial (RCT) design, the ORCHIDS study addresses the differential 
effectiveness, across children with varying temperamental and genetic characteristics, of 
the Incredible Years (IY) parenting program in reducing disruptive behavior in 4- to 8-year-
old children.

Participants were recruited via two Dutch regional healthcare organizations. Parents of 
20,084 children aged 4–8 were sent a questionnaire by post to assess the frequency of 
disruptive child behavior (i.e., screening stage), resulting in 5,876 questionnaires returned in a 
timely manner (response rate: 22.5%). Children scoring at or above the 75th percentile on the 
Eyberg Child Behavior Inventory (ECBI; Eyberg & Pincus, 1999) intensity score scale (n = 1,524) 
were eligible for participation. If parents reported moderate to high levels of disruptive behavior 
of multiple children within a family, the child with the highest ECBI intensity score was invited. 
A total of 1,393 mother–child or father–child dyads were invited to participate, 61% of these 
families were reached, and 46% (N = 387) agreed to participate. Saliva samples were collected 
for DNA assaying from 385 children, and after quality controls (see genotyping procedure 
below), 281 families were included in the analyses of this study. Most parents participating 
in the RCT were mothers (91.8%), Dutch (86.5%), and had a college degree or higher (54.1%). 
Intervention and control groups did not differ on sample characteristics (i.e., parent age, child 
age, child gender, number of siblings, educational level, ethnicity) (see Table 1).

Two months following the screening, trained research assistants conducted pretest home 
visits to collect observational data from the child and the parent, and questionnaires were 
emailed to parents to measure the child’s disruptive behavior. Subsequently, families were 
randomly assigned (ratio: 1:1) to the control (care-as-usual) or intervention group. Approximately 
4 and 8 months after the pretest (i.e., posttest and follow-up), parents again completed the 
questionnaires, and child’s disruptive behavior was observed. The Institutional Review Board 
in the Netherlands (METC UMC Utrecht, protocol number 11-320/K) approved the study.
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Table 1 Sociodemographic Characteristics of Participants at Baseline

Condition t or χ2 p-value
Total IY Control
N = 281 n = 135 n = 146

Age child (M (SD)) 6.2 (1.30) 6.22 (1.35) 6.26 (1.25) -.24 .807
Gender child (Boy) 52.7% 52% 48.6% 1.99 .158
Ethnicity child (Dutch 96.9% 97% 98.6% .852 .356
Ethnicity mother (Dutch) 86.5% 83% 89.7% 2.74 .098
Ethnicity father (Dutch) 86.5% 85.9% 87% .067 .795
Age participating 
parent (M (SD))

38.2 (4.6) 38.11 (4.53) 38.2 (4.67) -.17 .867

Gender participating 
parent (Female)

91.8% 91.1% 92.5% .171 .679

Highest education 
mother

College degree 
or higher

54.1% 51.1% 56.8% 5.58 .134

Highest education 
father

College degree 
or higher

47% 46.7% 47.3% 2.06 .841

Work status of 
participating parent

5.94 .546

Employed part-
time

92.5% 74.1% 65.8%

Employed full 
time

7.5% 5.2% 9.6%

Stay-at-home 
parent/
Unemployed

24.5% 21.6% 25.3%

Marital status 4.46 .347
Married/living 
together

89.3% 87.4% 91.1%

Single 7.1% 9.7% 4.8%
Other1 3.2% 2.2% 4.1%

Note. 1 e.g. New family constellation, long-distance relationship, mother living with grandmother.

Incredible Years Parenting Program

The IY program (Webster-Stratton, 2001) uses a collaborative group approach in which group 
leaders serve as facilitators rather than experts while seeking to empower parents. Issues 
and topics addressed include the importance of child-directed play, social and emotional 
coaching, the use of praise to reward and incentives to motivate appropriate behavior, and the 
importance of consistency in the use of noncorporal disciplinary practices. This trial consisted 
of 14 weekly sessions in which parents watched and discussed video vignettes of parent–
child interactions, engaged in role-playing, and discussed family experiences in small (sub)
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groups. More specifically, following each vignette, group leaders asked questions to stimulate 
discussion on (in)effective parenting behavior and alternative approaches. Before sessions, 
parents received exercises to practice at home, read relevant literature, and practice behavior 
management skills with their child. A final and 15th session occurred a month following the 14th 
session, serving as a “booster” to consolidate intervention effects by repeating, discussing, 
and practicing skills. The intervention groups consisted of 8–15 parents. Most parents attended 
between 11 to 14 of the 15 sessions (M = 9.10, SD = 5.38). Two group leaders led every group. 
Main leaders had a background in clinical child psychology, had experience running IY groups 
before the study commenced, and were officially certified group leaders. All leaders received 
2-hour supervision sessions at least three times across the 14-week period. Besides these, 
regular intersession meetings between group leaders took place.

Measures

Child Disruptive Behavior
The ECBI (Eyberg & Pincus, 1999), used at screening, pretest, posttest, and follow-up, assesses 
child disruptive behavior problems as reported by the parents. The ECBI is a widely used and 
validated instrument to assess the frequency and severity of children’s disruptive behaviors 
between the ages of 2 and 18 (Funderburk et al., 2003). It consists of 36 items and has an 
intensity subscale that measures parent-reported frequency of children’s disruptive behavior 
on a Likert scale from 0 (never) to 7 (always), and a problem subscale that asks parents 
whether they experience the specific behavior as problematic (0 = no, 1 = yes). We only used 
the intensity subscale for this study, as we were interested in actual behavior. Parents reported 
about disruptive behaviors such as temper tantrums, whining, and oppositional behavior 
(refusing to do specific tasks). Examples of items of the intensity subscale are: “My child often 
acts defiant when told to do something,” “My child often teases or provokes other children,” 
and “My child constantly seeks attention.” Higher scores indicate higher levels of disruptive 
behavior. Cronbach’s alphas were .89, .90, and .91 at the pretest, posttest, and follow-up. The 
ECBI is normed for Dutch samples (Weeland et al., 2018) and previous research showed that 
the ECBI overall has satisfactory construct and convergent validity (Hukkelberg et al., 2018).

Furthermore, the Dyadic Parent-Child Interaction Coding System (DPICS; Robinson & 
Eyberg, 1981; Webster-Stratton, 1989) was used to measure observed disruptive behavior 
at pretest, posttest, and follow-up. Parent-child dyads were videotaped playing with a fixed 
set of toys in their homes for four 5-minute periods, consisting of free play, child-directed 
play, parent-directed play, and clean up. The free play period was used to make parent-child 
dyads feel comfortable with being observed and was therefore not coded. Five items (i.e. 
indirect command noncompliance, direct command noncompliance, cry-whine-yell, physical 
negative behavior, and destructive behavior) were used to compute a sum score, reflecting the 
frequency of observed disruptive behavior. Interrater reliability, based on intraclass correlation 
of the original sample (n = 387), for the observational measures was moderate (0.70).
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Genotyping
Saliva samples were analyzed using the Infinium iSelect GSA array (Illumina, San Diego 

CA, USA). Genotypes were determined using Illumina’s Genome Studio software and quality 
control was conducted using PLINK v1.90b6.17 (Purcell et al., 2007). We excluded participants 
if they did not meet genetic quality criteria i.e., (1) a low sample call rate (< 95%) (nchild = 2 
and nparent = 0), (2) discordant parent-child genetic relatedness (proportion of IBD in PLINK > 
0.2; none excluded), (3) a mismatch between phenotype and genotype gender (nchild = 2 and 
nparent = 5), or (4) identification as an ethnic outlier based on a principal component analysis 
to account for population stratification (prinipcal components: nchild = 11 and nparent = 10). Ten 
children and 9 parents had heterozygosity value ± 3 SD from the mean. These were retained as 
the values were strongly shifted to the mean (i.e., high median) and thus it was relatively easy 
to fail this criterion. None of the heterozygosity rates were above .04, indicating good sample 
quality. Prior to imputation, single nucleotide polymorphisms (SNPs) were filtered out based 
on (1) low call rate (i.e., genotype missingness was < 95%, nchild = 10623 SNPs and nparent = 6220 
SNPs), (2) low minor allele frequency (MAF) (< 5%, nchild = 407136 and nparent = 409292 
SNPs), and (3) deviation from Hardy-Weinberg equilibrium (p < 1e-6, nchild = 421 SNPs and 
nparent = 84). Genotypes were imputed using the Michigan Imputation Server (Das et al., 2016) 
with the HapMap2 reference panel (build GRCh37/hg19). SNPs with MAF < 0.1% and SNPs with 
low imputation quality (R2 < 0.3) were removed, resulting in 2,377,699 SNPs for the children 
and 1,720,570 for the parents.

Polygenic Score Computation
We calculated a PGS specifically on disruptive behavior (PGS-DB), that reflects the estimated 
genetic influence on disruptive behavior for each child based on recent GWASs of disruptive 
behavior-related phenotypes in children, adolescents and adults (i.e., aggression, angry 
outbursts, extreme irritable, irritability, irritable for two days, and ADHD) (Baselmans et al., 
2022). As these GWASs consisted of a modest sample size (523,150 individuals), affecting 
the predictive power of the PGS (Plomin et al., 2022), we additionally created a second (PGS-
EXT) based on a larger GWAS. This GWAS consisted of externalizing phenotypes (ADHD, 
problematic alcohol use, lifetime cannabis use, reverse-coded age at first sexual intercourse, 
number of sexual partners, general risk tolerance, and lifetime smoking initiation) of a much 
larger sample (1.5 million individuals), yet also a much older sample with only adults (Karlsson 
Linnér et al., 2021). We assumed that the genes that might contribute to these externalizing 
phenotypes in adulthood would be partly overlapping with the gene set contributing to 
disruptive behavior in childhood.

The polygenic scores were computed using LDpred2. Ldpred2 incorporates GWAS 
summary statistics and linkage disequilibrium (LD) information from an external LD reference 
sample (HapMap3) to estimate the posterior mean effect size for each SNP (Privé et al., 2021). 
We followed standard quality control protocols for the summary statistics, adhering to the 
procedures outlined by Choi et al. (2020).
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Randomization Check

Children in the intervention and control group did not differ on PGS-DB (t(279) = 0.06, p = .949). 
Yet, on the PGS-EXT children did differ (t (279) = 1.99, p = .047), with the intervention group 
(M = 0.02) scoring higher compared to the control group (M = -0.02). This indicated that children 
in the intervention group had a higher PGS-EXT compared to children in the control group. 
Therefore, results need to be interpreted with caution.

Statistical Analyses

In this efficacy study, we tested whether the intervention effect of IY was moderated 
by genetic liability for disruptive behavior (i.e. PGS-DB and/or PGS-EXT) by performing 
hierarchical regression analyses in R (with psych, lmtest, ggplot2, and interaction packages). 
The independent variable was ‘experimental condition’ (0 =control group, 1 = intervention 
group). The two dependent variables were child disruptive behavior (both parent-reported 
and observed) at posttest and at follow-up. The moderators were PGS-DB and PGS-EXT. 
We first performed a simple regression model for each moderator between the pretest and 
posttest to test the efficacy of the intervention. This was followed by interactive models to 
rule out whether (improved) disruptive behavior was dependent on either the PGS-DB and/
or PGS-EXT. Hereafter we repeated the analyses for measures between posttest and follow-
up. In all analyses, child age, gender, and pretest levels of disruptive behavior were entered 
as control variables. Furthermore, we controlled for 10 genetic principal components (PC) for 
population stratification in children’s genetic data across all analyses. We regressed out the 
effects of the PCs and used the residuals in the analyses.

Results

Prior to the regression analyses, data assumptions (i.e., normality, linearity, and 
homoscedasticity) were checked and concluded satisfactorily. Missing value analysis 
revealed a loss of 2.8% (8 cases) between pretest and follow-up. Even though there are no 
firm guidelines for how much missing data can be tolerated for a sample of a given size, a 
loss of less than 5% is generally considered acceptable (Tabachnick & Fidell, 2013). Thus, no 
further actions were taken (i.e., default listwise deletion was applied).

At baseline, in the total group of children scoring above the 75th percentile, the mean 
sum scores of the parent-reported child disruptive behavior were between the 90th and 95th 
percentile (Msum = 133, SD = 19.26) (see Weeland et al., 2018 for Dutch norm scores). This 
indicated that the children in our sample showed significantly more disruptive behavior than 
most other children within this age range, according to their parents. These scores correlated 
significantly, yet small, with children’s PGS-DB (r = .13, p = .036), indicating that, as expected, 
children’s disruptive behavior as reported by parents, was associated with the child’s genotype. 



91

Gene-Environment Interactions in a Randomized Controlled Trial of the Incredible Years Parent Program

Furthermore, children’s observed disruptive behavior at pretest showed a small but significant 
correlation with PGS-EXT (r = .13, p = .034). As expected, both PGSs correlated significantly 
with each other (r = .24, p < .001) (see Table 2).

Before testing our hypothesis, we determined whether the Incredible Years (IY) parenting 
program was efficacious in reducing child disruptive behavior in this analytic sample. From 
pretest to posttest, there was a general decrease in parent-reported child disruptive behavior, 
and this decrease was more pronounced in the families that received IY compared to the 
control group (β = -0.40, SE = 0.09, t(270) = -4.23, p < .001). Between posttest and follow-up, 
disruptive behavior decreased further, but the difference between the intervention and control 
group was no longer significant (β = -0.19, SE = 0.10, t(270) = -1.95, p = .052). For mean changes 
and test statistics, see Tables 3 and 4. We reran our models using the observed measures 
of child disruptive behavior. For this observed measure, no intervention effect was detected 
between pretest and posttest or posttest to follow-up. These results corroborated earlier 
outcomes (Chhangur & Weeland et al., 2018).

Next, we examined whether children’s PGS-DB moderated the intervention effects on 
children’s disruptive behavior. We identified no significant moderator effect of the PGS-DB 
in parent-reported disruptive behavior (see Table 4) or observed disruptive behavior (see 
Table 6). We then repeated the analysis using the PGS-EXT as moderator. Again, we found 
no significant moderation in parent-reported disruptive behavior (see Table 5) or observed 
disruptive behavior (see Table 7). This means the intervention was effective regardless of 
children’s genetic propensity for disruptive behavior or for broader externalizing behavior.

Table 2 Correlations Between Child Disruptive Behavior and PGS-DB/PGS-EXT

Variable 1. 2. 3. 4. 5. 6. 7. 8.
1. Reported Disruptive Behavior at pretest ---
2. Reported Disruptive behavior at posttest. .62*** ---
3. Reported Disruptive behavior at follow-up .58*** .74*** ---
4. Observed Disruptive behavior at pretest .13* .10 .05 ---
5. Observed Disruptive behavior at posttest .12* .18** .07 .08 ---
6. Observed Disruptive behavior at follow-up .05 .07 .06 .17** .23 ---
7. PGS-DB .13* .09 .09 -.02 -.03 .08 ---
8. PGS-EXT .06 .004 .02 .13* .01 .02 .24*** ---

Note. Stars indicate significance level (* < .05, ** < .01, *** < .001). DB = disruptive behavior. 
EXT = externalizing behavior.

5
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Table 3 Descriptive Statistics of Child Disruptive Behavior

Pretest Posttest Follow-up
Intervention
M (SD)

Control
M (SD)

Intervention
M (SD)

Control
M (SD)

Intervention
M (SD)

Control
M (SD)

Reported 
disruptive 
behavior 1

3.75 (0.55) 3.65 (0.51) 3.43 (0.52) 3.51 (0.55) 3.40 (0.58) 3.41 (0.54)

Observed 
disruptive 
behavior 2

5.13 (6.40) 3.69 (4.22) 3.81 (5.13) 4.16 (5.73) 3.81 (4.20) 3.96 (4.71)

Note. 1 Ranging between 1.56 and 5.36. 2 Ranging between 0 and 52.
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Discussion

The extent to which parenting affects the development of disruptive behavior may depend on 
children’s genetic predisposition to disruptive behavior. While previous studies examining the 
interaction between children’s genes and parenting have either relied on cumulative candidate 
gene indices or correlational designs, we performed an RCT (N = 281) of a known-effective 
parenting program (Incredible Years) testing whether children’s genetic makeup moderated 
the efficacy of the Incredible Years parenting program. Our analyses showed that children’s 
polygenic scores did not moderate the efficacy of the intervention. Based on these results 
from a group of families with children at elevated risk for the development of problem behavior, 
this suggest that parenting interventions can be effective broadly across groups of children 
differing in biological propensity for disruptive behavior.

This study neither confirmed the booster nor the barrier hypothesis. On the one hand, 
we expected that children with a higher genetic liability for disruptive behavior would show 
a steeper decrease after IY, as these children would be more susceptible to the improved 
parenting context (e.g., improved warm and supportive parenting) (Overbeek et al., 2012; 
Weeland et al., 2015; Bakermans-Kranenburg & van IJzendoorn, 2015). On the other hand, a 
higher genetic liability might limit the susceptibility to change through an intervention (Elam et 
al., 2019). We found no support for these hypotheses in the current sample. The main outcomes 
of this study are thus at odds with several previous G×E studies that, using candidate gene 
approaches and polygenic susceptibility genes, found (partial) support for specific gene-
environment interactions (Belsky & van IJzendoorn, 2017; Li & Gewirtz, 2022; Van IJzendoorn 
& Bakermans-Kranenburg, 2014).

A reason for this may be that the previously used candidate or additive gene approaches 
reflect theory-driven, specific tests of single or unweighted gene effects, that are expectedly 
small and thus very hard to replicate (Dick et al., 2015; Elam et al., 2019). The currently used 
GWAS may be a relatively reliable testing approach (Mills et al., 2020), but there are several 
critical considerations to make as well. First, it may be that the GWASs we used to compute 
our PGSs for disruptive behavior and externalizing behavior did not fit well enough with 
the construct of disruptive behavior as measured with the ECBI. Even though there was a 
significant correlation between the PGS-DB and the ECBI at pretest, indicating that they were 
related, it was weak and disappeared at the following two time points. This might indeed 
indicate that the PGSs and the ECBI were not a good fit. Also, the PGS-EXT score in our study 
was derived from a GWAS that mainly included older participants (mostly adolescents and 
adults), whereas our sample consisted of young children. It is possible that both the strength 
of genetic effects and the relevant genetic variants may vary over the life course based on the 
difference in environmental context and genetic processes (Eley et al., 2003; Van Beijsterveldt 
et al., 2003). Unfortunately, to our knowledge, there are no GWASs available yet that are 
related more closely to disruptive behavior within (early) childhood.

	 When considering experimental studies that also used polygenic scores based on 
GWASs, there is a notable difference that might have influenced the results. The study of Shaw 
and colleagues (2019) included families of low socioeconomic status (SES), whereas our sample 
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consisted of families of relatively higher SES. It is possible that genetic effects may be more 
pronounced in high-risk populations, such as included in the Shaw et al. study (2019). Indeed, 
studies have shown that antisocial behavior exponentially increases when social and biological 
risk factors combine, as environmental influences can change gene expression, which in turn 
alters brain functioning, resulting in antisocial behavior (Raine, 2008). Also, compared to high 
SES parents, parents of low SES are more likely to experience additional stressors (e.g., having 
to juggle insufficient financial resources and unsafe neighborhoods), thereby increasing the 
risk of using less optimal parenting practices, which adds to the risk of the development of 
disruptive behavior (Conger et al., 2010; Flouri, 2008).

The results of the current study suggest that parenting interventions can be effective 
broadly, across groups of children differing in their biological propensity for disruptive 
behavior. Yet, we cannot exclude the possibility that there is a certain threshold at which a 
genetic effect becomes apparent, seeing we did find significant correlations between the 
PGSs and disruptive behavior. Genes function in a network of genes, thus the way genes 
influence behavior will depend on the context of other alleles present, as well as on the actual 
role a given gene plays in that behavior and the environmental circumstances that are present 
(Flint et al., 2020). Perhaps the threshold at which a G×E effect can be detected is influenced 
by multiple environmental circumstances, such as the amount of harsh parenting a child is 
exposed to versus the amount of warm and supportive parenting that is present simultaneously. 
Also, extra stressors the family is burdened with (e.g., SES, parental psychopathology, 
transgenerational trauma) can play a role in this regard. Alternatively, the threshold might 
depend on the severity of the disruptive behavior. This might explain why some studies find 
a G×E interaction while others do not. Future research with a larger sample of children with 
varying severity of disruptive behavior and more information on family characteristics can 
shed light on this possible threshold. A road forward may be to test this idea in adequately 
powered, multi-site IPDMA (‘pooled data’) studies.

This study had multiple strengths. Most notably, it involved an experimental design that 
allowed us to examine the effect of an intervention on the development of child disruptive 
behavior. Furthermore, there are very few studies that considered polygenic moderation of 
intervention effects with polygenic scores based on large GWASs. Additionally, the study used 
both parent reports and observational measures to test the effect of the polygenic scores on 
the intervention efficacy. While multi-informant data on disruptive behavior allows for a more 
comprehensive and accurate understanding of the specific behavior, increasing the validity and 
reliability of findings, there was no intervention or moderation effect on observed disruptive 
behavior detected. This might be due to response bias within the parent-reported measures 
(Runze & van IJzendoorn, 2023) but, more broadly speaking, this may also be related to the 
fundamentally different type of information that is acquired using these different approaches 
(see Hendriks et al., 2018; Moens et al., 2018). Questionnaires ask parents about a general 
perception of the child’s behavior over a longer period (several weeks), while the observation 
gets in-the-moment parenting data that relate to one specific moment in time and interaction 
context.
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Several limitations of our study warrant mentioning. Even though our sample of 281 parent-
child dyads should be enough to detect a moderation effect, in the case of G×E and GWASs, 
a much larger sample might be necessary, as the effect sizes are typically small (Mills et 
al., 2020). Second, with regard to the generalizability of our findings, our sample consisted 
of families with relatively high SES. Given that previous G×E studies have found significant 
gene-environment interactions in lower SES samples, it is conceivable that the results might 
have come out differently with a more diverse sample. Third, in this study, we only considered 
the children’s polygenic score for disruptive behavior. However, children inherit their genes 
from their parents, and parents with a higher genetic liability for disruptive behavior may be 
more likely to manifest harsh and less supportive parenting, leading to increases in the child’s 
disruptive behavior (Jaffee et al., 2006). In future research, it might be worth investigating both 
parental and child genetics in the association between parenting and disruptive behavior.

Conclusion

 In this study, we tested how children’s genetic makeup influences the efficacy of the Incredible 
Years parenting program. We found that polygenic scores on disruptive and externalizing 
behavior did not affect parenting intervention efficacy for child disruptive behavior outcomes. 
This indicates that the intervention is effective regardless of children’s genetic makeup. An 
idea that is worthwhile to examine in an ensuing investigation, however, is whether there is 
a threshold at which a genetic predisposition for disruptive behavior becomes apparent and 
influences intervention efficaciousness.
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Dissertation Objectives and Summary of Main Findings

The current dissertation aimed to investigate the relation between parenting and disruptive 
behavior in depth by examining the role of children’s temperament (negative emotionality) and 
stress reactivity while also taking families’ socioeconomic status into account. Furthermore, 
I examined whether differences in how children respond to their improved parenting context 
via a known effective parenting intervention is temperamental and/or genetic of nature. The 
main findings are described below.

Summary Main Findings

In Chapter 2, I examined whether the longitudinal association between parenting practices 
(both harsh and warm and supportive parenting) and disruptive behavior in toddlers was 
mediated by temperamental negative emotionality and stress reactivity. I expected that harsh 
parenting leads to more disruptive behavior over time via increases in children’s negative 
emotionality and lower levels of stress reactivity (heart rate reactivity). In contrast, I expected 
that warm and supportive parenting leads to lower levels of disruptive behavior via less 
negative emotionality and higher levels of stress reactivity over time. In 72 families (Mage 
child = 14.6 months), parents reported on their parenting practices, their children’s disruptive 
behavior, and negative emotionality. Children’s heart rate reactivity was assessed through 
a series of stress-inducing tasks. Results from regression-based mediation analyses with 
bootstrapping showed that negative emotionality and stress reactivity did not mediate the 
relation between parenting and disruptive behavior. The results overall demonstrate that in 
toddlerhood, a reinforcing dynamic between parenting, child stress reactivity, and disruptive 
behavior may not yet be firmly established.

In Chapter 3, I tested whether children’s temperamental negative emotionality indirectly 
affects disruptive behavior through parenting (harsh and warm and supportive) and whether 
this developmental cascade varies by socioeconomic status. Questionnaire and observational 
measures from a three-wave longitudinal, multi-informant study including 386 parent-child 
dyads with children aged 4 to 8 years were used. The children had above-average disruptive 
behavior (i.e., ≥ 75th percentile Eyberg Child Behavior Inventory questionnaire; Eyberg & Pincus, 
1999). Moderated mediation analyses demonstrated that children‘s temperamental negative 
emotionality and harsh parenting predicted later disruptive child behavior. However, parenting 
behavior did not mediate the longitudinal association between children‘s negative emotionality 
and later disruptive behavior, and this was regardless of family socioeconomic status. The 
current study, therefore, did not find evidence that children with higher negative emotionality 
are “hard to handle”. Parenting practices were, in this study, independent of child temperament, 
and this was true for parents from both lower and higher socioeconomic backgrounds.

In Chapter 4, I tested the moderating role of child temperament (i.e., negative emotionality, 
effortful control, and surgency) on the relation between the parenting program Incredible 
Years and child disruptive behavior. Furthermore, I investigated whether an effective parenting 
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intervention decreases children’s disruptive behavior simultaneously with temperamental 
characteristics. To test the hypotheses, I analyzed pretest, posttest, and 4-month follow-up 
data from 386 parents and their children (Mage = 6.31, SD = 1.33; 54.2% boys). The children had 
above-average disruptive behavior (i.e., ≥ 75th percentile Eyberg Child Behavior Inventory 
questionnaire; Eyberg & Pincus, 1999). The families participated in a randomized controlled trial 
of the Incredible Years (IY) parenting program. Hierarchical regression analyses showed that 
child temperament did not moderate IY intervention effects on disruptive behavior. Instead, 
parallel process analyses showed that the IY intervention led to direct, simultaneous decreases 
in both negative emotionality and disruptive behavior. These findings counter the widely 
held belief that temperament traits are static, unchangeable modulators of the links between 
parenting and disruptive behavior. Instead, child temperament (negative emotionality) may at 
least partly be influenced by parents’ participation in a proven-effective parenting program.

In Chapter 5, I investigated whether a polygenic score on disruptive behavior would 
moderate the intervention effect on children’s disruptive behavior. I did so by testing two 
hypotheses. The ‘booster hypothesis’ holds that a higher genetic liability for disruptive 
behavior would be related to more substantial reductions in child disruptive behavior after 
an intervention, as for this group of families there is more room for change (Leijten et al., 
2018; van Aar et al., 2019). Contrary to the booster hypothesis, the ‘barrier hypothesis’ holds 
that the genetic liability for disruptive behavior limits the susceptibility to change through 
interventions. The biological, innate drive towards acting out, oppositional and defiant behavior 
and impulsivity would trump any contextual changes in parenting. I analyzed pretest, posttest, 
and 4-month follow-up data from 287 parents who participated in an RCT of the Incredible 
Years parenting program and their children (Mage = 6.2, SD = 1.30; 53% boys). Results from 
hierarchical regression showed that polygenic scores on disruptive and externalizing behavior 
did not affect the intervention efficacy. These results suggest that parenting interventions 
can be effective broadly across groups of children differing in their biological propensity for 
disruptive behavior.

General Discussion

In this dissertation, there was a strong focus on which factors contribute to the development 
and maintenance of disruptive behavior in children and factors that might explain why some 
children respond differently to their (parenting) environment and develop (more severe) 
disruptive behavior while others do not. Within the first aim, I investigated the longitudinal 
interrelations between parenting, temperament (negative emotionality) and stress reactivity, 
and disruptive behavior in children. Previous studies have provided tentative, although mixed, 
evidence that there is a mediational path from harsh and unsupportive parenting to more 
disruptive behavior via an increase in negative emotionality and/or stress reactivity (Kiff et 
al., 2011; Klein et al., 2018; Manzoni et al., 2020). The present results, however, showed that 
overall, in a group of toddlers this age, a reinforcing dynamic between parenting, child negative 
emotionality and/or stress reactivity and disruptive behavior is not yet firmly established.

6
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No proof was found that negative emotionality and stress reactivity mediates the relation 
between parenting and disruptive behavior. This could be explained by the measurement of 
disruptive behavior that we used at this young age. While noncompliance, temper loss, and 
aggression are part of normative development during early childhood (Scaramella & Leve, 
2004), they also represent core features of disruptive behavior at an older age. It is, therefore, 
difficult to distinguish whether the behavior that is reported by parents in the study is behavior 
that is either normative or perhaps maladaptive and inconsistent at the toddlerhood stage, 
making it difficult to find a relation. Moreover, because of the young age of the toddlers, 
especially at the first wave, the reliability of assessing disruptive behavior and negative 
emotionality was relatively low. As time went by, the reliability of the measure of disruptive 
behavior improved, and the autocorrelations for disruptive behavior increased from T1-T2 to 
T2-T3 as well. This might indicate that specific behavior children show stabilizes over time and is 
better recognizable for parents. Furthermore, with the use of observations, trained researchers 
might be able to judge better what behavior constitutes as appropriate for the developmental 
level of the child and what is not (Wakschlag et al., 2007). Although it is important to state that 
there is no consensus on a ‘gold standard’, previous research does show that depending on 
which assessment type (parent-reported or observational) researchers use, research outcomes 
can be meaningfully different (Hendriks et al., 2018; Moens et al., 2018).

Another explanation for not finding the expected associations between parenting and 
disruptive behavior is that in this early developmental phase, toddlers’ developmental 
progression varies greatly. For instance, with speech development, research shows a dramatic 
increase in variability in the number of words a toddler can produce at 16 months (i.e., children 
in the top 10% have reported productive vocabularies of nearly 180 words, while children in 
the lowest 10% are still producing fewer than 10 words) (Fenson et al., 1994). Another study 
with toddlers between 18 and 48 months (N = 120) showed that toddlers with better language 
skills and whose language skills increased more over time, appeared less angry at 48 months 
(Roben et al., 2013). Thus, when studying the relation between parenting and disruptive 
behavior in toddlerhood, as we did in Chapter 2, it might be necessary to use, for instance, 
more fine-grained daily diary measurements to catch these developmental variabilities and 
the accompanying behavior more accurately (van den Akker et al., 2024), especially within 
this young age group. Adopting daily measurement tools could provide a more dynamic and 
nuanced view of the relationship between parenting and disruptive behavior, potentially 
uncovering short-term and context-specific associations that are not visible in longer-term 
and more general assessments.

Besides the variability between toddlers, the variability within toddlers should also be 
considered. Research shows that young children’s behavior can fluctuate highly. Toddlers 
may show spurts of rapid progress, followed by periods of slower growth or even apparent 
regression. These periods of variability are marked by new behaviors, and over time, these 
behaviors become more stable as children integrate new skills into their repertoire (Van 
Dijk & Van Geert, 2014; Van Geert & van Dijk, 2015). In our study, the time between each 
measurement wave might be too far apart and thus the research design may not have been 
sensitive enough to detect this variability. This might explain why I did not yet find clear 
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associations between parenting and disruptive behavior in toddlerhood, as the behavior of 
toddlers fluctuates highly, which can be missed if the measurements are too far apart. It may 
be important to study these associations between parenting and child disruptive behavior 
within shorter periods and across different ages.

Moving from the preschool period into the school-aged period, the findings presented 
in Chapter 3 suggest that although children‘s negative emotionality and harsh parenting are 
both associated with later disruptive child behavior, parenting behavior may not be the key 
mechanism by which children‘s negative emotionality and disruptive behavior are linked. 
Children who showed high negative emotionality did not receive harsher parenting and this 
finding was established independent of family socioeconomic background. The findings of this 
study only partially replicated those from an earlier study by Kim and Kochanska (2021), which 
had identified direct associations between children‘s negative emotionality and disruptive 
behavior, and between parenting (i.e., power-assertive control) and disruptive behavior. A 
reason for the lack of a full replication is that negative emotionality might evoke parenting 
that is indeed more power-assertive and controlling (Clarke et al., 2000; Pettit & Bates, 1984; 
Kim & Kochanska, 2021) instead of harsh. Parents might be focused on reducing children’s 
negative emotionality by applying parenting practices such as punishing, physical force, 
strictness, and threatening, which are part of the controlling and power-assertive parenting 
dimensions. However, our study measured a broader range of parenting practices, while Kim 
and Kochanska specifically measured controlling and power-assertive parenting practices. 
Our broader range might have hindered us in pinpointing the effect negative emotionality 
has on parenting practices.

A striking difference with the Kim and Kochanska (2021) study was that they found the 
full cascading effect only in families with a low socioeconomic status (SES) (i.e., the family’s 
SES determined the cascade from children’s hard-to-handle temperament to parents’ power-
assertive control to disruptive behavior). Evidence on whether SES influences parenting 
intervention effects is mixed (Pierron et al., 2018; Leijten et al., 2013; McCart et al., 2006; 
Dekovic et al., 2011). It may, however, be that low SES is not as strong a stressor in countries 
such as the Netherlands due to increased access to services that can be used as a source 
of support for these families. The restricted range in SES may, therefore, have precluded 
the detection of a moderation effect. The findings from the current study thus highlight the 
need for more culturally diverse studies that examine how the broader sociodemographic 
context influences the relation between child temperament and parenting in the development 
of disruptive child behavior. However, a related important issue is the availability of sound SES 
data and the samples of studies mostly being Western-, Educated-, Industrialized-, Rich- and 
Democratic, also known as WEIRD samples (Henrich et al., 2010).

More generally, it is important to consider that families with a high SES are more likely to 
participate in intervention research compared to low SES families due to several factors. For 
instance, high SES families tend to have better access to information about available support 
in their area (Lindsay et al., 2011). Also, high SES families are more likely to have jobs with 
flexible schedules or are able to make time to participate in research. Low SES families might 
view participating as more burdensome, given the demands on their time from work, childcare, 
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and financial pressure (Gross et al., 2001). Furthermore, high SES families generally have 
higher levels of education and, therefore, can better understand the value of participating in 
research and navigating through a study process, while families of low SES experience more 
mistrust towards academic research and fear the consequences of participating (e.g., fear 
of governmental youth care) (Mendez et al., 2009). Finally, low SES families from immigrant 
or minority backgrounds might face language barriers or feel that the intervention is not 
relevant to their family’s values and practices, leading to lower participation rates or dropouts 
(Bernal et al., 2009). WEIRD samples thus limit the generalizability of findings, as they do not 
represent the diversity of a population. Furthermore, there is a risk of measurement bias, as 
norm scores on, for instance, disruptive behavior and parenting practices, are often based on 
WEIRD samples, as those are the families participating in studies.

In the investigation on the role of child temperament in the relation between the parenting 
program Incredible Years and child disruptive behavior in Chapter 4, one of the interesting 
findings is that child temperament, like disruptive behavior, may itself change as an outcome 
of a parenting intervention. Specifically, we found that children in the intervention group 
decreased in disruptive behavior, simultaneously with the temperamental characteristic of 
negative emotionality. One important implication of this finding may be that in professional 
communications with parents about their child’s development, temperament should be 
approached as a dynamic rather than a static factor. This can help parents feel in control of 
challenging situations (e.g., temper tantrums) and gain perspective on how they can positively 
stimulate the development of their child’s behavior. Also, this may help to counter self-fulfilling 
prophecies based on parental expectations of disruptive behavior, for example, in children 
with higher levels of negative emotionality. The fact that temperament is a changeable entity 
also emphasizes the importance of early screening efforts based on child temperament. Which 
manifestations and intensities of child negative emotionality can we identify as early warning 
signals for full-blown disruptive behavior later in childhood? Future research could help to 
delineate a developmental profile of temper tantrums and other instances of pronounced 
negative emotionality, for instance, that could be considered “risky” for the development of 
disruptive behavior (van den Akker et al., 2022; Wakschlag et al., 2012).

The results from Chapter 4 seem to be consistent with a spectrum approach (Overbeek, 2017; 
Rettew & McKee, 2005) in which disruptive behavior and negative emotionality are seen not as 
two separate entities but as residing on the same underlying scale. Thus, a difficult temperament 
may then, in fact, be a (mild) form of disruptive behavior. A similar pattern of reasoning can be 
found in the conceptual model of Shiner and Caspi (2003). This theory suggests that, for instance, 
ADHD symptoms may represent the extreme low end of personality traits such as attention 
and inhibitory control, which are part of the broader conscientiousness trait. In this view, ADHD 
is not a separate, categorical condition but rather a point on a spectrum of personality traits, 
where deficits in attention regulation and inhibitory control manifest as the core symptoms 
of ADHD (Barkley, 1997). This connection between personality and psychopathology (South 
et al., 2010; Wilson & Olino, 2021) emphasizes the idea that certain disorders may simply be 
exaggerated versions of normal, underlying traits. However, to be able to establish whether a 
spectrum association is also applicable outside the field of psychopathology, more research 
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is necessary. Our preliminary finding needs replication. For instance, factor analyses can shed 
light on whether temperament/personality and psychopathology overlap by examining shared 
latent factors, underlying correlations, and the dimensions on which they reside. If the analysis 
shows that certain personality traits and psychopathological symptoms are strongly correlated 
within the same factor, this suggests that these concepts are closely related. This provides 
insight into whether temperament or personality traits are manifestations of the same underlying 
vulnerabilities towards psychopathological disorders (Prinzie et al., 2014; Shiner & Caspi, 2003; 
De Fruyt et al., 2017).

A second aim of this thesis was to examine whether differences in how children respond 
to their improved parenting context via a known effective parenting intervention are 
temperamental and/or genetic of nature. In chapters 4 and 5, with experimental designs, 
we found no evidence that the intervention effect is moderated by either the children’s 
temperament (i.e., negative emotionality, effortful control, and surgency) or genetic makeup 
(polygenic liability towards disruptive behavior). As our hypothesis in Chapter 4 was closely 
related to the differential susceptibility theory, a possible explanation for the null finding might 
be that differential susceptibility is, in fact, domain specific. Belsky and colleagues (2007) 
have previously questioned whether differential susceptibility may operate in a “domain-
general” or “domain-specific” fashion. In other words, “is it the case that some children … 
are more susceptible both to a wide variety of rearing influences and with respect to a wide 
variety of developmental outcomes” (i.e., domain-general) or is it possible that “different 
children are susceptible to different environmental influences … and with respect to different 
outcomes” (i.e., domain-specific) (Belsky et al., 2007, p. 302). It has, for instance, been found 
that children high in avoidance, inhibition, and fearfulness were differentially susceptible to 
maternal parenting in predicting externalizing problems, while children high in approach, 
activity, irritability, and impulsivity, were susceptible to both paternal and maternal parenting 
in predicting changes in depressive symptoms (Hentges et al., 2023).

There are several possible explanations for why we did not observe an expected 
moderation effect of child genotype on disruptive behavior in our G×E study in Chapter 5. 
After the candidate gene era, polygenic scores have been a promising next step in G×E studies 
within child behavior and parenting research. However, even though the GWAS with polygenic 
scores approach overcomes many of the previous criticisms of candidate gene studies, 
replication of significant G×E findings is still an issue. This might be due to small samples 
(Assary et al., 2017; Li et al., 2022). The best way to boost predictive power is by increasing 
the sample sizes of GWASs. For example, it has been shown that one of the most predictive 
polygenic scores in behavioral science is based on a GWAS of educational attainment (Plomin 
et al., 2022). The predictive power increased when the sample size increased as well: With a 
sample of 125,000, the predictive power was 2% (Rietveld et al., 2013), 3% with a sample size 
of 294,000 (Okbay et al., 2016), 10% with a sample size of 1.1 million (Lee et al., 2018) to around 
14% with a sample size of 3 million (Okbay et al., 2022). GWAS samples for behavioral problems 
are a long way from these sizes, which was also true for the sample in this thesis (chapter 5).

Another related issue with G×E studies with polygenic scores is the availability of a GWAS 
that matches the phenotype under study, as well as the quality of the phenotype measures 
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used for the GWAS. As there were no GWASs available on disruptive behavior, we therefore 
relied on GWASs that were as close as possible to disruptive behavior in forming our PGSs. 
However, perhaps not close enough. As discussed in the individual chapter, the GWASs on 
which we constructed our polygenic scores mainly consisted of much older participants (mostly 
adolescents and adults), whereas our sample consisted of young children. It is possible that 
both the strength of genetic effects and the relevant genetic variants may vary over the life 
course based on the difference in environmental context and genetic processes (Eley et al., 
2003; Van Beijsterveldt et al., 2003). Even though much progress has been made in the past 
years, there is still much work to be done before G×E research in parenting programs with 
disruptive behavior in (young) children will yield reliable and replicable results.

Instead of looking solely for genes that are associated with complex behaviors, such 
as disruptive behavior, it might be worth investigating endophenotypes concurrently, which 
function as mediators between genes and phenotypes (Fischer et al., 2020). Endophenotypes 
are measurable traits that lie between a genetic predisposition and the outward manifestation 
of a behavior (Rommelse et al., 2011). The intermediate phenotypical traits can express 
themselves via biological pathways, such as heart rate variability or cortisol levels (i.e., 
physiological markers of stress reactivity) (Hinnant & El-Sheikh, 2013; Bartels et al., 2003), but 
also through information processing pathways such as cognitive biases (Fox & Beevers, 2016). 
For instance, children with conduct disorder (i.e., aggression, rule-breaking, and antisocial 
behavior) often struggle with emotion regulation with heightened emotional reactivity to stress 
(Beachaine & Thayer, 2015). By investigating both endophenotypes and polygenic scores, the 
endophenotypes might be the mediator that forms the missing link between genetic research 
and intervention research (Fischer et al., 2020), enhancing the probability of G×E research 
being more reliable and better replicable.

Strengths and Limitations

The current dissertation has several strengths. First, all studies made use of longitudinal or 
experimental designs. This gave insight into changes in child behavior and developmental 
trajectories, while the experiments allowed us to examine the effect of a parenting intervention 
on the development of disruptive behavior. Furthermore, across studies, we included multi-
informant measurements (i.e., parent-reported, observed, physiological, and genetic data), 
which led to a fuller understanding of the relation between parenting and disruptive behavior. 
Also, the studies consisted of two different age groups (toddlers and young children) and thus 
covered several developmental stages over time. Finally, our innovative polygenic score on 
disruptive behavior is another small step forward in genetic and intervention research, yet 
it also shows that it is a complex field which might need the expertise and collaboration of 
geneticists.

Several limitations warrant mentioning as well. Even though it is important to get a deep 
understanding of the factors that contribute to the development and maintenance of disruptive 
behavior (Moffit et al., 2011), the behavior of a child consists of more than ‘just’ the disruptive 
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behavior. Other dimensions are, for instance, internalizing behavior (e.g., anxiety, depression, 
and withdrawal; Achenbach & Rescorla, 2000) and prosocial behavior (e.g., helping, defending, 
sharing, and cooperation; Yarrow et al., 1976). The same is true for parenting. Parenting 
dimensions might be more fine-grained than we were able to measure. Aspects such as co-
parenting (i.e., how parents cooperate as a team in rearing their children, including hostile-
competitive and supportive dimensions, as well as discrepancies in parental involvement; 
Belsky et al., 1996) and family composition (e.g. siblings; Waid et al., 2020) are all influential 
factors in the development and maintenance of disruptive behavior, yet were not included in 
the scope of this dissertation. Another limitation concerns the majority of mothers participating 
in our studies. As with many parenting programs, the mother is often the participating parent. 
A recent meta-analysis found that both paternal and maternal warmth and positive control 
and low levels of harshness are associated with more prosocial behavior (van der Storm et 
al., 2022), indicating that both parents matter equally. However, there is also evidence that 
fathers and mothers have different roles in predicting child outcomes, for instance, on social 
anxiety (Majdanzic et al., 2014). Perhaps our results would have come out differently if we 
had included both parents, thus mothers and fathers. Even more so when considering that 
the effectiveness of the parenting program might be higher with both parents participating 
(van der Storm et al., 2022). Furthermore, methodological shortcomings come in the form of 
our modest sample sizes. This limited us in performing some of the preferred analyses (e.g., 
SEM, cross-lagged) or increased the likelihood of Type II errors, meaning some true effects 
may not have been detected.

Suggestions for Future Research

Throughout the general discussion, several suggestions for future research were mentioned. 
Aside from these suggestions, a potential future direction for research is to examine the 
interplay between genetic and endophenotypic factors in one study. The mechanism through 
which genetic liability operates might function interdependently with physiological processes. 
However, genes and endophenotypes have been investigated mostly in separate lines of 
research, resulting in a lack of knowledge on the developmental process through which 
G×E affects children’s disruptive behavior. This proposed line of research would address 
this knowledge gap by integrating biological and physiological pathways in one study. The 
conceptual model of this proposed study would entail a mediated moderation in which the 
effect of the parenting program on child behavior (prosocial behavior, internalizing behavior 
and disruptive behavior) is moderated by children’s and parents’ genetic liability for disruptive 
behavior, and this moderation is mediated via endophenotypes (i.e., resting HRV and cortisol 
from sweat) and child temperament.

Such a research approach would have to build on a group of participating at-risk families 
(i.e., high in parenting stress, as this is a risk factor for the development of harsh parenting 
practices; Jackson & Choi, 20118). A daily diary measurement approach could perhaps be 
implemented, over a longer period of time, offering a closer look at families as dynamic systems 
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that change over time (Repetti et al., 2015). Parents answer questions about the behavior of 
their child, their child’s temperament and how they handle certain situations during parenting 
throughout the day. As child development moves fast, yet with great variation between (and 
within) children (van Dijk & Van Geert, 2014; van Geert & van Dijk, 2015), a daily diary method 
is more sensitive to detect these variations, compared to ‘traditional’ questionnaires. Another 
benefit of using daily diary methods is that constructs can be measured with more variation, 
as every item of a questionnaire can be used to avoid compliance and fatigue, due to the 
frequent reports (Repetti et al., 2015).

Furthermore, while stress reactivity is informative on children’s stress response system, 
which in turn is predictive of disruptive behavior and later psychopathology (Hinnant & El-
Sheikh, 2013), it is also possible to assess HRV during a resting period. Resting HRV provides 
a baseline for autonomic function, while HRV under stress gives insights into how well an 
individual can handle and adapt to stress in the moment. Both are valuable but offer different 
predictive insights. The level of HRV during rest is considered to represent an individual’s 
general capacity and flexibility to regulate emotions (Appelhans & Luecken, 2006). In toddlers 
and older children, high resting HRV has been proven to relate to greater attention control, 
social competence, empathy, regulation of distress during frustrating events, and lower levels 
of aggression (Beauchaine, 2015). Over the past 10 years, wearable technology has gained 
significantly in its use, with smartwatches as one of the most popular and widely adopted 
devices. Among several of its functions, it can contain various sensors with which HRV and 
skin conductance (sweat) with cortisol detection can be registered (Ding et al., 2024). Even 
in children, the technique shows promising, non-invasive application prospects in research 
(Gorosa et al., 2021). I suggest integrating these new techniques in which both parents ―as 
parenting stress can lead to an increase in harsh parenting (Jackson & Choi, 2018)― and 
children wear a smartwatch in order to gain more insights into their regulatory processes and 
stress levels. Compared to a stress-inducing procedure, this technique is a lot less invasive for 
both the children and the parents and is less time-consuming, which also lowers the burden 
of participating in a study. HRV in rest gives valuable insight into long-term (health) outcomes, 
including emotional well-being and resilience to chronic stress.

Final Conclusion

In this dissertation, I found that in families with toddlers, harsh parenting increased over time, 
along with negative emotionality and disruptive behavior. However, there was no reinforcing 
dynamic between parenting, child negative emotionality and/or stress reactivity and disruptive 
behavior. In families with children aged 4 to 8 years old, I found that temperamental negative 
emotionality and harsh parenting predicted later disruptive behavior. However, parenting 
practices were found to not depend on child temperament, and this was true for parents from 
both lower and higher socioeconomic backgrounds. In investigating whether differences in 
how children respond to an improved parenting context are temperamental and/or genetic 
in nature, I found that temperament and children’s genetic makeup did not moderate the 
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intervention effect on disruptive behavior. Also, in the relationship between harsh parenting 
and disruptive behavior, neither temperament, genetic makeup, stress reactivity, nor SES 
was found to be of influence in this relation. Yet, I did find that the Incredible Years parenting 
intervention led to direct, simultaneous decreases in both negative emotionality and disruptive 
behavior. These findings counter the widely held belief that temperament traits are static, 
unchangeable modulators of the links between parenting and disruptive behavior. Instead, 
child temperament (negative emotionality) may at least partly be influenced by parents, which 
shows the importance of evaluating parenting interventions in terms of their effect on other 
important predictors of child outcomes.

Coming back to Lucas, with which this dissertation started, his story continues. As Lucas’ 
disruptive behavior increased, his parents decided to participate in a parenting program. 
At first, Lucas resisted the new strategies his parents learned from the program, such as 
structured routines, calm-down techniques, and positive reinforcement. However, over time, 
as his parents proved to be consistent in their approach and Lucas was given opportunities 
to practice emotion-regulation, his outbursts began to decrease. Lucas still had moments of 
emotionality, but these episodes became shorter, less intense and less disruptive. His social 
interactions improved as he learned how to express his emotions in healthier ways, and his 
academic performance followed suit. Lucas’s case illustrates that early intervention in which 
parents are employed as change agents, enabling them to deploy more warm and supportive 
parenting practices, can mitigate the development of more severe disruptive behavior. The 
effective parenting intervention not only decreased Lucas’ disruptive behavior, but also the 
temperamental characteristic of negative emotionality. Future will tell whether this might also 
change Lucas’ outcomes later in life.
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Chapter 2

As described in the Methods, after processing, the HR and HRV data were manually checked 
for noisy data. Noisy data are data in which values did not match plausible HR and HRV 
for this age group. Based on previous research, a cut-off of an HR below 95 (Nederlandse 
Hartstichting, n.d.) and an HRV above 100 (Nikolic et al., 2022; Zeegers et al., 2018) was made. 
This noisiness can be caused by movement and/or crying of the child or technical issues, such 
as a failing Bluetooth connection between the Polar device and the laptop.

The noisy data was checked per data point. In the processed data file, each data point is 
the average of HR or HRV for every 10 seconds. The baseline and recovery phases consisted 
of 18 data points each (the duration of the tasks was 3 minutes = 180 seconds, 180 seconds 
/ 10 = 18 datapoints). The mask, spider and robot phases each consisted of zero to 16 data 
points, depending on the duration of each phase. The duration of these phases varied as 
some toddlers cried during specific tasks, and the task was aborted, or the phase was skipped 
altogether if the parent decided to abort the experiment. When invalid values were present 
within a phase, they were flagged in the data file. If an invalid HR value (i.e., below 95) was 
flagged, the corresponding HRV value was also flagged. This resulted in the following number 
of cases per phase in which one or more values were flagged as invalid (Table 1).

Table 1 Number of cases with one or more invalid values per phase

Total N Baseline Mask Spider Robot Recovery
HRV T1 37 7 7 4 5 9
HRV T2 41 10 8 7 4 11
HRV T3 45 12 6 8 8 15

Note. HRV = heart rate variability

Next, each case that contained invalid values was manually inspected per phase using the raw 
data files (i.e., ECG data). The goal of this inspection was to determine whether there were at 
least 30 consecutive seconds (i.e. 3 datapoints) of sound data preceding or succeeding the 
invalid value(s) within the phase. When there were indeed at least 30 consecutive seconds 
(i.e. 3 data points) of sound data within the phase, these data points were used to calculate 
an average score of the specific phase, and the invalid values were deleted. When there were 
less than 30 consecutive seconds (i.e. 3 data points) of sound data within the phase, the phase 
was deleted from the dataset altogether. This resulted in the following number of cases that 
were used in the final dataset (Table 2).
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Table 2 Final number of cases in the dataset after deleting invalid values

N Baseline Mask Spider Robot Recovery
HRV T1 37

Final set 33 32 35 34 35
Adapted1 3 2 2 2 7
Deleted2 4 5 2 3 2

HRV T2 41
Final set 38 34 37 39 38
Adapted1 7 1 3 2 8
Deleted2 3 7 4 2 3

HRV T3 45
Final set 44 42 42 41 43
Adapted1 10 3 5 4 13
Deleted2 1 3 3 4 2

Note. HRV = heart rate variability. 1Adapted = invalid value(s) were deleted within the phase, with the 
remaining minimum of 30 consecutive seconds used to calculate the average HRV of the specific phase. 
2 Deleted = phase was deleted from the dataset, as there was no minimum of 30 consecutive seconds to 

calculate the average HRV with.

Chapter 3

Table 1 Descriptive Statistics (N = 386)

Parent-reportedb Observedc

M (SD) Min Max M (SD) Min Max
Negative emotionality (T1) 4.16 (0.87) 2.38 5.91
Socioeconomic status (T1)a 0.00 (0.99) -2.00 2.00
Supportive parenting (T2) 4.92 (0.58) 3.65 6.12 53.47 (21.43) 8.25 99.50
Harsh parenting (T2) 2.48 (0.57) 1.23 3.82 29.15 (17.72) 0.00 70.41
Disruptive child behavior (T1) 3.70 (0.51) 2.63 4.77 4.07 (3.99) 0.00 15.80
Disruptive child behavior (T3) 3.43 (0.52) 2.29 4.53 3.87 (3.84) 0.00 13.41

Note. The descriptive statistics reported are from winsorized data. aStandardized score of a composite SES 
score (M = 7.63, SD = 1.99), created by summing parental education (M = 3.27, SD = 0.82) and occupational 
prestige (M = 4.34, SD = 1.45). bMean scores, items on each questionnaire were answered on a scale from 
1 to 7. cTotal sum scores, reflecting the frequency of the observed behaviors.

﻿

A
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Handling of Outliers and Missing Data

Data was inspected for outliers, with scores beyond two standard deviations winsorized to two 
standard deviations from the mean and possible multivariate outliers checked using Cook‘s 
distance (Di > 1). There was some dropout during the study, as 23 (6%) families dropped out 
at wave 2 and 5 (1%) families at wave 3.  The „mice“ package in R (Van Buuren & Groothuis-
Oudshoorn, 2011) was used to multiply impute missing values for all three waves of the data. 
The data was multiply imputed 100 times in wide format (i.e., repeated measures were stored 
as additional columns, not additional rows), with imputation models constructed according 
to the data type. Numeric data was imputed by using predictive mean matching, so the only 
values chosen to replace missing values were among the observed values. Binary, ordinal, 
and nominal variables were imputed using logistic regression models. Predictors were 
chosen using concurrent and past observations so that, for example, imputation models for 
T2 variables also included their T1 counterparts. Demographic variables at T1 were included 
as predictors for all incomplete variables in the imputation models.

The nominal parental occupation variable included missing values (n = 99) that were not 
imputed during the multiple imputation process. As occupation and education tend to be 
strongly correlated (r = .51 in the current study), an index of SES was computed using only 
parental education for those participants with missing values for parental occupation in order 
to avoid throwing away data. Scores for both index subgroups were then turned into z-scores 
and merged to create a final SES score.

Figure 1 Moderated Mediation Analyses, Parent-reported Dysfunctional Parenting Behavior 
as a Mediator.

Note. Child gender and intervention status were controlled for in the analyses. The numbers 
represent unstandardized coefficients with standard errors in parentheses. The dotted lines indicate 
nonsignificant paths.
*p < 0.05, **p < 0.01, ***p < 0.001

A
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Figure 2 Moderated Mediation Analyses, Observed Dysfunctional Parenting Behavior as a 
Mediator.

Note. Child gender and intervention status were controlled for in the analyses. The numbers 
represent unstandardized coefficients with standard errors in parentheses. The dotted lines indicate 
nonsignificant paths.
*p < 0.05, **p < 0.01, ***p < 0.001

Figure 3 Moderated Mediation Analyses, Parent-reported Supportive Parenting Behavior as 
a Mediator.

Note. Child gender and intervention status were controlled for in the analyses. The numbers 
represent unstandardized coefficients with standard errors in parentheses. The dotted lines indicate 
nonsignificant paths.
*p < 0.05, **p < 0.01, ***p < 0.001
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Figure 4 Moderated Mediation Analyses, Observed Supportive Parenting Behavior as a Me-
diator.

Note. Child gender and intervention status were controlled for in the analyses. The numbers 
represent unstandardized coefficients with standard errors in parentheses. The dotted lines indicate 
nonsignificant paths.
*p < 0.05, **p < 0.01, ***p < 0.001

A
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Chapter 4

Data were imputed in wide format, separately within each treatment group to preserve 
any moderating effect of treatment conditions (i.e., hypothesized interaction effects). After 
removing a few auxiliary variables causing convergence problems in the control group (due 
to multicollinearity or too little variance; see online appendix), post-imputation diagnostics did 
not reveal any further problems with the 100 imputations, each of which were generated after 
five iterations. The primary advantage of FCS is the ability to uniquely specify each incomplete 
variable’s imputation model, which is optimal for preserving hypothesized effects of interest, 
choosing a statistical model appropriate for the scale of measurement, and including relevant 
subsets of predictors. The latter was necessary because the full data set included > 1000 
variables but only N = 386 subjects. We imputed numeric data (including Likert scales) using 
predictive mean matching, which also ensures imputed values are chosen only from observed 
values. Binary, ordinal, and nominal variables were imputed using logistic regression models 
for those scales of measurement.

The imputation sequence began with variables that were measured only on or before 
the pretest (e.g., demographics), which were also variables that appeared in the imputation 
model of every repeatedly measured variable at every wave of data collection. For repeatedly 
measured variables (including ECBI and CBQ-VSF scales) beginning at Wave 1, item-level 
imputation models included scale means for all scales3 measured at that wave, in addition to 
the scale to which the item belonged. Item-level imputation has been shown as superior to 
the imputation of scale composites (e.g., sum or mean of scale items; Gottschall et al., 2012) 
because it utilizes information from a subject’s partially completed scale. At subsequent waves 
of measurement, imputation models for individual items were made more precise by including 
the same item measured at all previous occasions (i.e., the past predicted the future for each 
item; Mainzer et al., 2021). To ensure scale means were available for imputation models when 
the mice() algorithm was initialized, scale means were first calculated using all observed items 
per subject. To maintain internal consistency and improve the efficiency of imputations, after 
each scale item was imputed during each iteration of the algorithm, the scale mean was 
recalculated prior to imputing the next variable (see “Passive Imputation” section in van Buuren 
& Groothuis-Oudshoorn, 2011, pp. 25–28).

Target analyses (described in the following subsections) included regression (via the lm() 
function in R; R Core Team, 2022) and structural equation models (SEM; via the R package 
lavaan, version 0.6-10; Rosseel, 2012). Rubin’s rules (for point and SE estimates) and pooled t and 
F statistics (see Grund et al., 2016, for an overview) for regression models were applied using 
the mitml package (version 0.4-3; Grund et al., 2021), whereas the semTools package (version 
0.5-6; Jorgensen et al., 2022) provided pooled estimates and test (z and χ2) statistics for SEMs.

3 See our online appendix (CITE OSF project, blinded for review) for a list of additional scales 
not included in these analyses, but used as auxiliary variables to justify the MAR assumption, 
thereby preventing biased results one might expect from traditional deletion or single-imputa-
tion methods (Baraldi & Enders., 2010).
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Multiple Imputation of ORCHIDS Data Set

Terrence D. Jorgensen and Marijke Huijzer–Engbrenghof

Last updated: 2023-06-08

Documentation of Imputation Procedure

This document was created with RMarkdown to document a multiple-imputation procedure for the data
set of the Observational Randomized Controlled Trial on Childhood Differential Susceptibility (ORCHIDS)
study, which was funded by the Dutch Research Council (NWO), grant number 452-10-005, awarded to
Prof. Dr. Geertjan Overbeek.

Multiple imputation was performed using the R package ‘mice‘

• van Buuren, S., & Groothuis-Oudshoorn, K. (2011). mice: Multivariate imputation by chained equa-
tions in R. Journal of Statistical Software, 45 (3), 1–67. https://doi.org/10.18637/jss.v045.i03

library(mice)

This document was first created as an online supplementary appendix to accompany the following paper:

• Huijzer-Engbrenghof, M., van Rijn–van Gelderen, L., van den Akker, A., Jorgensen, T. D., & Overbeek,
G. (2022). Intervention-Induced Temperament Changes in Children: Evidence from an RCT of the
Incredible Years Parenting Program. Manuscript in preparation.

• update citation with DOI when available

It also serves as a record for future publications that utilize the same imputed data set to investigate other
research questions.

Note: It is the authors’ sincere hope that the document can also serve as an instructional example of how
to impute large-scale longitudinal survey data, given the complexities involved. Any choices made here
reflect the authors’ best knowledge at the time. Rather than treat this as a scientific document, readers
should consult the methodological literature for the latest state-of-the-art multiple imputation procedures.
However, the R syntax documented here should prove useful in any case.

Data Preparation in SPSS

Before conducting multiple imputation in R, the data were prepared in SPSS. Here is a record of how the
original data set was managed.

The data contained the following demographic variables

• Sexes of both child and primary caregiver: male (0) and female (1)
• Dates of birth for both child and primary caregiver

1
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• Educational level of each parent/caregiver, coded as: Primary education (1), Secondary education (2),
Higher vocational education (3), Higher education (university or college) (4), Other (5)

• Ethnicity, coded as: European (1), Asian (2), African (3), North American (4), South American (5),
and Mixed (6).

• Work status: Payed employment = no (0) or yes (1).
• Hours worked per week: 0-9 hours (1), 8-19 hours (2), 19-30 hours (3), 30-38 hours (4), and 38 hours

or more (5).
• Religion: Christian (1), Islamic (2), Jewish (3), Atheist (4), and Other (5).
• Relation of each caregiver to child: Biological mother (1), Biological father (2), Stepmother (3), Step-

father (4), Guardian (5), and Other (6).
• Study condition: Intervention (1) ir control (2) group.
• Cohort: first cohort (1) or second cohort (2)
• Number of intervention sessions attended
• Whether child and each caregiver was born in the Netherlands: yes (1) or no (2).
• Relation status for caregivers: Married (1), Living together (2), Single (3), New family constellation

(4), and Other (5).
• Number of adults living in the home
• Number of children living in the home (including child under study)

Furthermore, the data contained item-responses to several scales at each wave of measurement:

• Eyberg Child Behavior Inventory questionnaire (ECBI), completed by parents on 5 waves on a 7-point
Likert scale for the intensity (ECBI-a) of the behavior. On a binary scale parents indicated whether
the behavior caused problems (ECBI-b).

• Child Behavior Questionnaire (CBQ), completed by parents on 5 waves on a 7-point Likert scale
• Matson Evaluation of Social Skills with Youngsters (MESSY), completed by parents on 4 waves on a

5-point Likert scale
• Strengths and Difficulties Questionnaire (SDQ), completed by parents on 5 waves on a 5-point Likert

scale
• Parent Practices Interview (PPI), completed by parents on 5 waves on a 7-point Likert scale
• Nijmeegse Ouderlijke Stress Index Kort (NOSI-K), completed by parents on 5 waves on a 6-point Likert

scale
• Life events, completed by parents on only wave 5 on a dichotomous scale (yes/no) and how the event

impacted (positive/negative/no impact)
• Dyadic Parent–Child Interaction Coding System (DPICS), observed by researchers on 3 waves by

tallying various parent and child behaviors

The following changes were made to the SPSS file, in order to

• remove any redundant variables prior to imputation
• reduce the number of variables/categories about which there was not enough information to impute

missing values

Reverse-coding

Reverse-coded and/or rescaled copies of variables were removed:

• PPI
• SDQ
• CBQ

2
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Open-ended questions

Open-ended questions were coded into categories, resulting in several “groups” with only 1 or few observa-
tions. Because these sample sizes would not be informative enough to investigate group differences among
them, we removed some categories and collapsed some variables into dummy codes (conforming to how the
variable would be analyzed).

• ECBI open ended questions
• Demographic: description of work
• Demographic: follow-up on marital status “Other” category
• Demographic: follow-up on reason not working “Other” category
• Demographic: follow-up on relation to child “Other”category

Due to small sample sizes in detailed demographic variables, single binary variables were created:

• Demographic: relation to child (1=biological child, 0= not biological child)
• Demographic: Child born in the Netherlands (Yes/No), Parent born in the Netherlands (Yes/No),

grandparents removed due to redundancy.

Variables with many categories were collapsed.

• Demographic: within religion collapsed Buddhist and Hindu to “other” category, recoded 1-5
• Demographic: multiple variables on parent education. Kept education level with fever categories and

largest sample.
• Demographic: multiple variables on marital status. Kept variable with fever categories and largest

sample.
• DPICS: contains 34 categories, coded in 3 situations (child directed play, parent directed play, and

clean-up), thus 102 in total. Collapsed these 3 situations to keep amount of categories manageable and
have enough variance in the data.

Following all recoding, data were checked for illogical entries.

• Minimum and maximum values were printed to check that all values were within bounds.

• Blank entries were replaced by “999” to mark them as explicitly missing (so they would be imputed).

• Names of repeated measured variables were aligned (e.g., same spelling and capitalization, logical
suffixes for waves) to facilitate some automation specifying imputation models in R.

• Wave 5 contained questions on whether parent had omission and/or hindrance on several topics due
to child’s misbehavior. These questions were removed from the data set.

• Wave 5 contained questions on whether the parent had help in housekeeping and/or childcare due to
child’s misbehavior. These questions were removed from the set.

Some ages of parent or child were missing. We used as much information available to figure out the possible
age range.

• When a starting date was available the age at that date was calculated. In four cases there was an age
present of either the parent or the child, but no starting date. Based on the birthday and the available
age we manually calculated the starting date. With this date we were able to calculate the age of the
missing per case.

3
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• For one case there was no age or starting date available. For this case we calculated the minimum
and maximum possible age, based on the minimum and maximum starting date of the study, to use as
range limit in the imputation.

The SPSS file contained individual items across scales as well as (sub)scale scores calculated as the mean
of as many scale items as were observed per person. Because we imputed individual items, the (sub)scale
scores were removed from the SPSS file so that new (sub)scale scores could be calculated from all (imputed)
data.

Data Preparation in R

After initial preparation in SPSS, the data were imported into R for some additional preparation.

library(foreign)

dat.ORCHIDS <- read.spss("../data/ORCHIDS_trimmed_0908621.sav",
to.data.frame = TRUE, use.value.labels = FALSE)

dim(dat.ORCHIDS) # 386 rows by 1395 columns

Collect variable names

Some variables were not informative for imputation because they were unique ID variables (for the family
and its child and primary caregiver). Others were uninformative because they contained categories without
(m)any observations (recoded to dummies for imputation, but original codes should be retained). The
treatment-group variable Conditie_updated was also not used because data were imputed separately per
group. These variables to ignore were collected in a set called IDs.

IDs <- c("IDnummer", "ID_child", "ID_parent", "Conditie_updated",
## also variables that are not informative for imputation
"GebdatumKind_checked","GebdatumOuder_checked","VerhoudingKind_1",
"Ethnic_bg", "GeblandKind_recoded")

Most demographic variables (also cohort and number of sessions attended) were measured once (e.g., at the
start of the study), so they were to be included in every variable’s imputation model.

Demog <- c("Cohort", "Sessies_updated","ageP_yr","ageC_yr","SekseOuder_updated",
"SekseKind_updated", "VerhoudingKind_dummy",
"Edu_mother_recoded", "Edu_father_recoded",
"BornNL_child", "BornNL_mother", "BornNL_father",
"Religion_mother_short", "Religion_father_short")

A few demographics could vary over time, such as work status/hours and living situations:

Misc12345 <- list(misc1 = c("Woonsituatie_1","AantalVolwassenen_1","AantalKk_1"),
misc2 = c("Woonsituatie_2","AantalVolwassenen_2","AantalKk_2"),
misc3 = c("Woonsituatie_3","AantalVolwassenen_3","AantalKk_3"),
misc4 = c("Woonsituatie_4","AantalVolwassenen_4","AantalKk_4"),
misc5 = c("Woonsituatie_5","AantalVolwassenen_5","AantalKk_5"))

Work <- list(work1 = c("Werk_1","UurWerk_1"),
work2 = c("Werk_2","UurWerk_2"),

4
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work3 = c("Werk_3","UurWerk_3"),
work4 = c("Werk_4","UurWerk_4"),
work5 = c("Werk_5")) # hours not measured on Wave 5

All other variables belonged to a (sub)scale, whose names were collected in sets of vectors.

• one vector of variable names in each scale at each wave
• each wave’s vector stored in a list.

For example, 20 MESSY variables on each occasion were stored as MESSY_1–MESSY_20 with an additional
suffix to indicate waves 1–5. Each wave’s vector of variable names was itself named for the construct (MESSY)
with the same wave-specific suffix. Finally, the list itself was saved in an object named for the construct.

MESSY <- list(MESSY_1 = paste0("MESSY_", 1:20, "_1"),
MESSY_2 = paste0("MESSY_", 1:20, "_2"),
MESSY_3 = paste0("MESSY_", 1:20, "_3"),
MESSY_4 = paste0("MESSY_", 1:20, "_4"))

lapply(MESSY, head)

MESSY and NOSIK did not have any subscales, but for all other scales, we stored variables in vectors per
subscales described in that scale’s manual:

• CBQ subscales: effortfull control, surgency, and negative emotionality
• SDQ subscales: for emotional problem, conduct problem, hyperactivity, peer problem and pro social

behavior.
• PPI subscales: appropriate discipline, harsh & inconsistent discipline, positive verbal discipline,

monitoring, physical punishment, praise & incentives, and clear expectations.
• DPICS subscales: parent behavior and child behavior.

## ECBI sets per wave: a = intensity scale, b = problem scale (binary)
ECBIa <- list(ECBI_a_1 = paste0("ECBI_", 1:36, "a_1"),

ECBI_a_2 = paste0("ECBI_", 1:36, "a_2"),
ECBI_a_3 = paste0("ECBI_", 1:36, "a_3"),
ECBI_a_4 = paste0("ECBI_", 1:36, "a_4"),
ECBI_a_5 = paste0("ECBI_", 1:36, "a_5"))

ECBIb <- list(ECBI_b_1 = paste0("ECBI_", 1:36, "b_1"),
ECBI_b_2 = paste0("ECBI_", 1:36, "b_2"),
ECBI_b_3 = paste0("ECBI_", 1:36, "b_3"),
ECBI_b_4 = paste0("ECBI_", 1:36, "b_4"))

## CBQ sets per wave
CBQ_eff <- list(CBQ_eff_1 = c("CBQ_3_1","CBQ_6_1","CBQ_9_1","CBQ_12_1", "CBQ_15_1","CBQ_18_1",

"CBQ_21_1", "CBQ_24_1", "CBQ_27_1", "CBQ_30_1", "CBQ_33_1","CBQ_36_1"),
CBQ_eff_2 = c("CBQ_3_2","CBQ_6_2","CBQ_9_2","CBQ_12_2", "CBQ_15_2","CBQ_18_2",

"CBQ_21_2", "CBQ_24_2", "CBQ_27_2", "CBQ_30_2", "CBQ_33_2","CBQ_36_2"),
CBQ_eff_3 = c("CBQ_3_3","CBQ_6_3","CBQ_9_3","CBQ_12_3", "CBQ_15_3","CBQ_18_3",

"CBQ_21_3", "CBQ_24_3", "CBQ_27_3", "CBQ_30_3", "CBQ_33_3","CBQ_36_3"),
CBQ_eff_4 = c("CBQ_3_4","CBQ_6_4","CBQ_9_4","CBQ_12_4", "CBQ_15_4","CBQ_18_4",

"CBQ_21_4", "CBQ_24_4", "CBQ_27_4", "CBQ_30_4", "CBQ_33_4","CBQ_36_4"),
CBQ_eff_5 = c("CBQ_3_5","CBQ_6_5","CBQ_9_5","CBQ_12_5", "CBQ_15_5","CBQ_18_5",

"CBQ_21_5", "CBQ_24_5", "CBQ_27_5", "CBQ_30_5", "CBQ_33_5","CBQ_36_5"))
CBQ_sur <- list(CBQ_sur_1 = c("CBQ_1_1","CBQ_4_1","CBQ_7_1","CBQ_10_1","CBQ_R13_1","CBQ_16_1",

"CBQ_R19_1","CBQ_R22_1", "CBQ_25_1", "CBQ_28_1","CBQ_R31_1","CBQ_R34_1"),
CBQ_sur_2 = c("CBQ_1_2","CBQ_4_2","CBQ_7_2","CBQ_10_2","CBQ_R13_2","CBQ_16_2",
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"CBQ_R19_2","CBQ_R22_2", "CBQ_25_2", "CBQ_28_2","CBQ_R31_2","CBQ_R34_2"),
CBQ_sur_3 = c("CBQ_1_3","CBQ_4_3","CBQ_7_3","CBQ_10_3","CBQ_R13_3","CBQ_16_3",

"CBQ_R19_3","CBQ_R22_3", "CBQ_25_3", "CBQ_28_3","CBQ_R31_3","CBQ_R34_3"),
CBQ_sur_4 = c("CBQ_1_4","CBQ_4_4","CBQ_7_4","CBQ_10_4","CBQ_R13_4","CBQ_16_4",

"CBQ_R19_4","CBQ_R22_4", "CBQ_25_4", "CBQ_28_4","CBQ_R31_4","CBQ_R34_4"),
CBQ_sur_5 = c("CBQ_1_5","CBQ_4_5","CBQ_7_5","CBQ_10_5","CBQ_R13_5","CBQ_16_5",

"CBQ_R19_5","CBQ_R22_5", "CBQ_25_5", "CBQ_28_5","CBQ_R31_5","CBQ_R34_5"))
CBQ_neg <- list(CBQ_neg_1 = c("CBQ_2_1","CBQ_5_1","CBQ_8_1","CBQ_11_1", "CBQ_14_1","CBQ_17_1",

"CBQ_R20_1", "CBQ_23_1","CBQ_R26_1","CBQ_R29_1", "CBQ_32_1","CBQ_35_1"),
CBQ_neg_2 = c("CBQ_2_2","CBQ_5_2","CBQ_8_2","CBQ_11_2", "CBQ_14_2","CBQ_17_2",

"CBQ_R20_2", "CBQ_23_2","CBQ_R26_2","CBQ_R29_2", "CBQ_32_2","CBQ_35_2"),
CBQ_neg_3 = c("CBQ_2_3","CBQ_5_3","CBQ_8_3","CBQ_11_3", "CBQ_14_3","CBQ_17_3",

"CBQ_R20_3", "CBQ_23_3","CBQ_R26_3","CBQ_R29_3", "CBQ_32_3","CBQ_35_3"),
CBQ_neg_4 = c("CBQ_2_4","CBQ_5_4","CBQ_8_4","CBQ_11_4", "CBQ_14_4","CBQ_17_4",

"CBQ_R20_4", "CBQ_23_4","CBQ_R26_4","CBQ_R29_4", "CBQ_32_4","CBQ_35_4"),
CBQ_neg_5 = c("CBQ_2_5","CBQ_5_5","CBQ_8_5","CBQ_11_5", "CBQ_14_5","CBQ_17_5",

"CBQ_R20_5", "CBQ_23_5","CBQ_R26_5","CBQ_R29_5", "CBQ_32_5","CBQ_35_5"))

## SDQ sets per wave including reversed scores, with subscales
SDQ_emo <- list(SDQ_emo_1 = c("SDQ_3_1", "SDQ_8_1", "SDQ_13_1", "SDQ_16_1", "SDQ_24_1"),

SDQ_emo_2 = c("SDQ_3_2", "SDQ_8_2", "SDQ_13_2", "SDQ_16_2", "SDQ_24_2"),
SDQ_emo_3 = c("SDQ_3_3", "SDQ_8_3", "SDQ_13_3", "SDQ_16_3", "SDQ_24_3"),
SDQ_emo_4 = c("SDQ_3_4", "SDQ_8_4", "SDQ_13_4", "SDQ_16_4", "SDQ_24_4"),
SDQ_emo_5 = c("SDQ_3_5", "SDQ_8_5", "SDQ_13_5", "SDQ_16_5", "SDQ_24_5"))

SDQ_conduct <- list(SDQ_conduct_1 = c("SDQ_5_1", "SDQ_R7_1", "SDQ_12_1", "SDQ_18_1", "SDQ_22_1"),
SDQ_conduct_2 = c("SDQ_5_2", "SDQ_R7_2", "SDQ_12_2", "SDQ_18_2", "SDQ_22_2"),
SDQ_conduct_3 = c("SDQ_5_3", "SDQ_R7_3", "SDQ_12_3", "SDQ_18_3", "SDQ_22_3"),
SDQ_conduct_4 = c("SDQ_5_4", "SDQ_R7_4", "SDQ_12_4", "SDQ_18_4", "SDQ_22_4"),
SDQ_conduct_5 = c("SDQ_5_5", "SDQ_R7_5", "SDQ_12_5", "SDQ_18_5", "SDQ_22_5"))

SDQ_hyper <- list(SDQ_hyper_1 = c("SDQ_2_1", "SDQ_10_1", "SDQ_15_1", "SDQ_R21_1", "SDQ_R25_1"),
SDQ_hyper_2 = c("SDQ_2_2", "SDQ_10_2", "SDQ_15_2", "SDQ_R21_2", "SDQ_R25_2"),
SDQ_hyper_3 = c("SDQ_2_3", "SDQ_10_3", "SDQ_15_3", "SDQ_R21_3", "SDQ_R25_3"),
SDQ_hyper_4 = c("SDQ_2_4", "SDQ_10_4", "SDQ_15_4", "SDQ_R21_4", "SDQ_R25_4"),
SDQ_hyper_5 = c("SDQ_2_5", "SDQ_10_5", "SDQ_15_5", "SDQ_R21_5", "SDQ_R25_5"))

SDQ_peer <- list(SDQ_peer_1 = c("SDQ_6_1", "SDQ_R11_1", "SDQ_R14_1", "SDQ_19_1", "SDQ_23_1"),
SDQ_peer_2 = c("SDQ_6_2", "SDQ_R11_2", "SDQ_R14_2", "SDQ_19_2", "SDQ_23_2"),
SDQ_peer_3 = c("SDQ_6_3", "SDQ_R11_3", "SDQ_R14_3", "SDQ_19_3", "SDQ_23_3"),
SDQ_peer_4 = c("SDQ_6_4", "SDQ_R11_4", "SDQ_R14_4", "SDQ_19_4", "SDQ_23_4"),
SDQ_peer_5 = c("SDQ_6_5", "SDQ_R11_5", "SDQ_R14_5", "SDQ_19_5", "SDQ_23_5"))

SDQ_prosocial <- list(SDQ_prosocial_1 = c("SDQ_1_1", "SDQ_4_1", "SDQ_9_1", "SDQ_17_1", "SDQ_20_1"),
SDQ_prosocial_2 = c("SDQ_1_2", "SDQ_4_2", "SDQ_9_2", "SDQ_17_2", "SDQ_20_2"),
SDQ_prosocial_3 = c("SDQ_1_3", "SDQ_4_3", "SDQ_9_3", "SDQ_17_3", "SDQ_20_3"),
SDQ_prosocial_4 = c("SDQ_1_4", "SDQ_4_4", "SDQ_9_4", "SDQ_17_4", "SDQ_20_4"),
SDQ_prosocial_5 = c("SDQ_1_5", "SDQ_4_5", "SDQ_9_5", "SDQ_17_5", "SDQ_20_5"))

## PPI sets per wave including rescaled and reversed scores, with subscales
PPI_appropriate <- list(PPI_appropriate_1 = c("PPI_5B_1","PPI_1C_1","PPI_3C_1","PPI_1E_1",

"PPI_2E_1","PPI_3E_1","PPI_1G_1","PPI_2G_1",
"PPI_3G_1","PPI_11B_1","PPI_11C_1","PPI_R15B_1"),

PPI_appropriate_2 = c("PPI_5B_2","PPI_1C_2","PPI_3C_2","PPI_1E_2",
"PPI_2E_2","PPI_3E_2","PPI_1G_2","PPI_2G_2",
"PPI_3G_2","PPI_11B_2","PPI_11C_2","PPI_R15B_2"),

PPI_appropriate_3 = c("PPI_5B_3","PPI_1C_3","PPI_3C_3","PPI_1E_3","
PPI_2E_3","PPI_3E_3","PPI_1G_3","PPI_2G_3",
"PPI_3G_3","PPI_11B_3","PPI_11C_3","PPI_R15B_3"),

PPI_appropriate_4 = c("PPI_5B_4","PPI_1C_4","PPI_3C_4","PPI_1E_4",
"PPI_2E_4","PPI_3E_4","PPI_1G_4","PPI_2G_4",
"PPI_3G_4","PPI_11B_4","PPI_11C_4","PPI_R15B_4"),
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PPI_appropriate_5 = c("PPI_5B_5","PPI_1C_5","PPI_3C_5","PPI_1E_5",
"PPI_2E_5","PPI_3E_5","PPI_1G_5","PPI_2G_5",
"PPI_3G_5","PPI_11B_5","PPI_11C_5","PPI_R15B_5"))

PPI_harsh <- list(PPI_harsh_1 = c("PPI_1B_1","PPI_2B_1","PPI_3B_1","PPI_1D_1","PPI_2D_1",
"PPI_3D_1","PPI_5E_1","PPI_5F_1","PPI_5A_1","PPI_5C_1",
"PPI_5D_1","PPI_5G_1","PPI_5H_1","PPI_1A_1","PPI_3A_1"),

PPI_harsh_2 = c("PPI_1B_2","PPI_2B_2","PPI_3B_2","PPI_1D_2","PPI_2D_2",
"PPI_3D_2","PPI_5E_2","PPI_5F_2","PPI_5A_2","PPI_5C_2",
"PPI_5D_2","PPI_5G_2","PPI_5H_2","PPI_1A_2","PPI_3A_2"),

PPI_harsh_3 = c("PPI_1B_3","PPI_2B_3","PPI_3B_3","PPI_1D_3","PPI_2D_3",
"PPI_3D_3","PPI_5E_3","PPI_5F_3","PPI_5A_3","PPI_5C_3",
"PPI_5D_3","PPI_5G_3","PPI_5H_3","PPI_1A_3","PPI_3A_3"),

PPI_harsh_4 = c("PPI_1B_4","PPI_2B_4","PPI_3B_4","PPI_1D_4","PPI_2D_4",
"PPI_3D_4","PPI_5E_4","PPI_5F_4","PPI_5A_4","PPI_5C_4",
"PPI_5D_4","PPI_5G_4","PPI_5H_4","PPI_1A_4","PPI_3A_4"),

PPI_harsh_5 = c("PPI_1B_5","PPI_2B_5","PPI_3B_5","PPI_1D_5","PPI_2D_5",
"PPI_3D_5","PPI_5E_5","PPI_5F_5","PPI_5A_5","PPI_5C_5",
"PPI_5D_5","PPI_5G_5","PPI_5H_5","PPI_1A_5","PPI_3A_5"))

PPI_posverb <- list(PPI_posverb_1 = c("PPI_2C_1","PPI_1K_1","PPI_2K_1","PPI_3K_1","PPI_11A_1",
"PPI_7_1","PPI_S8A_1","PPI_9D_1","PPI_R9E_1"),

PPI_posverb_2 = c("PPI_2C_2","PPI_1K_2","PPI_2K_2","PPI_3K_2","PPI_11A_2",
"PPI_7_2","PPI_S8A_2","PPI_9D_2","PPI_R9E_2"),

PPI_posverb_3 = c("PPI_2C_3","PPI_1K_3","PPI_2K_3","PPI_3K_3","PPI_11A_3",
"PPI_7_3","PPI_S8A_3","PPI_9D_3","PPI_R9E_3"),

PPI_posverb_4 = c("PPI_2C_4","PPI_1K_4","PPI_2K_4","PPI_3K_4","PPI_11A_4",
"PPI_7_4","PPI_S8A_4","PPI_9D_4","PPI_R9E_4"),

PPI_posverb_5 = c("PPI_2C_5","PPI_1K_5","PPI_2K_5","PPI_3K_5","PPI_11A_5",
"PPI_7_5","PPI_S8A_5","PPI_9D_5","PPI_R9E_5"))

PPI_monitoring <- list(PPI_monitoring_1 = c("PPI_S12_1","PPI_R12_1","PPI_S14A_1","PPI_S14B_1",
"PPI_R15C_1","PPI_S13_1","PPI_R13_1"),

PPI_monitoring_2 = c("PPI_S12_2","PPI_R12_2","PPI_S14A_2","PPI_S14B_2",
"PPI_R15C_2","PPI_S13_2","PPI_R13_2"),

PPI_monitoring_3 = c("PPI_S12_3","PPI_R12_3","PPI_S14A_3","PPI_S14B_3",
"PPI_R15C_3","PPI_S13_3","PPI_R13_3"),

PPI_monitoring_4 = c("PPI_S12_4","PPI_R12_4","PPI_S14A_4","PPI_S14B_4",
"PPI_R15C_4","PPI_S13_4","PPI_R13_4"),

PPI_monitoring_5 = c("PPI_S12_5","PPI_R12_5","PPI_S14A_5","PPI_S14B_5",
"PPI_R15C_5","PPI_S13_5","PPI_R13_5"))

PPI_physpun <- list(PPI_physpun_1=c("PPI_1H_1","PPI_2H_1","PPI_3H_1","PPI_1I_1","PPI_2I_1","PPI_3I_1"),
PPI_physpun_2=c("PPI_1H_2","PPI_2H_2","PPI_3H_2","PPI_1I_2","PPI_2I_2","PPI_3I_2"),
PPI_physpun_3=c("PPI_1H_3","PPI_2H_3","PPI_3H_3","PPI_1I_3","PPI_2I_3","PPI_3I_3"),
PPI_physpun_4=c("PPI_1H_4","PPI_2H_4","PPI_3H_4","PPI_1I_4","PPI_2I_4","PPI_3I_4"),
PPI_physpun_5=c("PPI_1H_5","PPI_2H_5","PPI_3H_5","PPI_1I_5","PPI_2I_5","PPI_3I_5"))

PPI_praise <- list(PPI_praise_1 = c("PPI_6B_1","PPI_6C_1","PPI_6D_1","PPI_6E_1","PPI_6F_1","PPI_S8B_1",
"PPI_R9A_1","PPI_R9B_1","PPI_9C_1","PPI_9G_1","PPI_11D_1"),

PPI_praise_2 = c("PPI_6B_2","PPI_6C_2","PPI_6D_2","PPI_6E_2","PPI_6F_2","PPI_S8B_2",
"PPI_R9A_2","PPI_R9B_2","PPI_9C_2","PPI_9G_2","PPI_11D_2"),

PPI_praise_3 = c("PPI_6B_3","PPI_6C_3","PPI_6D_3","PPI_6E_3","PPI_6F_3","PPI_S8B_3",
"PPI_R9A_3","PPI_R9B_3","PPI_9C_3","PPI_9G_3","PPI_11D_3"),

PPI_praise_4 = c("PPI_6B_4","PPI_6C_4","PPI_6D_4","PPI_6E_4","PPI_6F_4","PPI_S8B_4",
"PPI_R9A_4","PPI_R9B_4","PPI_9C_4","PPI_9G_4","PPI_11D_4"),

PPI_praise_5 = c("PPI_6B_5","PPI_6C_5","PPI_6D_5","PPI_6E_5","PPI_6F_5","PPI_S8B_5",
"PPI_R9A_5","PPI_R9B_5","PPI_9C_5","PPI_9G_5","PPI_11D_5"))

PPI_clearexp <- list(PPI_clearexp_1 = c("PPI_1J_1","PPI_2J_1","PPI_3J_1",
"PPI_10A_1","PPI_10B_1","PPI_10C_1"),

PPI_clearexp_2 = c("PPI_1J_2","PPI_2J_2","PPI_3J_2",
"PPI_10A_2","PPI_10B_2","PPI_10C_2"),

PPI_clearexp_3 = c("PPI_1J_3","PPI_2J_3","PPI_3J_3",
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"PPI_10A_3","PPI_10B_3","PPI_10C_3"),
PPI_clearexp_4 = c("PPI_1J_4","PPI_2J_4","PPI_3J_4",

"PPI_10A_4","PPI_10B_4","PPI_10C_4"),
PPI_clearexp_5 = c("PPI_1J_5","PPI_2J_5","PPI_3J_5",

"PPI_10A_5","PPI_10B_5","PPI_10C_5"))

## NOSIK set (wave 5 only)
NOSIK_5 <- paste0("NOSIK_", 1:25, "_5")

## Life events wave 5
## a = yes/no event happened
## b = positive, negative, no influence
Life_a_5 <- paste0("Life_event_", 1:35, "a_5")
Life_b_5 <- paste0("Life_event_", 1:35, "b_5")

## DPICS set per wave, wave 1, 2, and 3, subscales for parent and child
DPICS_parent <- list(DPICS_parent_1 = c("DPICS_ACK_P_1","DPICS_IV_P_1","DPICS_S_P_1","DPICS_RS_P_1",

"DPICS_RQ_P_1","DPICS_Q_P_1","DPICS_DQE_P_1","DPICS_DCE_P_1",
"DPICS_UP_P_1","DPICS_LP_P_1","DPICS_PPA_P_1","DPICS_PP_P_1",
"DPICS_PI_P_1","DPICS_PN_P_1","DPICS_CS_P_1","DPICS_NC_P_1",
"DPICS_IC_P_1","DPICS_IC_CP_P_1","DPICS_IC_NCP_P_1",
"DPICS_IC_NO_P_1","DPICS_DC_P_1","DPICS_DC_NO_P_1",
"DPICS_DC_CP_P_1","DPICS_DC_NCP_P_1","DPICS_IGN_P_1",
"DPICS_GR_P_1","DPICS_GR_NO_P_1","DPICS_GR_CP_P_1",
"DPICS_GR_NCP_P_1","DPICS_W_P_1","DPICS_W_NO_P_1",
"DPICS_W_CP_P_1","DPICS_W_NCP_P_1","DPICS_TOW_P_1",
"DPICS_TOW_NO_P_1","DPICS_TOW_CP_P_1","DPICS_TOW_NCP_P_1"),

DPICS_parent_2 = c("DPICS_ACK_P_2","DPICS_IV_P_2","DPICS_S_P_2","DPICS_RS_P_2",
"DPICS_RQ_P_2","DPICS_Q_P_2","DPICS_DQE_P_2","DPICS_DCE_P_2",
"DPICS_UP_P_2","DPICS_LP_P_2","DPICS_PPA_P_2","DPICS_PP_P_2",
"DPICS_PI_P_2","DPICS_PN_P_2","DPICS_CS_P_2","DPICS_NC_P_2",
"DPICS_IC_P_2","DPICS_IC_CP_P_2","DPICS_IC_NCP_P_2",
"DPICS_IC_NO_P_2","DPICS_DC_P_2","DPICS_DC_NO_P_2",
"DPICS_DC_CP_P_2","DPICS_DC_NCP_P_2","DPICS_IGN_P_2",
"DPICS_GR_P_2","DPICS_GR_NO_P_2","DPICS_GR_CP_P_2",
"DPICS_GR_NCP_P_2","DPICS_W_P_2","DPICS_W_NO_P_2",
"DPICS_W_CP_P_2","DPICS_W_NCP_P_2","DPICS_TOW_P_2",
"DPICS_TOW_NO_P_2","DPICS_TOW_CP_P_2","DPICS_TOW_NCP_P_2"),

DPICS_parent_3 = c("DPICS_ACK_P_3","DPICS_IV_P_3","DPICS_S_P_3","DPICS_RS_P_3",
"DPICS_RQ_P_3","DPICS_Q_P_3","DPICS_DQE_P_3","DPICS_DCE_P_3",
"DPICS_UP_P_3","DPICS_LP_P_3","DPICS_PPA_P_3","DPICS_PP_P_3",
"DPICS_PI_P_3","DPICS_PN_P_3","DPICS_CS_P_3","DPICS_NC_P_3",
"DPICS_IC_P_3","DPICS_IC_CP_P_3","DPICS_IC_NCP_P_3",
"DPICS_IC_NO_P_3","DPICS_DC_P_3","DPICS_DC_NO_P_3",
"DPICS_DC_CP_P_3","DPICS_DC_NCP_P_3","DPICS_IGN_P_3",
"DPICS_GR_P_3","DPICS_GR_NO_P_3","DPICS_GR_CP_P_3",
"DPICS_GR_NCP_P_3","DPICS_W_P_3","DPICS_W_NO_P_3",
"DPICS_W_CP_P_3","DPICS_W_NCP_P_3","DPICS_TOW_P_3",
"DPICS_TOW_NO_P_3","DPICS_TOW_CP_P_3","DPICS_TOW_NCP_P_3"))

DPICS_child <- list(DPICS_child_1 = c("DPICS_CPAN_1","DPICS_CPAV_1","DPICS_CPW_1","DPICS_CST_1",
"DPICS_CCWY_1","DPICS_CD_1","DPICS_CPN_1"),

DPICS_child_2 = c("DPICS_CPAN_2","DPICS_CPAV_2","DPICS_CPW_2","DPICS_CST_2",
"DPICS_CCWY_2","DPICS_CD_2","DPICS_CPN_2"),

DPICS_child_3 = c("DPICS_CPAN_3","DPICS_CPAV_3","DPICS_CPW_3","DPICS_CST_3",
"DPICS_CCWY_3","DPICS_CD_3","DPICS_CPN_3"))

When individual items were not part of a subscale (some PPI and DPICS items), they were put in a separate
set and were not used as predictors in the imputation models.
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## PPI extras on all 5 waves
PPI_extra <- list(c('PPI_1F_1','PPI_2A_1','PPI_2F_1','PPI_3F_1','PPI_4A_1','PPI_4B_1','PPI_4C_1',

'PPI_4D_1','PPI_4E_1','PPI_9F_1','PPI_15A_1','PPI_15D_1','PPI_S14C_1','PPI_R6A_1'),
c('PPI_1F_2','PPI_2A_2','PPI_2F_2','PPI_3F_2','PPI_4A_2','PPI_4B_2','PPI_4C_2',

'PPI_4D_2','PPI_4E_2','PPI_9F_2','PPI_15A_2','PPI_15D_2','PPI_S14C_2','PPI_R6A_2'),
c('PPI_1F_3','PPI_2A_3','PPI_2F_3','PPI_3F_3','PPI_4A_3','PPI_4B_3','PPI_4C_3',

'PPI_4D_3','PPI_4E_3','PPI_9F_3','PPI_15A_3','PPI_15D_3','PPI_S14C_3','PPI_R6A_3'),
c('PPI_1F_4','PPI_2A_4','PPI_2F_4','PPI_3F_4','PPI_4A_4','PPI_4B_4','PPI_4C_4',

'PPI_4D_4','PPI_4E_4','PPI_9F_4','PPI_15A_4','PPI_15D_4','PPI_S14C_4','PPI_R6A_4'),
c('PPI_1F_5','PPI_2A_5','PPI_2F_5','PPI_3F_5','PPI_4A_5','PPI_4B_5','PPI_4C_5',

'PPI_4D_5','PPI_4E_5','PPI_9F_5','PPI_15A_5','PPI_15D_5','PPI_S14C_5','PPI_R6A_5'))
## DPICS extras measured only on first 3 waves
Misc123 <- list(misc1 = c("DPICS_P_POS_1","DPICS_P_NEG_1","DPICS_C_POS_1","DPICS_C_NEG_1"),

misc2 = c("DPICS_P_POS_2","DPICS_P_NEG_2","DPICS_C_POS_2","DPICS_C_NEG_2"),
misc3 = c("DPICS_P_POS_3","DPICS_P_NEG_3","DPICS_C_POS_3","DPICS_C_NEG_3"))

Storing the same variable names (in the same order) across occasions enabled us to easily:

• Regress each item on the same item from previous occasions, as well as the scale totals from previous
occasions (a way to use all information but reduce the number of parameters)

• Use scale totals to predict missing values of other variables measured on the same occasion

Finally, all scale names were saved in a vector, so we could loop over constructs to repeat the same task of
automatically specifying imputation models.

ScaleNames <- c("CBQ_eff", "CBQ_sur", "CBQ_neg",
"SDQ_emo", "SDQ_conduct", "SDQ_hyper", "SDQ_peer", "SDQ_prosocial",
"PPI_appropriate", "PPI_harsh", "PPI_posverb", "PPI_monitoring",
"PPI_physpun", "PPI_praise", "PPI_clearexp",
"ECBIa",
"ECBIb", "MESSY", # ONLY WAVES 1--4
"DPICS_parent","DPICS_child", # ONLY WAVES 1--3
"Life_a_5","Life_b_5", "NOSIK_5") # ONLY WAVE 5

Initial checks

The large data set facilitates testing many hypotheses, several of which include interactions of variables with
the treatment condition (intervention vs. control group). In order to preserve any such moderation of/by
treatment group in the imputation model, data were imputed separately within each treatment group. We
began by initializing (with argument max=0) the group-specific imputation models in the mice package.

ini.treat <- mice(dat.ORCHIDS[dat.ORCHIDS$Conditie_updated == "Intervention",],
max = 0, print = FALSE)

ini.contr <- mice(dat.ORCHIDS[dat.ORCHIDS$Conditie_updated == "Control",],
max = 0, print = FALSE)

From each group’s initialization, we could detect potential problems with imputation models, such as
collinearity or lack of variance.

loggedEvents <- list(treat = ini.treat$loggedEvents,
contr = ini.contr$loggedEvents)

## collinear variables should be removed from imputation models
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collinear <- sapply(loggedEvents, function(x) x$out[x$meth == "collinear"])
## no variance (i.e., all observations have the same value, or all NA)
constants <- sapply(loggedEvents, function(x) x$out[x$meth == "constant"])

The names of all collinear and constant variables were saved, in order to be ignored during imputation (i.e.,
preserving original observed/missing values).

rmList <- unique(c(unlist(constants), unlist(collinear)))

Calculate (sub)scale means

To reduce size of imputation models for item-level incomplete data, each concurrently measured (sub)scale
mean is used as an item’s predictor. Past (sub)scale means of an item’s construct are also used (as well
as past measurements of the item itself). This is accomplished with the mice package’s passive imputation
feature (van Buuren & Groothuis-Oudshoorn, 2011), which requires us to specify that each composite (i.e.,
(sub)scale mean) is not to be imputed directly; rather, it is recalculated after each iteration of the imputation
process, using the imputed items at that iteration.

We begin with an empty vector in which we will store the method= for each composite.

CompositeMethods <- character(0)

We also specify the sequence in which variables are imputed, beginning with all demographics, then imputing
one scale item at a time per scale in Wave 1, followed by Wave 2, etc. After each scale item is imputed, we
want to recalculate the composite so it is “up to date” when it is used to impute the next scale item. So the
sequence for items within a scale will look like this:

• Impute the first scale item
• Recalculate the composite
• Impute the second scale item
• Recalculate the composite again
• Impute the third scale item
• Recalculate the composite again

And so on, until all scale items are imputed. We will thus begin with an empty list in which to store the
variable names in the desired sequence.

seqList <- list()

We now loop over all (sub)scale names to set the sequence. The first action in the loop is to evaluate the
name of the (sub)scale (sn), which is the (list of) vector(s) of variable names, saved to the object current. If
it is a list, then it was measured on multiple occasions, in which case there is an inner loop over wave-specific
(sub)scale names (indexed by sn2). Otherwise, sn is the name of a scale only measured on Wave 5, so there
is no inner loop over occasions.

In either case, any collinear/constant variables (rmList) are removed from the list before adding rowMeans()
to the data set. The CompositeMethods for that construct is used to set its passive-imputation to calculate
the (sub)scale mean from (imputed) items. The seqList for each construct is set using mapply() to apply
the passive-imputation method (i.e., recalculate the (sub)scale mean) after each item is imputed.
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for (sn in ScaleNames) {
current <- eval(as.name(sn))

if (is.list(current)) {
## loop over occasions (sn2 = wave-specific scale name)
for (sn2 in names(current)) {

## omit collinear/constant variables
currentVars <- setdiff(current[[sn2]], rmList)

## Calculate a composite for each wave
dat.ORCHIDS[sn2] <- rowMeans(dat.ORCHIDS[currentVars], na.rm = TRUE)

## define passive-imputation method, omitting collinear/constant variables
CompositeMethods[sn2] <- paste0("~ I((", paste(currentVars, collapse = " + "),

") / ", length(currentVars), ")")

## thread between each item to synchronize prior to each item's imputation
seqList[[sn2]] <- unlist(mapply(function(item, composite) c(item, composite),

item = currentVars, composite = sn2,
SIMPLIFY = FALSE), use.names = FALSE)

}

} else {
## omit collinear/constant variables
currentVars <- setdiff(current, rmList)
## Measured only once, so calculate a single composite
dat.ORCHIDS[sn] <- rowMeans(dat.ORCHIDS[currentVars], na.rm = TRUE)
## define passive-imputation method
CompositeMethods[sn] <- paste("~ I((", paste(currentVars, collapse = " + "),

") / ", length(currentVars), ")")
## thread between each item to synchronize prior to each item's imputation
seqList[[sn]] <- unlist(mapply(function(item, composite) c(item, composite),

item = currentVars, composite = sn,
SIMPLIFY = FALSE), use.names = FALSE)

}
}

Now, the sequences for each construct are set. Next, we prepare the method=, predictorMatrix=, and the
full visitSequence= of all remaining variables to impute. These three arguments will then be used in the
call to mice().

Prepare for imputation using mice

Specify imputation methods

We used the default method= for imputing numeric variables in mice(): predictive mean matching (PMM).
These were already set for all variables detected as class numeric when we initialized the model above:

varMethods <- list(treat = ini.treat$method,
contr = ini.contr$method)

For categorical variables, we used appropriate logistic-regression models:
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• binary logistic regression to impute 2-category variables
• multinomial logistic regression to impute nominal variables
• cumulative-logit regression to impute ordinal variables

For all collinear/constant variables in rmList, we specified method="" to indicate it should not be imputed.
In the control group, this included the number of sessions (which was 0 for everyone), where as this variable
could be imputed in the intervention group.

for (g in c("treat","contr")) {
## treat collinear/constant variables same across groups (don't impute)
varMethods[[g]][rmList] <- ""
## EXCEPT "Sessies_updated", which is necessarily 0 only among controls
varMethods$treat["Sessies_updated"] <- "pmm"

## logistic regression for binary items
for (i in c("SekseOuder_updated","SekseKind_updated", "VerhoudingKind_dummy",

"BornNL_child","BornNL_mother","BornNL_father",
unlist(ECBIb), paste0("Werk_", 1:5))) {

## only impute if there is a default method (otherwise, data are complete)
if (varMethods[[g]][i] != "") varMethods[[g]][i] <- "logreg"

}

## multinomial logistic regression for nominal items
for (i in c(paste0("Woonsituatie_", 1:5),

"Edu_mother_recoded","Edu_father_recoded",
"Religion_mother_short","Religion_father_short")) {

## only impute if there is a default method (otherwise, data are complete)
if (varMethods[[g]][i] != "") varMethods[[g]][i] <- "polyreg"

}

## proportional-odds logistic regression for ordinal items
for (i in paste0("UurWerk_", 1:4)) {

## convert hours-worked to ordered factors
if (!is.ordered(dat.ORCHIDS[[i]])) dat.ORCHIDS[[i]] <- as.ordered(dat.ORCHIDS[[i]])
## only impute if there is a default method (otherwise, data are complete)
if (varMethods[[g]][i] != "") varMethods[[g]][i] <- "polr"

}
}
## in both groups, concatenate the methods above (for variables) with
## methods for functions of variables (passive imputation) defined earlier
allMethods <- lapply(varMethods, c, CompositeMethods)

Specify a predictor matrix

The predictorMatrix= in mice() is a square matrix, with a row/column for each variable in the data set,
including composites and any variables excluded from the imputation process. Each cell of the matrix con-
tains a 1 (yes) or 0 (no) to indicate whether missing values on the row-variable should be predicted/imputed
by the column-variable. In our case, we have many more variables than subjects, so our goal is to keep the
imputation models reasonably parsimonious. Therefore, we begin with a matrix full of zeros (for each group:
.t for treatment and .c for control).
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predMat.t <- predMat.c <- matrix(0, nrow = ncol(dat.ORCHIDS),
ncol = ncol(dat.ORCHIDS),

dimnames = list(names(dat.ORCHIDS),
names(dat.ORCHIDS)))

Any variables without missing observations do not need to be imputed at all, so we can set all values in their
row to 0 (no predictors implies no imputation model). To be sure this is the case, we will set these rows to
0 after the automation section below. Names of complete variables were saved in the initialization.

notNA <- list(treat = names(which(ini.treat$nmis == 0)),
contr = names(which(ini.contr$nmis == 0)))

Rather than use individual scale items as predictors in imputation models, we want to use composites (i.e.,
(sub)scale means). To use the composite from the correct wave, we want to “bundle” the composite names
by wave. This is facilitated by writing a custom function() to save wave-specific CompositeNames based
on their numeric suffix. No integer-suffix implies it is a non-longitudinal variable.

## Function to assign variable(s) to occasion based on their numeric suffix.
## Assumes < 10 occasions (i.e., suffix is a single integer).
getSuffix <- function(ch, split = "_") {

pieces <- strsplit(ch, split = split)
last <- suppressWarnings(lapply(pieces,

function(x) as.integer(x)[length(x)]))
last[is.na(last)] <- 0L # time-invariant covariate
unlist(last)

}
## save wave-specific composite names
CompositeNames <- lapply(1:5, function(i) {

names(CompositeMethods)[sapply(names(CompositeMethods), getSuffix) == i]
})

Automate imputation models for variables not part of a scale

Each Demographic variable measured at Wave 1 was included in the imputation model of all other demo-
graphics. Missing demographic values were also predicted by time-varying demographics (in Misc12345)
and Work-status variables measured at Wave 1, and by all Wave-1 (sub)scale means.

predMat.t[setdiff(Demog, notNA$treat), # outcomes: incomplete demographics
## predictors: any eligible Demog or Wave-1 variables
setdiff(c(Demog, Work$work1, Misc12345$misc1, CompositeNames[[1]]),

rmList)] <- 1
predMat.c[setdiff(Demog, notNA$contr), # outcomes: incomplete demographics

## predictors: any eligible Demog or Wave-1 variables
setdiff(c(Demog, Work$work1, Misc12345$misc1, CompositeNames[[1]]),

rmList)] <- 1

Demographics were also used as predictors in every other variable’s imputation model, so we do not repeat
that fact in descriptions below. Likewise, all concurrently measured composites were used to impute all
time-varying variables, so we do not repeat that fact in descriptions below.

Work-status variables were measured repeatedly, and they were reciprocally included in each others’ impu-
tation models.
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for (w in seq_along(Work)) {
for (v in seq_along(Work[[w]])) {

if (Work[[w]][v] %in% rmList) next # don't impute

tempOthers <- setdiff(c(Work[[w]], Demog, CompositeNames[[w]]),
c(Work[[w]][v], rmList))

predMat.t[ Work[[w]][v] , tempOthers ] <- 1
predMat.c[ Work[[w]][v] , tempOthers ] <- 1

}

if (w > 1) {
## Lag-1 only
if (Work[[w-1]][v] %in% rmList) next # don't use to impute
predMat.t[ Work[[w]][v] , Work[[w-1]][v] ] <- 1
predMat.c[ Work[[w]][v] , Work[[w-1]][v] ] <- 1

}
}

Concurrently measured time-varying demographics (in Misc12345), miscellaneous DPICS variables, and
extra PPI items (not part of a subscale) were each reciprocally used in each others’ imputation models.

## Misc12345 (Woonsituatie, AantalVolwassenen, AantalKk) demog variables
for (w in seq_along(Misc12345)) {

for (v in seq_along(Misc12345[[w]])) {
if (Misc12345[[w]][v] %in% rmList) next # don't impute

tempOthers <- setdiff(c(Misc12345[[w]], Demog, Work[[w]], CompositeNames[[w]]),
c(Misc12345[[w]][v], rmList))

predMat.t[ Misc12345[[w]][v] , tempOthers ] <- 1
predMat.c[ Misc12345[[w]][v] , tempOthers ] <- 1

}

if (w > 1) {
## all lags
lagVars <- setdiff(sapply(Misc12345[1:(w-1)], "[", i = v), rmList)
predMat.t[ Misc12345[[w]][v] , lagVars ] <- 1
predMat.c[ Misc12345[[w]][v] , lagVars ] <- 1

}
}
## Misc123 (DPICS) variables
for (w in seq_along(Misc123)) {

for (v in seq_along(Misc123[[w]])) {
if (Misc123[[w]][v] %in% rmList) next # don't impute

tempOthers <- setdiff(c(Misc123[[w]], Demog, Work[[w]], CompositeNames[[w]]),
c(Misc123[[w]][v], rmList))

predMat.t[ Misc123[[w]][v] , tempOthers ] <- 1
predMat.c[ Misc123[[w]][v] , tempOthers ] <- 1

}

if (w > 1) {
## all lags
lagVars <- setdiff(sapply(Misc123[1:(w-1)], "[", i = v), rmList)
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predMat.t[ Misc123[[w]][v] , lagVars ] <- 1
predMat.c[ Misc123[[w]][v] , lagVars ] <- 1

}
}
## PPI_extra variables
for (w in seq_along(PPI_extra)) {

for (v in seq_along(PPI_extra[[w]])) {
if (PPI_extra[[w]][v] %in% rmList) next # don't impute

tempOthers <- setdiff(c(PPI_extra[[w]], Demog, Work[[w]], CompositeNames[[w]]),
c(PPI_extra[[w]][v], rmList))

predMat.t[ PPI_extra[[w]][v] , tempOthers ] <- 1
predMat.c[ PPI_extra[[w]][v] , tempOthers ] <- 1

}

if (w > 1) {
## all lags
lagVars <- setdiff(sapply(PPI_extra[1:(w-1)], "[", i = v), rmList)
predMat.t[ PPI_extra[[w]][v] , lagVars ] <- 1
predMat.c[ PPI_extra[[w]][v] , lagVars ] <- 1

}
}

In in the intervention group only (because it was constant in the control group), we added Wave-1 and
Wave-2 work-status, miscellaneous demographics, and composites as predictors to impute the number of
sessions attended.

predMat.t["Sessies_updated", c(Work$work1, Misc12345$misc1, CompositeNames[[1]],
Work$work2, Misc12345$misc2, CompositeNames[[2]],
Demog)] <- 1

Automate imputation models for scale items

Similar to the loop that created composites, we first check whether a scale is measured once or repeatedly (in
which case is.list() returns TRUE), the latter case requiring an “inner” loop over occasions. We then check
whether a scale item is in the rmList and should be skipped; otherwise, its imputation model is specified to
include:

• all Demographics measured at Wave 1
• the concurrently measured demographics (in Misc12345) and Work-status variables
• the concurrently measured (sub)scale means in CompositeNames
• only for DPICS items, also include the 4 concurrently measured miscellaneous DPICS items in Misc123

that were not part of a DPICS subscale

for (sn in ScaleNames) {
current <- eval(as.name(sn))

if (is.list(current)) {
## loop over waves (sw = wave-specific scale name)
## ALL repeated measures start at Wave 1, so w always begins with 1
for (w in seq_along(current)) {

for (v in seq_along(current[[w]])) {
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if (current[[w]][v] %in% rmList) next # don't impute

tempOthers <- setdiff(c(Demog, Work[[w]], Misc12345[[w]], CompositeNames[[w]]),
rmList)

if (grepl(pattern = "DPICS", x = sn)) {
tempOthers <- c(tempOthers, setdiff(Misc123[[w]], rmList))

}
predMat.t[ current[[w]][v] , tempOthers ] <- 1
predMat.c[ current[[w]][v] , tempOthers ] <- 1

}

if (w > 1) {
## all lags
lagVars <- setdiff(sapply(current[1:(w-1)], "[", i = v), rmList)
predMat.t[ current[[w]][v] , lagVars ] <- 1
predMat.c[ current[[w]][v] , lagVars ] <- 1

}
}

} else {
## variables only measured once (all 3 scales at Wave 5)
predMat.t[setdiff(current, notNA$treat), # only impute incomplete variables

## predictors: any eligible Demog or same-wave variables
setdiff(c(current, Demog, Work$work5, Misc12345$misc5, CompositeNames[[5]]),

rmList)] <- 1
predMat.c[setdiff(current, notNA$contr), # outcomes: incomplete demographics

## predictors: any eligible Demog or Wave-1 variables
setdiff(c(current, Demog, Work$work5, Misc12345$misc5, CompositeNames[[5]]),

rmList)] <- 1
}

}

Finally, the diagonals were set to 0, to ensure no variable was used to predict itself.

diag(predMat.t) <- 0
diag(predMat.c) <- 0

The predictor matrices (per group) was now complete.

Specify imputation sequence

Above, we created an object seqList to indicate that a (sub)scale mean should be recalculated after each
of its items is imputed. We now add that to the full sequence in which to “visit” (impute) variables. We
begin with all demographics and other variables measured only at the start of the study. We then proceed
to impute time-varying variables one wave at a time:

• work-status and other demographics
• extra items not in a (sub)scale mean
• scale items that belong to composites
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visitSeq <- c(Demog,
## Wave 1
Work$work1, Misc12345$misc1, PPI_extra[[1]], Misc123$misc1,
unlist(seqList[ CompositeNames[[1]] ], use.names = FALSE),
## Wave 2
Work$work2, Misc12345$misc2, PPI_extra[[2]], Misc123$misc2,
unlist(seqList[ CompositeNames[[2]] ], use.names = FALSE),
## Wave 3
Work$work3, Misc12345$misc3, PPI_extra[[3]], Misc123$misc3,
unlist(seqList[ CompositeNames[[3]] ], use.names = FALSE),
## Wave 4
Work$work4, Misc12345$misc4, PPI_extra[[4]],
unlist(seqList[ CompositeNames[[4]] ], use.names = FALSE),
## Wave 5
Work$work5, Misc12345$misc5, PPI_extra[[5]],
unlist(seqList[ CompositeNames[[5]] ], use.names = FALSE))

Post-process age limits

The last preparation to specify is a post-processing option that places known bounds on missing ages. There
was only 1 family with a missing child’s age that we could not determine from other information, but we
had enough information to know the age within a certain range. Likewise, one other family was missing a
parent’s age, which we could also determine bounds for. The post-processing option would round up (or
down) any imputed values that were below (or above) the specified bounds.

post.t <- setNames(rep("", ncol(dat.ORCHIDS)), nm = names(dat.ORCHIDS))
post.t["ageP_yr"] <- "imp[[j]][,i] <- squeeze(imp[[j]][,i], c(37.697, 37.969))"
post.t["ageC_yr"] <- "imp[[j]][,i] <- squeeze(imp[[j]][,i], c( 6.376, 6.648))"

Drop unused factor levels

mice() would return an error when it noticed that not all factor levels were observed in each group
(because only Conditie_updated == "Intervention" was included in the intervention group, and only
Conditie_updated == "Control" was included in the control group). Thus, we dropped those levels in
each group’s data.frame.

## separate group data to drop unused levels of factors
dat.t <- droplevels(dat.ORCHIDS[dat.ORCHIDS$Conditie_updated == "Intervention",])
dat.c <- droplevels(dat.ORCHIDS[dat.ORCHIDS$Conditie_updated == "Control",])

Impute data using mice

Finally, we were prepared to impute the data, separately per treatment group.

imp.treat <- mice(dat.t, m = 100, seed = 12345,
method = allMethods$treat, predictorMatrix = predMat.t,
visitSequence = visitSeq, post = post.t)
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When we tried this for the control-group, we received errors about several Life_b_5 scale items needing
ridge parameters, eventually causing the algorithm to fail. We attempted to reduce the size of the model to
address collinearity, but to no avail. Thus, we were unable to impute Life_b_5 scale items in the control
group.

predMat.c[Life_b_5,] <- 0
predMat.c[Life_b_5, setdiff(c(Demog, Work$work5, Misc12345$misc5,

"Life_a_5", "Life_b_5"), rmList)] <- 1
imp.contr <- mice(dat.c, m = 100, seed = 123456,

method = allMethods$contr, predictorMatrix = predMat.c,
visitSequence = visitSeq)

Prepare and save imputed data for later analysis

We sequenced over the 100 imputations in each group, merging the imputed treatment group’s data with
the imputed control-group’s data. In order to also allow the data to be imported to SPSS and recognized as
an imputed data set, we included the original (incomplete) data at the “top” of the list and added a column
for imputation number (where 0 indicated the original incomplete data).

imps <- lapply(0:100, function(i) {
imp.t <- complete(imp.treat, action = i)
imp.c <- complete(imp.contr, action = i)
out <- rbind(imp.t, imp.c)
out$`Imputation_` <- i # for SPSS
out[order(out$IDnummer),] # return sorted by ID

})

We then saved the list of imputed data for analysis in R (e.g., fitting linear models using the mitml package,
fitting structural equation models using the semTools package).

saveRDS(imps[-1], file = "../data/impList.rds")

Prepare for SPSS

We stacked the imputations into a single data.frame for SPSS, to paste rows below original data

spssImps <- do.call(rbind, imps)

It was also necessary to recode labels of factor variables into the numeric codes used in the SPSS file. The
following syntax does this for each categorical variable.
## Cohort
spssImps$Cohort <- ifelse(is.na(spssImps$Cohort), yes = 999,

ifelse(spssImps$Cohort == "Cohort 1", yes = 1,
ifelse(spssImps$Cohort == "Cohort 2", yes = 2, no = NA)))

sum(is.na(spssImps$Cohort)) == 0 # verify all values were recoded
class(spssImps$Cohort) # verify the result is numeric

# Conditie_updated
spssImps$Conditie_updated <- ifelse(is.na(spssImps$Conditie_updated), yes = 999,

ifelse(spssImps$Conditie_updated == "Intervention", yes = 1,
ifelse(spssImps$Conditie_updated == "Control", yes = 2, no = NA)))

sum(is.na(spssImps$Conditie_updated)) == 0 # verify all values were recoded
class(spssImps$Conditie_updated) # verify the result is numeric
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# SekseOuder_updated
spssImps$SekseOuder_updated <- ifelse(is.na(spssImps$SekseOuder_updated), yes = 999,

ifelse(spssImps$SekseOuder_updated == "man", yes = 0,
ifelse(spssImps$SekseOuder_updated == "vrouw", yes = 1, no = NA)))

sum(is.na(spssImps$SekseOuder_updated)) == 0 # verify all values were recoded
class(spssImps$SekseOuder_updated) # verify the result is numeric

# SekseKind_updated
spssImps$SekseKind_updated <- ifelse(is.na(spssImps$SekseKind_updated), yes = 999,

ifelse(spssImps$SekseKind_updated == "male", yes = 0,
ifelse(spssImps$SekseKind_updated == "female", yes = 1, no = NA)))

sum(is.na(spssImps$SekseKind_updated)) == 0 # verify all values were recoded
class(spssImps$SekseKind_updated) # verify the result is numeric

# VerhoudingKind_1
spssImps$VerhoudingKind_1 <- ifelse(is.na(spssImps$VerhoudingKind_1), yes = 999,

ifelse(spssImps$VerhoudingKind_1 == "Biologische moeder", yes = 1,
ifelse(spssImps$VerhoudingKind_1 == "Biologische vader", yes = 2,
ifelse(spssImps$VerhoudingKind_1 == "Stiefmoeder", yes = 3,
ifelse(spssImps$VerhoudingKind_1 == "Stiefvader", yes = 4,
ifelse(spssImps$VerhoudingKind_1 == "Voogd", yes = 5,
ifelse(spssImps$VerhoudingKind_1 == "Anders, namelijk", yes = 6, no = NA)))))))

# verify all values were recoded
# (unimputed variable still has same missing values in 1 original + 100 copies)
sum(is.na(spssImps$VerhoudingKind_1)) == 0 # verify all values were recoded
class(spssImps$VerhoudingKind_1) # verify the result is numeric

# GeblandKind_recoded
# Note: this was collapsed into 2 categories for imputation (BornNL_child)
spssImps$GeblandKind_recoded <- ifelse(is.na(spssImps$GeblandKind_recoded), yes = 999,

ifelse(spssImps$GeblandKind_recoded == "Nederland", yes = 1,
ifelse(spssImps$GeblandKind_recoded == "Nederlandse Antillen", yes = 2,
ifelse(spssImps$GeblandKind_recoded == "Indonesië", yes = 3,
ifelse(spssImps$GeblandKind_recoded == "Suriname", yes = 4,
ifelse(spssImps$GeblandKind_recoded == "Turkije", yes = 5,
ifelse(spssImps$GeblandKind_recoded == "Marokko", yes = 6,
ifelse(spssImps$GeblandKind_recoded == "Greece", yes = 7,
ifelse(spssImps$GeblandKind_recoded == "Taiwan", yes = 8,
ifelse(spssImps$GeblandKind_recoded == "Belgie", yes = 9,
ifelse(spssImps$GeblandKind_recoded == "Finland", yes = 10,
ifelse(spssImps$GeblandKind_recoded == "VS", yes = 11,
ifelse(spssImps$GeblandKind_recoded == "China", yes = 12,
ifelse(spssImps$GeblandKind_recoded == "Nigeria", yes = 13,
ifelse(spssImps$GeblandKind_recoded == "India", yes = 14,
ifelse(spssImps$GeblandKind_recoded == "Polen", yes = 15,
ifelse(spssImps$GeblandKind_recoded == "V Arab Emirates", yes = 16, no = NA)))))))))))))))))

# verify all values were recoded
# (unimputed variable still has same missing values in 1 original + 100 copies)
sum(is.na(spssImps$GeblandKind_recoded)) == 0 # verify all values were recoded
class(spssImps$GeblandKind_recoded) # verify the result is numeric

# Ethnic_bg
spssImps$Ethnic_bg <- ifelse(is.na(spssImps$Ethnic_bg), yes = 999,

ifelse(spssImps$Ethnic_bg == "European", yes = 1,
ifelse(spssImps$Ethnic_bg == "Asian", yes = 2,
ifelse(spssImps$Ethnic_bg == "African", yes = 3,
ifelse(spssImps$Ethnic_bg == "North American", yes = 4,
ifelse(spssImps$Ethnic_bg == "South American", yes = 5,
ifelse(spssImps$Ethnic_bg == "Mixed", yes = 6,
ifelse(spssImps$Ethnic_bg == "Not Known", yes = 7, no = NA))))))))

# verify all values were recoded
# (unimputed variable still has same missing values in 1 original + 100 copies)
sum(is.na(spssImps$Ethnic_bg)) == 0 # verify all values were recoded
class(spssImps$Ethnic_bg) # verify the result is numeric

# Edu_mother_recoded
spssImps$Edu_mother_recoded <- ifelse(is.na(spssImps$Edu_mother_recoded), yes = 999,

ifelse(spssImps$Edu_mother_recoded == "Primary education", yes = 1,
ifelse(spssImps$Edu_mother_recoded == "Secondary education", yes = 2,
ifelse(spssImps$Edu_mother_recoded == "Higher vocational education", yes = 3,
ifelse(spssImps$Edu_mother_recoded == "Higher education (university or college of applied sciences)", yes = 4,
ifelse(spssImps$Edu_mother_recoded == "Other", yes = 5, no = NA))))))

sum(is.na(spssImps$Edu_mother_recoded)) == 0 # verify all values were recoded
class(spssImps$Edu_mother_recoded) # verify the result is numeric

# Edu_father_recoded
spssImps$Edu_father_recoded <- ifelse(is.na(spssImps$Edu_father_recoded), yes = 999,

ifelse(spssImps$Edu_father_recoded == "Primary education", yes = 1,
ifelse(spssImps$Edu_father_recoded == "Secondary education", yes = 2,
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ifelse(spssImps$Edu_father_recoded == "Higher vocational education", yes = 3,
ifelse(spssImps$Edu_father_recoded == "Higher education (university or college of applied sciences)", yes = 4,
ifelse(spssImps$Edu_father_recoded == "Other", yes = 5, no = NA))))))

sum(is.na(spssImps$Edu_father_recoded)) == 0 # verify all values were recode
class(spssImps$Edu_father_recoded) # verify the result is numeric

# BornNL_child
spssImps$BornNL_child <- ifelse(is.na(spssImps$BornNL_child), yes = 999,

ifelse(spssImps$BornNL_child == "other", yes = 0,
ifelse(spssImps$BornNL_child == "Netherlands", yes = 1, no = NA)))

sum(is.na(spssImps$BornNL_child)) == 0 # verify all values were recoded
class(spssImps$BornNL_child) # verify the result is numeric

# BornNL_mother
spssImps$BornNL_mother <- ifelse(is.na(spssImps$BornNL_child), yes = 999,

ifelse(spssImps$BornNL_mother == "other", yes = 0,
ifelse(spssImps$BornNL_mother == "Netherlands", yes = 1, no = NA)))

sum(is.na(spssImps$BornNL_mother)) == 0 # verify all values were recoded
class(spssImps$BornNL_mother) # verify the result is numeric

# BornNL_father
spssImps$BornNL_father <- ifelse(is.na(spssImps$BornNL_father), yes = 999,

ifelse(spssImps$BornNL_father == "other", yes = 0,
ifelse(spssImps$BornNL_father == "Netherlands", yes = 1, no = NA)))

sum(is.na(spssImps$BornNL_father)) == 0 # verify all values were recoded
class(spssImps$BornNL_father) # verify the result is numeric

# Religion_mother_short
spssImps$Religion_mother_short <- ifelse(is.na(spssImps$Religion_mother_short), yes = 999,

ifelse(spssImps$Religion_mother_short == "Christelijk", yes = 1,
ifelse(spssImps$Religion_mother_short == "Islamitisch", yes = 2,
ifelse(spssImps$Religion_mother_short == "Joods", yes = 3,
ifelse(spssImps$Religion_mother_short == "Atheist", yes = 4,
ifelse(spssImps$Religion_mother_short == "anders", yes = 5, no = NA))))))

sum(is.na(spssImps$Religion_mother_short)) == 0 # verify all values were recoded
class(spssImps$Religion_mother_short) # verify the result is numeric

# Religion_father_short
spssImps$Religion_father_short <- ifelse(is.na(spssImps$Religion_father_short), yes = 999,

ifelse(spssImps$Religion_father_short == "Christelijk", yes = 1,
ifelse(spssImps$Religion_father_short == "Islamitisch", yes = 2,
ifelse(spssImps$Religion_father_short == "Joods", yes = 3,
ifelse(spssImps$Religion_father_short == "Atheist", yes = 4,
ifelse(spssImps$Religion_father_short == "anders", yes = 5, no = NA))))))

sum(is.na(spssImps$Religion_father_short)) == 0 # verify all values were recoded
class(spssImps$Religion_father_short) # verify the result is numeric

## These have the same codes, so easy to copy/paste and replace suffix
# Woonsituatie_1 Woonsituatie_2 Woonsituatie_3 Woonsituatie_4 Woonsituatie_5

spssImps$Woonsituatie_1 <- ifelse(is.na(spssImps$Woonsituatie_1), yes = 999,
ifelse(spssImps$Woonsituatie_1 == "Getrouwd", yes = 1,
ifelse(spssImps$Woonsituatie_1 == "Samenwonend", yes = 2,
ifelse(spssImps$Woonsituatie_1 == "Alleenstaand", yes = 3,
ifelse(spssImps$Woonsituatie_1 == "Nieuwe gezinssamenstelling (bijvoorbeeld samengesteld gezin)", yes = 4,
ifelse(spssImps$Woonsituatie_1 == "Anders", yes = 5, no = NA))))))

sum(is.na(spssImps$Woonsituatie_1)) == 0 # verify all values were recoded
class(spssImps$Woonsituatie_1) # verify the result is numeric

spssImps$Woonsituatie_2 <- ifelse(is.na(spssImps$Woonsituatie_2), yes = 999,
ifelse(spssImps$Woonsituatie_2 == "Getrouwd", yes = 1,
ifelse(spssImps$Woonsituatie_2 == "Samenwonend", yes = 2,
ifelse(spssImps$Woonsituatie_2 == "Alleenstaand", yes = 3,
ifelse(spssImps$Woonsituatie_2 == "Nieuwe gezinssamenstelling (bijvoorbeeld samengesteld gezin)", yes = 4,
ifelse(spssImps$Woonsituatie_2 == "Anders", yes = 5, no = NA))))))

sum(is.na(spssImps$Woonsituatie_2)) == 0 # verify all values were recoded
class(spssImps$Woonsituatie_2) # verify the result is numeric

spssImps$Woonsituatie_3 <- ifelse(is.na(spssImps$Woonsituatie_3), yes = 999,
ifelse(spssImps$Woonsituatie_3 == "Getrouwd", yes = 1,
ifelse(spssImps$Woonsituatie_3 == "Samenwonend", yes = 2,
ifelse(spssImps$Woonsituatie_3 == "Alleenstaand", yes = 3,
ifelse(spssImps$Woonsituatie_3 == "Nieuwe gezinssamenstelling (bijvoorbeeld samengesteld gezin)", yes = 4,
ifelse(spssImps$Woonsituatie_3 == "Anders", yes = 5, no = NA))))))

sum(is.na(spssImps$Woonsituatie_3)) == 0 # verify all values were recoded
class(spssImps$Woonsituatie_3) # verify the result is numeric

spssImps$Woonsituatie_4 <- ifelse(is.na(spssImps$Woonsituatie_4), yes = 999,
ifelse(spssImps$Woonsituatie_4 == "Getrouwd", yes = 1,
ifelse(spssImps$Woonsituatie_4 == "Samenwonend", yes = 2,
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ifelse(spssImps$Woonsituatie_4 == "Alleenstaand", yes = 3,
ifelse(spssImps$Woonsituatie_4 == "Nieuwe gezinssamenstelling", yes = 4,
ifelse(spssImps$Woonsituatie_4 == "anders", yes = 5, no = NA))))))

sum(is.na(spssImps$Woonsituatie_4)) == 0 # verify all values were recoded
class(spssImps$Woonsituatie_4) # verify the result is numeric

spssImps$Woonsituatie_5 <- ifelse(is.na(spssImps$Woonsituatie_5), yes = 999,
ifelse(spssImps$Woonsituatie_5 == "Getrouwd", yes = 1,
ifelse(spssImps$Woonsituatie_5 == "Samenwonend", yes = 2,
ifelse(spssImps$Woonsituatie_5 == "Alleenstaand", yes = 3,
ifelse(spssImps$Woonsituatie_5 == "Nieuwe gezinssamenstelling", yes = 4,
ifelse(spssImps$Woonsituatie_5 == "Anders, namelijk", yes = 5, no = NA))))))

sum(is.na(spssImps$Woonsituatie_5)) == 0 # verify all values were recoded
class(spssImps$Woonsituatie_5) # verify the result is numeric

# Werk_1 Werk_2 Werk_3 Werk_4 Werk_5
spssImps$Werk_1 <- ifelse(is.na(spssImps$Werk_1), yes = 999,

ifelse(spssImps$Werk_1 == "Nee", yes = 0,
ifelse(spssImps$Werk_1 == "Ja", yes = 1, no = NA)))

sum(is.na(spssImps$Werk_1)) == 0 # verify all values were recoded
class(spssImps$Werk_1) # verify the result is numeric

spssImps$Werk_2 <- ifelse(is.na(spssImps$Werk_2), yes = 999,
ifelse(spssImps$Werk_2 == "Nee", yes = 0,
ifelse(spssImps$Werk_2 == "Ja", yes = 1, no = NA)))

sum(is.na(spssImps$Werk_2)) == 0 # verify all values were recoded
class(spssImps$Werk_2) # verify the result is numeric

spssImps$Werk_3 <- ifelse(is.na(spssImps$Werk_3), yes = 999,
ifelse(spssImps$Werk_3 == "Nee", yes = 0,
ifelse(spssImps$Werk_3 == "Ja", yes = 1, no = NA)))

sum(is.na(spssImps$Werk_3)) == 0 # verify all values were recoded
class(spssImps$Werk_3) # verify the result is numeric

spssImps$Werk_4 <- ifelse(is.na(spssImps$Werk_4), yes = 999,
ifelse(spssImps$Werk_4 == "Nee", yes = 0,
ifelse(spssImps$Werk_4 == "Ja", yes = 1, no = NA)))

sum(is.na(spssImps$Werk_4)) == 0 # verify all values were recoded
class(spssImps$Werk_4) # verify the result is numeric

spssImps$Werk_5 <- ifelse(is.na(spssImps$Werk_5), yes = 999,
ifelse(spssImps$Werk_5 == "Nee", yes = 0,
ifelse(spssImps$Werk_5 == "Ja", yes = 1, no = NA)))

sum(is.na(spssImps$Werk_5)) == 0 # verify all values were recoded
class(spssImps$Werk_5) # verify the result is numeric

# UurWerk_1 UurWerk_2 UurWerk_3 UurWerk_4 UurWerk_5

spssImps$UurWerk_1 <- ifelse(is.na(spssImps$UurWerk_1), yes = 999,
ifelse(spssImps$UurWerk_1 == "0-9 uur (0-25%)", yes = 1,
ifelse(spssImps$UurWerk_1 == "9-19 uur (25-50%)", yes = 2,
ifelse(spssImps$UurWerk_1 == "19-30 uur\u00A0(50-75%)", yes = 3, # different kind of space used in 3rd label
ifelse(spssImps$UurWerk_1 == "30-38 uur (75-95%)", yes = 4,
ifelse(spssImps$UurWerk_1 == "38 uur of meer (fulltime)", yes = 5, no = NA))))))

sum(is.na(spssImps$UurWerk_1)) == 0 # verify all values were recoded
class(spssImps$UurWerk_1) # verify the result is numeric

spssImps$UurWerk_2 <- ifelse(is.na(spssImps$UurWerk_2), yes = 999,
ifelse(spssImps$UurWerk_2 == "0-9 uur (0-25%)", yes = 1,
ifelse(spssImps$UurWerk_2 == "9-19 uur (25-50%)", yes = 2,
ifelse(spssImps$UurWerk_2 == "19-30 uur (50-75%)", yes = 3,
ifelse(spssImps$UurWerk_2 == "30-38 uur (75-95%)", yes = 4,
ifelse(spssImps$UurWerk_2 == "38 uur of meer (fulltime)", yes = 5, no = NA))))))

sum(is.na(spssImps$UurWerk_2)) == 0 # verify all values were recoded
class(spssImps$UurWerk_2) # verify the result is numeric

spssImps$UurWerk_3 <- ifelse(is.na(spssImps$UurWerk_3), yes = 999,
ifelse(spssImps$UurWerk_3 == "0-9 uur (0-25%)", yes = 1,
ifelse(spssImps$UurWerk_3 == "9-19 uur (25-50%)", yes = 2,
ifelse(spssImps$UurWerk_3 == "19-30 uur (50-75%)", yes = 3,
ifelse(spssImps$UurWerk_3 == "30-38 uur (75-95%)", yes = 4,
ifelse(spssImps$UurWerk_3 == "38 uur of meer (fulltime)", yes = 5, no = NA))))))

sum(is.na(spssImps$UurWerk_3)) == 0 # verify all values were recoded
class(spssImps$UurWerk_3) # verify the result is numeric

spssImps$UurWerk_4 <- ifelse(is.na(spssImps$UurWerk_4), yes = 999,
ifelse(spssImps$UurWerk_4 == "0-9 uur (0-25%)", yes = 1,
ifelse(spssImps$UurWerk_4 == "9-19 uur (25-50%)", yes = 2,
ifelse(spssImps$UurWerk_4 == "19-30 uur\u00A0(50-75%)", yes = 3, # different kind of space used in 3rd label
ifelse(spssImps$UurWerk_4 == "30-38 uur (75-95%)", yes = 4,
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ifelse(spssImps$UurWerk_4 == "38 uur of meer (fulltime)", yes = 5, no = NA))))))
sum(is.na(spssImps$UurWerk_4)) == 0 # verify all values were recoded
class(spssImps$UurWerk_4) # verify the result is numeric

To easy copy/pasting into the original SPSS file, we saved the imputed data as a CSV file, which could be
opened as a spreadsheet in Excel.

write.table(spssImps[c(1:1395, ncol(spssImps))], # omit scale composites
file = "../data/spssImps.csv", sep = ",", row.names = FALSE,
## change NA to 999 for all numeric variables
na = "999")

Add SES variable after imputations

An additional SES indicator was computed in SPSS after imputation took place. That variable was needed
in the imputed R data.frame as well, so we merged and saved it using the syntax below.

## import imputed R data
impList <- readRDS(file = "../data/impList.rds")

## import imputed SPSS data
library(foreign)
dat.ORCHIDS <- read.spss("../data/ORCHIDS_imputed_SES_090522.sav",

to.data.frame = TRUE, use.value.labels = TRUE)

## save ID and SES for original data (no missings, so copy for each imputation)
newdata <- dat.ORCHIDS[dat.ORCHIDS$Imputation_ == "original data",

c("IDnummer","ZSES_1")]

## loop over imputations to merge new variable
for (i in 1:length(impList)) {

impList[[i]] <- merge(impList[[i]], newdata, by = "IDnummer")
}

## save impList with new variable
saveRDS(impList, file = "../data/impList.rds")
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Roots of Rebellion

The Role of Children’s Temperament and Genetics in Disruptive 
Behavior and Parenting

Disruptive behavior in children is characterized by disobedience, verbal and physical 
aggression, defiant behavior, and an irritable mood. Although disruptive behavior can begin 
at an early age and is part of normal development, it usually decreases as children grow older. 
However, if disruptive behavior persists or worsens over time, it can lead to more serious 
developmental problems, behavioral problems, and psychopathology. Therefore, it is important 
to intervene early. In order to do this effectively, it is important to understand the factors that 
contribute to the development and maintenance of disruptive behavior.

This thesis aims to contribute to identifying these factors. It includes a series of studies 
that examine the interrelations between temperament and genes of children, parenting, 
and disruptive behavior from different angles. There are two overarching aims, the first of 
which is to investigate in depth the interrelation between parenting, temperament, stress 
reactivity, and disruptive behavior of children, while also taking the socioeconomic status of 
families into account. The second aim is to investigate whether the way children respond to an 
improved parenting context via a proven effective parenting intervention is due to children’s 
temperament and/or their genetic characteristics.

The first aim arises from the fact that there is a lack of studies that combine both 
behavioral and physiological data of children in studying the relationships between parenting, 
temperament, stress reactivity and disruptive behavior, especially at a young age. This is 
problematic because disruptive behavior at a young age is predictive of more problems later 
in life, in which parenting plays an important role. An influential factor in the development 
of disruptive behavior is the ability of children to learn to regulate their emotions. In part, 
this self-regulation comes forth out of temperament. Temperament can be divided into three 
dimensions: the extent to which children are active and impulsive (surgency), the degree of 
self-control (effortful control) and the extent to which children experience strong emotions 
(negative emotionality). In addition, physiological stress reactivity plays an additional role. 
Studies have shown that a stressful family situation (e.g. harsh parenting) can disrupt the 
stress system of children. When children’s stress system is repeatedly activated, the system 
will become persistently over-activated, resulting in chronically elevated stress reactivity 
and impaired self-regulation. Although parenting, negative emotionality, and stress reactivity 
are often viewed as independent factors in the development of disruptive behavior, there is 
also evidence for a mediating pathway from harsh parenting to more disruptive behavior via 
increased negative emotionality and/or stress reactivity in children.

The first study in which I investigated this is described in Chapter 2. In this chapter, I 
investigated whether the relationship between parenting (both harsh/controlling and warm/



171

Summary

supportive parenting) and disruptive behavior in toddlers is mediated by negative emotionality 
and stress reactivity. It was expected that harsh parenting would lead to increased negative 
emotionality and/or decreased stress reactivity, resulting in more disruptive behavior. In 
contrast, it was expected that warm parenting would lead to decreased negative emotionality 
and/or increased stress reactivity, ultimately resulting in less disruptive behavior. In 72 families 
with toddlers (mean age = 14.6 months at first measurement), parents reported on their 
parenting, disruptive behavior, and negative emotionality of their children. The children’s 
stress reactivity (heart rate reactivity) was measured by a series of stress-inducing tasks. The 
results showed that in children of this age, a reinforcing dynamic between harsh parenting, 
negative emotionality, stress reactivity, and disruptive behavior is not yet clearly established. 
A possible explanation may be that the parenting in the studied families was, in most cases, 
“good enough”—that is, the levels of harsh parenting in this sample were generally relatively 
low. The effects of harsh parenting on children’s behavior may manifest themselves later in 
development, as suggested by research on the coercive cycle within families.

The relation between parenting, temperament, and disruptive behavior, as described in the 
first aim, may be influenced by factors from the broader parenting environment of the family. 
Although parenting plays an important role in influencing children’s emotion regulation and 
behavior, it is not a unidirectional process and involves reciprocal interactions between parent 
and child. Children elicit different responses in parenting behavior and are relatively more 
difficult or easier to parent due to their temperamental characteristics. This bidirectionality 
has been widely investigated, but the results show a mixed picture. The inconsistent findings 
may be explained by factors from the broader parenting environment, such as the family’s 
socioeconomic status (SES). According to the Family Stress Model, economic difficulties 
increase the stress that parents experience, which may hinder effective parenting strategies. 
It is, therefore, important to gain more insight into the role of SES in the development of 
disruptive behavior in children.

In Chapter 3, I investigated whether the temperament dimension of children’s negative 
emotionality indirectly influences disruptive behavior via parenting (harsh and warm/
supportive) and whether this cascade varies by socioeconomic status. Questionnaires and 
observations from a longitudinal study with 386 parent-child pairs with children aged 4 to 
8 years were used in this study. The children showed above-average disruptive behavior. 
Moderated mediation analyses showed that children’s negative emotionality and harsh 
parenting predicted later disruptive behavior. Strikingly, a lack of supportive parenting did 
not predict an increase in disruptive behavior in children. A possible explanation for this could 
be that harsh parenting has, in fact, a stronger influence on disruptive behavior. The results 
of the study may thus fit in with the general idea that “the bad is stronger than the good” ― a 
psychological phenomenon showing that an external factor that is perceived as harmful or 
risky usually has a stronger influence on someone’s behavior than something that is equally 
emotional but is perceived as positive. Furthermore, it was found that parenting behavior did 
not mediate the relationship between negative emotionality and disruptive behavior and this 
was independent of the socioeconomic status of the family. This study, therefore, found no 
evidence that children with higher negative emotionality are more challenging to raise, and 
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this applied to both parents with lower and higher socioeconomic backgrounds. However, it 
is possible that a low SES is not a strong stress factor in the Netherlands due to the greater 
access to social support that parents in lower SES positions can receive. In addition, the SES 
of the families that participated in the study was relatively high. The limited variation in SES 
may have caused us to find no moderation effect. It is possible that a study in which there is 
more cultural and socioeconomic diversity within the families would paint a different picture.

In the second overarching aim, I investigated whether the way children respond to an 
improved parenting context via a proven effective parenting intervention is due to children’s 
temperament and/or their genetic characteristics, starting with children’s temperament. A 
long research tradition shows that children differ in how they respond to their (parenting) 
environment, which points to moderation effects. For example, Belsky and Pluess (2009) 
suggest that children do not respond in the same way to their (parenting) environment due to 
individual differences, such as temperament. However, research on this moderation effect is 
mainly correlational, while experimental studies are necessary to show causal relations and 
to exclude alternative explanations. In addition, little research has been done on the effect of 
all three temperament dimensions. In Chapter 4, I therefore investigated to what extent the 
effect of participation in the Incredible Years (IY) parenting program on children’s disruptive 
behavior depended on children’s temperament, examining the role of negative emotionality, 
surgency, and effortful control separately. In a randomized controlled trial (RCT), in which the 
children showed above-average disruptive behavior, 386 parents and their children (mean 
age 6.31, of which 54.2% were boys) were followed. Data on the children’s behavior and 
temperament were collected before, immediately after, and 4 months after the intervention. 
Hierarchical regression analyses showed that the IY intervention was effective in reducing 
disruptive behavior, but that the child’s temperament did not moderate the effects of the IY 
intervention on disruptive behavior. This implies that the child’s temperament does not play a 
role in the effectiveness of a parenting intervention. In this study of the role of temperament 
in the relationship between parenting intervention and disruptive behavior, we also examined 
whether the parenting intervention changes children’s disruptive behavior simultaneously 
with the child’s temperament. Parallel process analyses showed that the intervention indeed 
led to a simultaneous decrease in both negative emotionality and disruptive behavior. These 
findings counter the long-standing belief that temperament is static and unchangeable in the 
relationship between parenting and disruptive behavior. Instead, child temperament (negative 
emotionality) may be at least partly influenced by parents.

Within the second aim, in the quest to understand individual temperament differences, 
there are also studies that showed that temperament has a genetic basis and that the 
(parenting) environment and genes work together in the development of disruptive behavior. 
The genetic predisposition for certain behavior can be investigated with a ‘polygenetic 
score’, which can be constructed with Genome Wide Association Studies (GWAS). However, 
to date, no research has been known to use a polygenetic score for disruptive behavior. In 
Chapter 5, I investigated whether a genetic predisposition for disruptive behavior influences 
the effectiveness of the Incredible Years parenting intervention by testing two opposing 
hypotheses. The ‘booster hypothesis’ states that a higher genetic predisposition for disruptive 
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behavior would be related to a greater decrease in disruptive behavior after an intervention. In 
contrast, the ‘barrier hypothesis’ states that the genetic predisposition for disruptive behavior 
limits the susceptibility to change through interventions. The biological, innate drive to show 
oppositional and challenging behavior would trump any contextual change in parenting. We 
analyzed pretest, posttest, and 4-month follow-up data from 287 parents and children who 
participated in the Incredible Years parenting program in a RCT study.

Results of hierarchical regression analyses showed that genetic predisposition to disruptive 
behavior did not influence the effectiveness of the intervention. These results suggest that 
parenting interventions can be effective for children who differ in their genetic predisposition 
to develop disruptive behavior. A possible explanation that the expected associations were 
not found could be that the GWAS we used to create our polygenic score for disruptive 
behavior did not match the disruptive behavior as measured in the study well enough. In 
addition, the GWAS consisted mainly of older participants (adolescents and adults), while our 
sample consisted of young children. It is possible that the influence of genes and which genes 
are important in certain behaviors varies over the lifespan and that this may depend on the 
environment. Unfortunately, to our knowledge, there are no GWASs available yet that is more 
closely related to disruptive behavior in (early) childhood.

Conclusion

In this dissertation, I investigated two main aims. In the first aim, I examined the interrelation 
between parenting, temperament, stress reactivity, and disruptive behavior of children, 
while also taking the socioeconomic status of families into account. I found that in families 
with toddlers, harsh parenting increased over time, together with negative emotionality 
and disruptive behavior. However, we found no reinforcing interaction between parenting, 
negative emotionality of the child and/or stress reactivity and disruptive behavior. In families 
with children aged 4 to 8 years, we found that negative emotionality and harsh parenting 
predicted later disruptive behavior. However, parenting did not appear to depend on the 
child’s temperament, and this was true for parents from lower and higher socioeconomic 
backgrounds. With the second aim, I examined how children differ in their response to an 
improved parenting context via a proven effective parenting intervention, is due to children’s 
temperament and/or their genetic characteristics. I found that temperament and the genetic 
makeup of children did not influence the effect of the intervention on disruptive behavior. Thus, 
the Incredible Years parenting intervention effectively reduces disruptive behavior in children, 
regardless of temperament and genetic makeup. However, we also found that the intervention 
led to simultaneous reductions in both negative emotionality and disruptive behavior. These 
findings contrast with the view that temperament is static and unchangeable. Instead, a child’s 
temperament (negative emotionality) can be at least partly influenced by parents, highlighting 
the importance of evaluating parenting interventions in terms of their effect on other important 
predictors of child outcomes.
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Oorsprong van Opstandigheid

De Rol van Temperament en Genen van Kinderen in Storend 
Gedrag en Opvoeding

Storend gedrag bij kinderen wordt gekenmerkt door ongehoorzaamheid, verbale en 
fysieke agressie, opstandig gedrag en een prikkelbare stemming. Hoewel het ontstaan 
van storend gedrag al op jonge leeftijd kan beginnen en deel uitmaakt van een normale 
ontwikkeling, neemt dit gedrag meestal af naarmate kinderen ouder worden. Echter, als het 
storende gedrag aanhoudt of verergert in de loop van de tijd, kan het leiden tot ernstigere 
ontwikkelingsproblemen, gedragsproblemen en psychopathologie. Daarom is het belangrijk 
om vroeg in te grijpen. Om dit effectief te kunnen doen, is het belangrijk de factoren te 
begrijpen die bijdragen aan de ontwikkeling en het in stand houden van storend gedrag.

Dit proefschrift heeft als doel een bijdrage te leveren aan het identificeren van deze 
factoren. Het omvat een reeks studies die de onderlinge relaties tussen temperament 
en genen van kinderen, opvoeding en storend gedrag van kinderen vanuit verschillende 
invalshoeken onderzoekt. Er zijn twee hoofddoelen met als eerste doel de onderlinge relaties 
tussen opvoeding, temperament, stressreactiviteit en storend gedrag van kinderen diepgaand 
te onderzoeken, waarbij ook rekening wordt gehouden met de sociaaleconomische status 
van gezinnen. Het tweede doel is te onderzoeken of de manier waarop kinderen reageren op 
een verbeterde opvoedcontext, via een bewezen effectieve opvoedinterventie, afhangt van 
kinderen hun temperament en/of hun genetische kenmerken.

Het eerste hoofddoel komt voort uit het gegeven dat er een gebrek is aan studies die 
zowel gedrag als fysiologische gegevens van kinderen combineren om de relaties tussen 
opvoeding, temperament, stressreactiviteit en storend gedrag te bestuderen, vooral op 
jonge leeftijd. Dit is problematisch want storend gedrag op jonge leeftijd is voorspellend 
voor meer problemen op latere leeftijd, waarbij opvoedgedrag van ouders een belangrijke 
rol speelt. Een invloedrijke factor in de ontwikkeling van storend gedrag is het vermogen van 
kinderen om te leren hun emoties te reguleren. Gedeeltelijk komt deze zelfregulatie voort 
uit temperament. Temperament kan onderverdeeld worden in drie dimensies: in hoeverre 
kinderen actief en impulsief zijn (surgency), de mate van zelfcontrole (effortful control) en 
in hoeverre kinderen sterke emoties ervaren (negative emotionality). Daarnaast speelt 
fysiologische stressreactiviteit een aanvullende rol. Studies hebben aangetoond dat een 
stressvolle gezinssituatie (bijv. hard opvoedgedrag waarin ouders tegen hun kind schreeuwen 
en fysieke straffen geven) het stresssysteem van kinderen kan ontregelen. Wanneer het 
stresssysteem van kinderen herhaaldelijk wordt geactiveerd, zal het systeem voortdurend 
over-geactiveerd raken, resulterend in een chronisch verhoogde stressreactiviteit en een 
verminderde zelfregulatie. Hoewel opvoeding, negatieve emotionaliteit en stressreactiviteit 
vaak worden gezien als onafhankelijke factoren in de ontwikkeling van storend gedrag, is er 
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ook bewijs voor een mediërend pad van hard opvoedgedrag naar meer storend gedrag via 
een toename in negatieve emotionaliteit en/of stressreactiviteit bij kinderen.

De eerste studie waarin ik dit heb onderzocht staat beschreven in Hoofdstuk 2. In 
dit hoofdstuk onderzocht ik of de relatie tussen opvoedgedrag (zowel hard als warme/
ondersteunende opvoeding) en storend gedrag bij peuters wordt gemedieerd door negatieve 
emotionaliteit en stressreactiviteit. Hierbij werd verwacht dat hard opvoedgedrag zorgt voor 
een toename van negatieve emotionaliteit en/of een verminderende stressreactiviteit, met 
meer storend gedrag als gevolg. Daartegenover werd verwacht dat warm opvoedgedrag voor 
minder negatieve emotionaliteit en/of een verhoogde stressreactiviteit zorgt, met uiteindelijk 
minder storend gedrag. In 72 gezinnen met peuters (gemiddelde leeftijd = 14,6 maanden 
bij het eerste meetmoment) rapporteerden ouders over hun opvoedgedrag, het storende 
gedrag en negatieve emotionaliteit van hun kinderen. De stressreactiviteit (hartslagreactiviteit) 
van de kinderen werd gemeten door middel van een reeks stress-inducerende taken. De 
resultaten lieten zien dat bij kinderen van deze leeftijd een versterkende dynamiek tussen hard 
opvoedgedrag, negatieve emotionaliteit, stressreactiviteit en storend gedrag nog niet duidelijk 
zichtbaar is. Een mogelijke verklaring kan zijn dat het opvoedgedrag in de bestudeerde 
gezinnen in de meeste gevallen “goed genoeg” was —wat wil zeggen dat de niveaus van hard 
opvoedgedrag in deze steekproef over het algemeen vrij laag waren. De effecten van hard 
opvoedgedrag op het gedrag van kinderen kunnen zich later in de ontwikkeling manifesteren, 
zoals gesuggereerd wordt door onderzoek naar de ‘coercive cycle’ binnen gezinnen.

Het verband tussen opvoeding, temperament en storend gedrag, zoals beschreven in het 
eerste doel, wordt mogelijk beïnvloed door factoren uit de bredere opvoedomgeving van het 
gezin. Hoewel opvoeding een belangrijke rol speelt in het beïnvloeden van de emotieregulatie 
en het gedrag van kinderen, is het geen eenzijdig proces en omvat het wederkerige interacties 
tussen ouder en kind. Kinderen lokken verschillende reacties uit in opvoedgedrag en zijn 
relatief moeilijker of gemakkelijker op te voeden door hun temperamentkenmerken. Deze 
bidirectionaliteit is breed onderzocht, maar de resultaten laten een wisselend beeld zien. De 
inconsistente bevindingen kunnen mogelijk worden verklaard door factoren uit de bredere 
opvoedomgeving, zoals de sociaaleconomische status (SES) van het gezin. Volgens het Family 
Stress Model vergroten economische moeilijkheden de stress die ouders ervaren en dit kan 
belemmerend werken in het gebruik van effectieve opvoedstrategieën. Het is dus belangrijk 
om meer zicht te krijgen in welke rol SES speelt in de ontwikkeling van storend gedrag van 
kinderen.

In Hoofdstuk 3 onderzocht ik daarom of de temperament dimensie negatieve 
emotionaliteit van kinderen indirect invloed heeft op storend gedrag via opvoedgedrag 
(hard en warm/ondersteunend) en of deze ketenreactie varieert naar sociaaleconomische 
status. Vragenlijsten en observaties uit een longitudinale studie met 386 ouder-kind paren 
met kinderen in de leeftijd van 4 tot 8 jaar werden gebruikt in dit onderzoek. De kinderen 
vertoonden bovengemiddeld storend gedrag. Gemodereerde mediatieanalyses toonden aan 
dat negatieve emotionaliteit van kinderen en hard opvoedgedrag voorspellend was voor later 
storend gedrag. Opvallend genoeg was er geen relatie tussen warm opvoedgedrag en storend 
gedrag bij kinderen. Een mogelijke verklaring hiervoor kan zijn dat hard opvoedgedrag in 
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feite een sterkere invloed heeft op storend gedrag. De resultaten van de studie zouden dus 
kunnen aansluiten bij het algemene idee dat “het slechte sterker is dan het goede” ― een 
psychologisch fenomenen dat laat zien dat een externe factor die als schadelijk of risicovol 
wordt beschouwd, meestal een sterkere invloed heeft op iemands gedrag dan iets dat even 
emotioneel is, maar als positief wordt beschouwd. Verder werd gevonden dat opvoedgedrag 
niet medieerde in de relatie tussen negatieve emotionaliteit en storend gedrag en dit was 
onafhankelijk van de sociaaleconomische status van het gezin. Deze studie vond daarom geen 
bewijs dat kinderen met een hogere negatieve emotionaliteit moeilijker op te voeden zijn en 
dit gold zowel voor ouders met lagere als hogere sociaaleconomische achtergronden. Het kan 
echter zijn dat een lage SES geen sterke stressfactor is in Nederland, door de grotere toegang 
tot maatschappelijke steun die ouders in lagere SES posities alsnog kunnen krijgen. Daarnaast 
was de SES van de gezinnen die deelnamen aan de studie relatief hoog. De beperkte variatie 
in SES kan er daarom voor hebben gezorgd dat we geen moderatie-effect vonden. Mogelijk 
zou een studie waarin er meer culturele en sociaal economische diversiteit is binnen de 
gezinnen een ander beeld schetsen.

Voor het behalen van het tweede hoofddoel heb ik onderzocht of de manier waarop 
kinderen reageren op een verbeterde opvoedcontext, via een bewezen effectieve 
opvoedinterventie, komt door kinderen hun temperament en/of hun genetische kenmerken, 
te beginnen met het temperament van kinderen. Er is een lange onderzoekstraditie die 
aantoont dat kinderen verschillen in hoe ze reageren op hun (opvoed)omgeving, wat duidt 
op moderatie-effecten. Zo wordt door Belsky en Pluess (2009) gesuggereerd dat kinderen niet 
op dezelfde manier reageren op hun (opvoed)omgeving vanwege individuele verschillen, zoals 
temperament. Echter, onderzoek naar dit moderatie effect is voornamelijk correlationeel van 
aard, terwijl experimentele studies nodig zijn om causale verbanden aan te kunnen tonen en 
alternatieve verklaringen uit te kunnen sluiten. Daarnaast is er nog weinig onderzoek gedaan 
naar het effect van alle drie de temperament dimensies.

In Hoofdstuk 4 onderzocht ik daarom in welke mate het effect van deelname aan het 
opvoedprogramma Incredible Years (IY) op het storende gedrag van kinderen afhankelijk 
was van het temperament van kinderen, waarbij ik heb gekeken naar de rol van negative 
emotionality, surgency en effortful control afzonderlijk. In een randomized controlled trial (RCT), 
waarin de kinderen bovengemiddeld storend gedrag vertoonden, werden 386 ouders en hun 
kinderen (gemiddelde leeftijd was 6,31, waarvan 54,2% jongens) gevolgd. Gegevens over het 
gedrag van de kinderen en hun temperament werd verzameld voor, direct na en 4 maanden na 
de interventie. Hiërarchische regressieanalyses toonden aan dat de IY-interventie effectief was 
in het verminderen van storend gedrag, maar dat het temperament van het kind de effecten 
van de IY-interventie op storend gedrag niet modereerde. Dit impliceert dat het temperament 
van het kind geen rol speelt in de effectiviteit van een opvoedinterventie. In deze studie naar 
de rol van het temperament van het kind in de relatie tussen de opvoedinterventie en storend 
gedrag hebben we ook gekeken of de opvoedinterventie het storend gedrag van kinderen 
verandert, gelijktijdig met het temperament van het kind. Parallelle procesanalyses toonden 
aan dat de interventie inderdaad leidde tot een gelijktijdige afname in zowel negatieve 
emotionaliteit als storend gedrag. Deze bevindingen weerleggen de langlopende overtuiging 
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dat temperament statisch en onveranderbaar is, in de relatie tussen opvoeding en storend 
gedrag. In plaats daarvan kan temperament van het kind (negatieve emotionaliteit) ten minste 
gedeeltelijk worden beïnvloed door ouders.

Binnen het tweede doel, in de zoektocht naar het begrijpen van individuele 
temperamentverschillen, zijn ook studies uitgevoerd waarin werd aangetoond dat 
temperament een genetische basis heeft en dat de (opvoed)omgeving en genen samenwerken 
in de ontwikkeling van storend gedrag. De genetische aanleg voor bepaald gedrag kan 
onderzocht worden met een ‘polygenetische score’, gemaakt op basis van Genome 
Wide Association Studies (GWAS). Echter, tot op heden is er geen onderzoek bekend dat 
een polygenetische score heeft gemaakt op storend gedrag. In Hoofdstuk 5 onderzocht 
ik of een genetische aanleg voor storend gedrag van invloed is in de effectiviteit van de 
opvoedinterventie Incredible Years door twee tegengestelde hypothesen te toetsen. De 
‘booster-hypothese’ stelt dat een hogere genetische aanleg voor storend gedrag gerelateerd 
zou zijn aan een grotere afname van storend gedrag na een interventie. Daarentegen stelt de 
‘barrière-hypothese’ dat de genetische aanleg voor storend gedrag de ontvankelijkheid voor 
verandering door interventies beperkt. De biologische, aangeboren neiging tot het vertonen 
van oppositioneel en uitdagend gedrag zou elke contextuele verandering in opvoeding 
overtreffen. We analyseerden pretest-, posttest- en 4-maanden follow-up gegevens van 287 
ouders en kinderen die deelnamen aan het opvoedprogramma Incredible Years in een RCT 
studie.

Resultaten van hiërarchische regressie analyses toonden aan dat de genetische aanleg 
op storend gedrag de effectiviteit van de interventie niet beïnvloedde. Deze resultaten 
suggereren dat opvoedingsinterventies effectief kunnen zijn voor kinderen die verschillen in 
hun genetische aanleg voor het ontwikkelen van storend gedrag. Een mogelijke verklaring 
dat de verwachte verbanden niet werden gevonden, kan zijn dat de GWAS die we gebruikten 
om onze polygenetische score op storend gedrag te maken niet goed genoeg aansloot bij het 
storende gedrag zoals we dat maten in de studie. Daarnaast bestond de GWAS voornamelijk 
uit oudere deelnemers (adolescenten en volwassenen), terwijl onze steekproef bestond uit 
jonge kinderen. Het is mogelijk dat de invloed van genen en welke genen belangrijk zijn in 
bepaald gedrag, varieert gedurende de levensloop en dat dit mogelijk afhankelijk is van de 
omgeving. Helaas zijn er, voor zover wij weten, nog geen GWAS‘s beschikbaar die nauwer 
gerelateerd zijn aan storend gedrag in (de vroege) kindertijd.

Conclusies

In dit proefschrift heb ik twee hoofddoelen onderzocht waarin de onderlinge relaties tussen 
temperament en genen van kinderen, opvoeding en storend gedrag leidend waren. Voor het 
eerste hoofddoel heb ik gekeken naar de onderlinge relaties tussen opvoeding, temperament, 
stressreactiviteit en storend gedrag van kinderen, waarbij ook rekening werd gehouden 
met de sociaaleconomische status van gezinnen. Ik ontdekte dat in gezinnen met peuters 
hard opvoedgedrag toenam in de loop van de tijd, samen met negatieve emotionaliteit en 
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storend gedrag. We vonden echter geen versterkende wisselwerking tussen opvoedgedrag, 
negatieve emotionaliteit van het kind en/of stressreactiviteit en storend gedrag. In gezinnen 
met kinderen van 4 tot 8 jaar ontdekten we dat negatieve emotionaliteit en hard opvoedgedrag 
later storend gedrag voorspelden. Echter, de manier van opvoeden bleek niet afhankelijk 
te zijn van het temperament van het kind, en dit gold voor ouders uit zowel lagere als 
hogere sociaaleconomische milieus. Voor het tweede doel heb ik onderzocht of de mate 
waarin kinderen reageren op een verbeterde opvoedcontext, via een bewezen effectieve 
opvoedinterventie, afhing van kinderen hun temperament en/of hun genetische kenmerken. 
Ik vond dat temperament en de genetische samenstelling van kinderen het effect van de 
interventie op storend gedrag niet beïnvloedden. De opvoedinterventie Incredible Years is dus 
werkzaam in het laten afnemen van storend gedrag van kinderen, ongeacht hun temperament 
en genetische samenstelling. We vonden echter ook dat de interventie leidde tot gelijktijdige 
afname in zowel negatieve emotionaliteit als storend gedrag. Deze bevindingen zijn in contrast 
met de opvatting dat temperament statisch en onveranderbaar is. In plaats daarvan kan het 
temperament van een kind (negatieve emotionaliteit) ten minste gedeeltelijk beïnvloed worden 
door ouders, wat het belang aantoont van het evalueren van opvoedingsinterventies in termen 
van hun effect op andere belangrijke voorspellers van uitkomsten voor het kind.
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