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General Introduction | Chapter 01

01For a long time, research has focused on why some children are more vulnerable than 
others to risks and dangers in their environment, to harsh circumstances they may 
encounter, or to poor-quality rearing (Monroe & Simons, 1991; Zuckerman, 1999). But 
could these so-called “vulnerable” children also blossom exuberantly when growing up in 
a nurturing, supportive environment? The answer to this question may be “yes”, according 
to a more newly developed differential susceptibility model (Belsky, 1997a, 1997b; 2005; 
Belsky, Bakermans-Kranenburg, & van IJzendoorn, 2007; Boyce et al., 1995; Boyce & 
Ellis, 2005; Ellis, Boyce, Belsky, Bakermans-Kranenburg, & van IJzendoorn, 2011; Ellis, 
Essex, & Boyce, 2005). The differential susceptibility model asserts that children vary 
in their general susceptibility to environmental influences. Crucially, the very children 
that are disproportionately vulnerable to harsh and low-quality parenting, may benefit 
disproportionately from supportive and high-quality parenting, being susceptible “for 
better and for worse”. Differential susceptibility and the exciting new perspective it offers on 
human development have caught on like wildfire, resulting in a prolific literature that claims 
to find support for differential susceptibility (for reviews, see Belsky & Pluess, 2009; Ellis 
et al., 2011). Yet too many unanswered questions remain to fully embrace the differential 
susceptibility model. This dissertation addresses some of these questions. 

How can we tell which children are more and less susceptible to their environment? 
Previous studies have focused on genotypes, physiological reactivity, and temperament 
traits to mark differences in the way individuals are shaped by their environment (Belsky & 
Pluess, 2009). In this dissertation temperament traits are examined as potential markers of 
individual differences in susceptibility. Temperament has been defined as “constitutionally 
based individual differences in reactivity and self-regulation, in the domains of affect, 
activity, and attention” (Rothbart & Bates, 2006, p. 100). These differences start to appear 
early in life, are relatively stable across the life span, and are presumed to have a genetic or 
neurobiological basis (Goldsmith et al., 1987). The overarching aim of this dissertation is to 
examine whether individuals vary in their susceptibility to their social contexts, particularly 
parenting, both “for better” and “for worse”, depending on their temperament traits.

Differential Susceptibility and Other Models of Individual Differences in 
Environmental Sensitivity
The studies in this dissertation are guided by the differential susceptibility model as specified 
in Ellis and colleagues (2011). The sections below discuss how differential susceptibility 
relates to other models of individual differences in environmental sensitivity (i.e., person-
by-environment interactions), and elaborate on the evolutionary reasoning underlying 
differential susceptibility. 
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Early models of individual differences in environmental sensitivity
While considered common sense today, less than fifty years ago, examining how children 
vary in response to the same child rearing environments depending on their temperament 
was a novel idea. That child adjustment may result from the combination of children’s 
temperament and their parenting environment was first emphasized by the goodness-of-fit 
model (Thomas, Chess, & Birch, 1968), which recognized that temperament, and especially 
the match between temperament and parenting, matters for how children are shaped by 
parenting. Later work by Bates (1989), as well as Wachs and Gandour’s (1983) organismic-
specificity hypothesis and Bronfenbrenner and Morris’s (2006) process-person-context-
time model posit that socialization effects vary depending on person characteristics of 
the child. These models are quite generic in their predictions: While they predict person–
environment interactions, they do not predict exactly which shape these interactions should 
take; any interaction would provide support for these models.

Vulnerability models
Research on how individual characteristics modify environmental effects has traditionally 
been guided by what developmentalists call the dual-risk model (Sameroff, 1983) and what 
those studying psychopathology call the diathesis-stress model (Monroe & Simons, 1991; 
Zuckerman, 1999)1. According to these models some individuals possess characteristics 
that make them disproportionately vulnerable to stressors in their environment. These 
predisposing “vulnerabilities” (i.e., diatheses) can be behavioral in character (e.g., difficult 
temperament), physiological or endophenotypic, or genetic. The basic premise is that a 
diathesis is activated by a stressor, “transforming the potential of predisposition into the 
presence of psychopathology” (Monroe & Simons, 1991, p. 406).

Evolutionary foundations of differential susceptibility
The differential susceptibility model suggests that so-called vulnerability characteristics 
may actually reflect a general sensitivity to both harsh and supportive circumstances, 
making certain children susceptible “for better and for worse” (Belsky et al., 2007). That 
is, the very qualities that appear to increase children’s frailties may also be their strength, 
given supportive contexts (Boyce & Ellis, 2005). This provides a fundamentally different 
perspective from diathesis-stress notions, which emphasize individual differences in the 
tendency to be disproportionally affected by negative features of the environment only, with 
children ranging from vulnerable to resilient in the face of adversity (See Figure 1).

1 In this dissertation we choose to refer to both these models combined as the diathesis-stress model.
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Figure 1. Graphical Display of Diathesis-stress, Vantage Sensitivity, and Differential Susceptibility. 
The lines describe the diathesis-stress model (solid gray and striped black lines), the vantage 
sensitivity model (solid gray and dotted black lines), and the differential susceptibility model (solid 
gray and solid black lines). Adapted from “The hidden efficacy of interventions: Gene-environment 
experiments from a differential susceptibility perspective,” by M. Bakermans-Kranenburg and M. H. 
van IJzendoorn, 2015, Annual Review of Psychology, 66, 381–409.

The differential susceptibility model is founded on evolutionary logic. From the perspective 
of evolutionary biology, the goal of each living organism is to reproduce (and to survive 
until this goal has been reached). Achieving survival and reproduction is more likely when 
a good match exists between the characteristics of an organism and its environment, that 
is, when an organism acts in a way that optimizes its chances of survival and reproduction 
in its environment. From this perspective, it would make sense for children’s development 
to be guided by the parenting they experience, because early parenting experiences prepare 
children for the environment in which they will have to survive and reproduce at a later 
age. However, using childhood experiences to regulate adolescent and adult development 
(i.e., conditional adaptation; see West-Eberhard, 2003) only pays off when childhood 
environments are reliably related to adult environments (Pigliucci, 2001). This is not always 
the case, however; the future is inherently uncertain. This means conditional adaptation 
will occasionally lead to a developmental mismatch, in which children are prepared for 
the “wrong” environment, leaving them with severely diminished chances of survival and 
reproduction. Therefore, the differential susceptibility model poses that, as a form of bet-
hedging against an uncertain future, natural selection would have shaped parents to bear 
children varying in developmental plasticity, with some children being more affected by 
the parenting they experience than others (Belsky, 1997a, 1997b, 2000, 2005). In this way, 
less susceptible children are protected from parenting that turns out to be ill-suited to their 
later environment, while more susceptible children benefit from parenting that proves to 
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match their future environment. In sum, the differential susceptibility model has dramatic 
consequences for understanding why children differ in their responsiveness to parenting 
and intervention efforts.

It is important to note that heightened susceptibility to both positive and 
negative environments has different implications when viewed from developmental-
psychopathology and evolutionary perspectives. From a developmental-psychopathology 
perspective, more susceptible individuals are more likely to experience positive outcomes 
in positive environments (i.e., “for better,” according to prevailing Western values; e.g., 
social competence, educational and professional success) and negative outcomes in 
negative environments (i.e., “for worse,” according to those same values; e.g., internalizing 
problems, externalizing problems). By contrast, from an evolutionary perspective more 
susceptible individuals develop in ways that match their early environments —both harsh 
and supportive—, thereby promoting their chances of reproduction in those environments. 
For instance, in harsh environments aggression may be a needed skill for acquiring status, 
and while not socially desirable, it may be adaptive in the evolutionary sense.

Other evolutionary-based models of individual differences in environmental 
sensitivity
In a parallel but independent line of theoretical work, Boyce and Ellis’s (Boyce et al., 1995; 
Boyce & Ellis, 2005; Ellis, Essex, & Boyce, 2005) biological sensitivity to context model was 
developed (see Del Giudice, Ellis, & Shirtcliff, 2011; Ellis, Del Giudice, & Shirtcliff, 2013, 
for a more recent extension: The adaptive calibration model2). According to this model, 
differences in plasticity occur based on the amount of stress vs. support children have been 
exposed to during childhood. Those exposed to much stress would develop heightened 
physiological reactivity, increasing their capacity to detect and respond to threats and 
danger, while those growing up in a supportive context would also develop heightened 
physiological reactivity, enabling them to profit from social resources and support. By 
contrast, children growing up in environments that are not extreme in either direction 
would develop lowered physiological reactivity to stress, buffering them against the chronic 
stressors of a world that is neither highly threatening nor consistently safe.

Thus, whereas differential susceptibility hypothesizes the maintenance of differences in 
susceptibility across generations through diversified bet-hedging, biological sensitivity to 
context hypothesizes the development of differences in susceptibility through conditional 

2 The adaptive calibration model is a theory of developmental programing that focusses on how stress 
response systems are calibrated in response to environmental conditions. Four different responsivity 
patterns are proposed, with high- and low-responsivity patterns developing under both low-stress and high-
stress environmental conditions.
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01adaptation to stress-levels in the environment3 (Ellis et al., 2011). Further, biological 
sensitivity to context originated in empirical observations of differences in children’s 
stress reactivity to challenge (Boyce et al., 1995; Boyce & Ellis, 2005), whereas differential 
susceptibility initially focused on temperament. However, these two perspectives are 
certainly not mutually exclusive, and could potentially act in chorus. In fact, they have 
been joined together into an overarching evolutionary-neurodevelopmental theory of 
differential susceptibility (Ellis et al., 2011). This theory asserts that individual differences 
in neurobiological susceptibility exist, which are adaptive in the evolutionary sense. 
Individuals characterized by heightened neurobiological susceptibility display enhanced 
sensitivity to both negative and positive environments. The extent to which environments 
shape individuals’ development depends on how susceptible they are. In this dissertation 
we use the differential susceptibility theory as specified in Ellis and colleagues (2011) as a 
guiding theoretical framework. 

Differential susceptibility and biological sensitivity to context also share much in 
common with Aron and Aron’s (1997; Aron, Aron, & Jagiellowicz, 2012) model of sensory 
processing sensitivity, which asserts that some people process sensory information more 
thoroughly than other people. The main difference is that differential susceptibility and 
biological sensitivity to context began with a focus on child developmental processes, 
whereas sensory processing sensitivity started with a focus on cognitive processes in adults.

Finally, the vantage sensitivity model followed the differential susceptibility model, and 
was developed to describe individual differences in the tendency to benefit from positive 
features of the environment only (Manuck, 2011; Pluess & Belsky, 2013). According to this 
model, some individuals show vantage sensitivity (meaning they benefit disproportionately 
from enriched environments, whereas others show vantage resistance (meaning they gain 
little to nothing from enriched environments; see Figure 1).

Aims of This Dissertation
Despite tentative support for the differential susceptibility model, some crucial questions 
remain. This dissertation seeks to find answers to these questions, guided by the four aims 
discussed hereafter. Table 1 displays which aims are tested in which chapter and using 
which samples. 

3 Frankenhuis and Panchanathan (2011) provide an additional explanation of the development of differences 
in susceptibility, drawing on conditional adaptation to levels of unpredictability in the environment, i.e., 
stochastic sampling
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01Aim 1: Testing differential susceptibility “for better and for worse”
Much of the research on differential susceptibility has not been in a position to actually test 
whether a subset of children could be susceptible to both harsh and supportive environments, 
for two reasons. The first reason is that studies oftentimes measured a restricted range of 
environments and outcomes, the second that they did not use within-person designs. Thus, 
the first, and overarching, aim of this dissertation is to examine whether individuals vary in 
their susceptibility to parenting, both for better and for worse. 

Certain models of environmental sensitivity— diathesis-stress, differential susceptibility, 
and vantage sensitivity—are partly overlapping, and selection of a restricted range of 
environments and outcomes (just the positive side or just the negative side) renders 
them indiscernible (see Figure 1). For instance, measuring adversity and its absence, or 
dysfunction and its absence, does not constitute the full range of environments and 
outcomes (Ellis et al., 2011). Only a focus on the full range, from negative to positive, reveals 
the difference between these models. Unfortunately, most individual studies on parenting-
by-temperament interactions do not meet this requirement. These studies focus on both 
a restricted range of environments, emphasizing either the negative end of the spectrum 
or the positive end of the spectrum, and on a restricted range of developmental outcomes, 
again emphasizing either the negative or the positive (Pluess, Stevens, & Belsky, 2013). In the 
studies in this dissertation, we aimed to assess environments and outcomes ranging from 
negative to positive, to find out which model of individual differences in environmental 
sensitivity would be best supported by the data. The only exception to this is chapter 2, 
which started by using a diathesis-stress framework to examine differences in sensitivity 
to friends’ delinquent behavior, depending on adolescents’ personality traits. In addition to 
conducting individual studies, the longitudinal and experimental literature on parenting-
by-temperament interactions to date was meta-analyzed in chapter 5, testing whether both 
associations between negative parenting and negative child adjustment and associations 
between positive parenting and positive child adjustment are stronger for children who 
score higher on putative susceptibility markers.

A key assumption of the differential susceptibility model is that same children who are 
disproportionately vulnerable to negative experiences might also be disproportionately 
likely to benefit from positive experiences, and vice versa (“for better and for worse”). Past 
research has not been able to directly test this assumption, however, because participants in 
differential susceptibility studies have not been exposed, experimentally, to both negative 
and positive environmental conditions. The resulting lacuna presents a challenge to 
differential susceptibility theory because, if the assumption of “for better and for worse” 
was falsified, a central assumption of the theoretical framework would be called into 
question. Using an experimental research design, this assumption was tested in chapter 6, 
by exposing individuals to both negative and positive social contexts. Crucially, a between-
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subjects design (experimental and control group) was combined with a within-subjects 
design (exposing children in the experimental group to both negative and, subsequently, 
positive feedback). In chapter 8, a within-person design was used again, but in a natural 
setting, observing parent-child interactions. Here it was examined whether a subset of 
children, compared to other children, would be both more likely to respond with negative 
emotions to the negative emotions of their mothers as well as with positive emotions to the 
positive emotions of their mothers.

Aim 2: How to recognize susceptible individuals using temperament traits
While several markers of susceptibility have been examined, researchers still know little about 
susceptibility per se, including whether we are even using appropriate markers to identify 
susceptible individuals. The second aim of this dissertation was to test existing markers 
and find new markers that could be used to tell which individuals would be more and less 
susceptible to environmental influences. Early attempts to identify potential susceptibility 
markers called attention to negative emotionality or difficult temperament (Belsky, 1997b, 
2005; Belsky, Hsieh, & Crnic,1998). Somewhat surprisingly, negative emotionality seemed 
to not only predispose children to be disproportionately vulnerable to environmental 
stressors, but also to predispose them to benefit more from supportive experiences (Belsky 
& Pluess, 2009; Pluess & Belsky, 2010a). Compared to their counterparts lower on negative 
emotionality, children high on negative emotionality showed more behavior problems and 
lower social and academic adjustment when parenting quality was low, and less behavior 
problems and better adjustment when parenting quality was high (e.g., Roisman et al., 2012). 
Subsequent research into temperament markers of susceptibility has frequently involved 
negative emotionality in one form or another too (Ellis et al., 2011) —perhaps because of the 
predominance of research based on a diathesis–stress model, which tended to focus on this 
putative “vulnerability factor.” Yet it is not immediately evident why negative emotionality 
would also indicate a general susceptibility to both negative and positive environments. In 
this dissertation negative emotionality was examined, but other temperament traits were 
also explored as potential susceptibility markers. 

Three broad temperament dimensions in childhood have repeatedly been identified 
by classic temperament researchers such as Rothbart and Bates (2006), Thomas and 
Chess (1977), Buss and Plomin (1975), and Goldsmith and Campos (1982): Negative 
emotionality4, surgency, and effortful control5 (De Pauw, Mervielde, & van Leeuwen, 2009; 
Mervielde & Asendorpf, 2000). Negative emotionality can be described as the tendency 
to be easily distressed (Putnam, Ellis, & Rothbart, 2001). It is a general dimension, which 

4 The model by Goldsmith and Campos also focuses on positive emotions. However, following the other three 
temperament models we considered positive emotionality to be an aspect of Surgency/extraversion.

5 Not present in the Buss and Plomin model, perhaps because this trait is only just emerging prior to 
kindergarten. To be comprehensive, we do include this trait in this dissertation.
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01encompasses emotions of fear, worry, sadness, discomfort and anger, frustration, and 
irritability. Surgency reflects a predisposition to be actively involved with the environment, 
as can be seen in, for instance, the tendency to approach novelty, to enjoy intense activities, 
and to be sociable, active and impulsive (Putnam et al., 2001). Finally effortful control 
can be defined as the capacity to inhibit a dominant response in favor of a subdominant 
one, enabling individuals to direct their attention, and to regulate emotions and behaviors 
(Rothbart & Bates, 2006). Chapter 3 examined these three potential susceptibility markers 
among a sample of elementary school children. In chapter 5 the literature on parenting-
by-temperament interactions was meta-analyzed, and these three traits, as well as difficult 
temperament —a broader dimension encompassing (aspects of) negative emotionality, 
surgency, and effortful control— were tested as potential susceptibility markers.

Many researchers argue that, at least from preschool age onwards, temperament 
traits and personality traits are very similar (e.g., Caspi, Roberts, & Shiner, 2005; Caspi 
& Shiner, 2006; de Pauw et al., 2009). Personality traits can be defined as biologically 
based psychological tendencies that follow intrinsic paths of development, essentially 
independent of environmental influences (McCrae et al., 2000). Personality is considered 
to be more inclusive than temperament. While temperament represents the affective, 
activational, and attentional core of personality, personality also includes skills, habits, 
values, morals and beliefs, among other things (Rothbart & Bates, 2006). The Big Five 
personality traits extraversion, agreeableness, conscientiousness, emotional stability, 
and openness to experience can be traced back to temperament factors of extraversion/
surgency, affiliativeness, effortful control, negative emotionality, and orienting sensitivity, 
respectively (Rothbart, Ahadi, & Evans, 2000; Evans & Rothbart 2007). In chapter 2 the Big 
Five personality traits were tested as potential vulnerability markers of associations between 
friends’ delinquent behavior and adolescents’ own delinquent behavior. Further, in chapter 
4 it was examined whether the Big Five traits can function as susceptibility markers among 
a sample of parents. 

More recently, sensory processing sensitivity (SPS) has been advanced as a potential 
susceptibility marker (Aron & Aron, 1997; Aron et al., 2012), although compared to negative 
emotionality it has been studied less extensively and mainly among adults (Belsky & Pluess, 
2009). SPS entails a low sensory threshold and high sensitivity to subtle stimuli (Aron et al., 
2012). Individuals high on SPS tend to be more aware of information in their environment, 
and tend to process this information on a deeper and more complex level than other people, 
which affects the way they plan, think, and learn. Because they process experiences more 
thoroughly, their development is believed to be more strongly affected by, or susceptible 
to, their environment. In contrast to negative emotionality, SPS is theoretically linked to a 
broader sensory awareness and processing of information in the environment, regardless 
of valence (Aron et al., 2012). In chapter 7 negative emotionality and sensory processing 

14356_Slagt_BW.indd   19 19-01-17   11:29



20 

Chapter 01 | General Introduction

sensitivity were compared as potential susceptibility markers, in a longitudinal study among 
kindergartners. 

Finally, within the phenotypic level, most research on differential susceptibility has 
interpreted temperament traits as reflecting a general style of interpreting and reacting 
to the environment. Chapter 8 of this dissertation took a different approach, focusing on 
how temperament is expressed in everyday life (“temperament in action”, cf. Poorthuis et 
al., 2014), for instance expressed emotions in interactions with parents (McAdams & Pals, 
2006). Children’s observed emotional reactivity to positive as well as negative parental 
emotions was studied, and subsequently it was tested whether the same children that react 
most strongly to their parents’ emotions during moment-to-moment interactions are also 
the ones whose development over a year is most strongly predicted by parenting at the 
beginning of that year

Aim 3: Differential susceptibility across the lifespan
While the study of differential susceptibility is up-and-coming, a developmental perspective 
discussing whether susceptible individuals remain susceptible throughout their lives 
has been wanting (Pluess et al., 2013). The third aim of this dissertation was to examine 
whether differences in susceptibility exist throughout the lifespan, and whether the best 
temperament traits to identify these differences vary throughout life. Plausibly, susceptible 
individuals are more susceptible during some stages of life than others (Belsky & Pluess, 
2013a; Windhorst et al., 2015). How susceptible a person is, may depend not only on 
inborn, biologically based characteristics, but also on postnatal experiences (Boyce et al., 
1995; Boyce & Ellis, 2005; Ellis et al., 2005; Pluess & Belsky, 2011), which suggests that the 
capacity for susceptibility could differ across age. Indeed, it is during the early years of life, 
when biological systems are being established, that individuals are presumed to be most 
susceptible to environmental influences, both the good and the bad (e.g., Ganzel & Morris, 
2011). It might be that at this early phase in life, differences between those who are more 
and who are less susceptible are also most apparent. 

Moreover, even if susceptible individuals remain susceptible throughout their lives, the 
best markers to identify them might vary across age. That is, certain temperament traits might 
be better markers of differences in susceptibility at some ages than at others. Temperament 
traits have been shown to develop (Janson & Mathiesen, 2008; Roberts & DelVecchio, 
2000), being shaped by postnatal experiences (Bergman, Sarkar, Glover, & O’Connor, 2008; 
Blandon, Calkins, Keane, & O’Brian, 2010). For instance, as susceptible children grow 
older, information from their environment could fine-tune their temperament to their 
(parenting) environment (see also Hall & Perona, 2012), making certain temperament traits 
less accurate susceptibility markers at a later age. 
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01These issues were tackled by examining samples of different ages throughout this 
dissertation. Differential susceptibility was studied among kindergartners (chapters 6, 7, 
and 8), elementary school children (chapter 3), adolescents (chapter 2), and parents (chapter 
4). Moreover, in chapter 5 a meta-analysis was performed using samples of children aged 
zero to eighteen, and testing moderation of differential susceptibility effects by age. 

Aim 4: Differential susceptibility at different time scales
Differential susceptibility can be studied at two levels: A macro level and a micro level. 
The first level involves developmental susceptibility to the environment, focusing on more 
long-term developmental changes, such as when experiences early in life affect a person’s 
subsequent developmental trajectory. This long-term approach is well-established in the 
field, and mostly uses longitudinal designs or macrotrials (interventions, such as parent 
training, that aim at changing general life circumstances; van IJzendoorn & Bakermans-
Kranenburg, 2015) to test differential susceptibility. The second level involves more transient 
fluctuations in functioning, focusing on short-term changes, such as immediate effects 
of stimuli on behavior or cognition. This second approach to differential susceptibility 
has received little empirical attention so far. To differentiate between these two levels of 
analysis, we refer to the long-term, macro approach as differential susceptibility (as per Ellis 
et al., 2011) and the short-term, micro approach as differential reactivity. The fourth aim of 
this dissertation was to examine both differential susceptibility and differential reactivity, 
and their association.

Concerning differential susceptibility on a macro-level, in chapter 5 the research in 
this area was summarized, examining differences in sensitivity to parenting depending 
on child temperament. Additional empirical tests were performed, examining negative 
emotionality, impulsivity and effortful control (chapter 3), the big five personality traits 
(chapter 4), and negative emotionality and sensory processing sensitivity (chapter 7) as 
potential susceptibility markers in individual studies. As to differential reactivity on a 
micro level, in chapter 6 an experimental test was performed, exposing children in the 
experimental group to both negative and positive feedback using puppet role plays. While 
in chapter 6 an experimental approach was taken in testing differential reactivity, in chapter 
8 differential reactivity was examined in a natural setting, namely parent-child interactions. 
Children’s expressed emotions in response to parents’ expressed emotions were observed, 
to find out whether a subset of children, compared to other children, would be both more 
likely to respond with negative emotions to the negative emotions of their mothers as well 
as with positive emotions to the positive emotions of their mothers. These children would 
be defined as emotionally reactive “for better and for worse”. It was also tested whether 
emotional reactivity “for better and for worse” would be associated with more traditional 
temperament markers, namely negative emotionality, surgency, effortful control, and 
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sensory processing sensitivity. Finally, it was tested whether emotional reactivity “for 
better and for worse” operates as a differential susceptibility marker in a longitudinal study, 
moderating associations between parenting and child behavior

Study Design and Samples
The samples used in this dissertation are described below, and their most important 
characteristics are summarized in Table 1. 

Sample 1
For chapter 2, participants were 285 Dutch adolescents (50% girls, Mage = 15.5 years, SD = 
0.8 years) from the Nijmegen Family and Personality Study (Haselager, Knippenberg, & 
van Aken, 2014). The entire study entailed 3 annual measurement waves, during which four 
family members (mother, father, older adolescent, younger adolescent) participated. The 
focus in this chapter was on older adolescents, and only waves 2 and 3 were used. During 
each wave an interviewer visited the families at home and asked the adolescent and the 
parents to complete a questionnaire. In addition, at wave 2 best friends of adolescents were 
invited to fill in a questionnaire and send it back by mail. Mothers and fathers judged the 
personality of their child at wave 2: Conscientiousness, emotional stability, agreeableness, 
extraversion, and openness were assessed. Delinquency of best friends was rated at wave 1 
by both the adolescents and the best friends themselves. Delinquency of adolescents was 
rated at wave 2 and 3 by adolescents. 

For chapter 4, 288 mothers (Mage = 43.9 years, SD = 3.7 years) and 288 fathers (Mage = 
41.7 years, SD = 3.3 years) from the Nijmegen Family and Personality Study participated at 
waves 1, 2, and 3. Mothers and fathers rated each other’s personality. Further, both parents 
rated the support they perceived from each other and from their child, ranging from a low 
quality of support to a high quality of support. Finally, the older adolescents in the family 
rated the support they perceived from both their parents.

Sample 2
In this longitudinal study 120 Dutch children (54% girls) between the ages of six and eleven 
participated. At wave 1, during a first home visit parents provided information on their 
children’s temperament and behavior and on their own parenting behavior by completing 
several questionnaires. During a second home visit, parents were observed in how they 
interacted with their children. At wave 2, two years later parents again filled out a mailed 
questionnaire concerning their children’s behavior. Mothers and fathers reported on their 
children’s negative emotionality, impulsivity and effortful control. To reduce shared method 
bias, observations of parenting made during the home visit, namely responsiveness and 
harsh parenting, were used as the main parenting measure. In addition to observations 
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01of parenting, self-reports of parental and harsh discipline were used to try and replicate 
the findings obtained using observations. Finally, mothers and fathers reported on their 
children’s externalizing and prosocial behaviors. 

Sample 3
The total sample for the meta-analysis consisted of k = 105 samples stemming from 84 
studies, together containing Nmean = 6,153 participants. Longitudinal studies with children 
up to 18 years that reported on a parenting-by-temperament interaction predicting child 
adjustment were included. Information coded from these studies included negative and 
positive parenting, negative and positive child adjustment and putative sensitivity markers 
(difficult temperament, negative emotionality, surgency, and effortful control). Several 
potential moderators of differential susceptibility effects were coded as well, namely the 
domain of child adjustment (internalizing problems, externalizing problems, social 
competence, cognitive competence), child age at temperament assessment, and parenting 
assessment method (observations vs. questionnaires). 

Sample 4
The sample consisted of 280 Dutch children (47% girls) between the ages of 4 and 7. During 
a screening phase, parents filled out a short online questionnaire where they could sign 
up for the study and complete a short screening questionnaire inquiring after children’s 
negative emotionality and surgency. After the screening, three more waves of online data 
collection took place, spaced seven months apart. At each of these three waves parents 
reported on their parenting behaviors while teachers reported on children’s externalizing 
and prosocial behavior. Parents provided information additional information on children’s 
temperament (effortful control and sensory processing sensitivity) at wave 1. Based on the 
temperament data acquired during screening, 190 children were selected for home visits. 
These children were visited at home twice by trained experimenters. During the first visit 
observations of parent-child interactions took place and children participated in the first 
half of an experiment. During the second visit, the second half of the experiment took place. 

 
In chapter 6 the focus was on the 190 children who participated in the experiment. The 
experimental manipulation consisted of role-play scenarios using puppets. Children in the 
experimental group each received two manipulations, namely positive feedback and negative 
feedback (counterbalanced), while children in the control group received no feedback. 
Dependent measures were assessed at pre- and posttest of the two different manipulations, 
i.e., at four time points. The dependent measures —positive affect, prosocial intentions, 
prosocial behavior, negative affect, antisocial intentions, and antisocial behavior— were 
assessed using a combination of verbal questions, vignettes, and tasks. 
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For chapter 7, 264 children who participated in the longitudinal part of the study with 
their mothers were selected. Children’s negative emotionality and sensory processing 
sensitivity were reported on by mothers. Negative and positive parenting were both 
measured using a collection of questionnaires. Overreactivity, power assertion, ignoring, 
and inconsistent discipline scales were combined into a negative parenting score using 
confirmatory factor analysis. Responsiveness, autonomy granting, positive interactions, 
positive parenting and inductive discipline scales were combined into a positive parenting 
score, using confirmatory factor analysis as well. Finally, teachers reported on children’s 
externalizing and prosocial behaviors. 

For chapter 8, 144 children who participated with their mothers in the observations of 
parent-child interactions were included. Children and their mothers were observed during 
5 minutes of parent-directed play and 5 minutes of clean-up. These interactions were 
videotaped and coded afterwards. For each five-second segment of the interaction, negative 
emotions, neutral, and positive emotions were coded, for both mothers and children. In 
addition longitudinal questionnaire data were used, including the measures described for 
chapter 7, and surgency and effortful control. 

Outline of This Dissertation

Figure 2 provides a schematic overview of the associations and concepts that are tested in 
each chapter. In the following chapters the findings from each study are presented.
 In chapter 2, it was studied whether some adolescents are more sensitive than others 
to friends’ delinquent behavior—reflected in rank-order increases in their own delinquent 
behavior over time—depending on their personality traits. Sensitivity to both perceived 
(reported by adolescents) and self-reported (reported by friends) delinquent behavior of 
friends were examined. 
 Chapter 3 examined whether elementary school children differ in their susceptibility 
to harsh as well as responsive parenting as reflected in their externalizing and prosocial 
behavior two years later. The focus was on three potential susceptibility markers assessed 
during middle childhood: Negative emotionality, impulsivity (surgency), and effortful 
control. 
 Next, chapter 4 built on the many studies examining differential susceptibility in 
childhood, testing whether differential susceptibility would extend to adulthood. To this 
end, it was examined whether parents are differentially susceptible to support from their 
spouse and adolescent child depending on their personality traits, and whether differences 
in susceptibility to support among parents, in turn, are linked to the quality of support 
parents give to their children. 
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Ch. 6

Ch. 8

Ch. 2, 3, 4, 5, 7

Ch. 8

Figure 2. Overview of associations and concepts tested per chapter.

Chapter 5 went on to summarize the literature on parenting-by-temperament interactions 
using a meta-analysis. It was examined whether children vary in sensitivity to parenting 
depending on their temperament, and if so, which model (diathesis-stress, differential 
susceptibility, vantage sensitivity) can best be used to describe this sensitivity pattern. 
Specifically, it was tested whether associations between negative parenting and negative 
or positive child adjustment as well as between positive parenting and positive or negative 
child adjustment would be stronger among children higher on putative sensitivity markers 
(negative emotionality, surgency, and effortful control, as tested in chapter 3 as well, and 
difficult temperament). In addition, it was examined whether differential susceptibility 
effects, if found, would depend on the age at which children’s temperament was assessed, the 
domain of child adjustment examined, or the method with which parenting was assessed. 
 In chapter 6 we turned to experimental methods to examine one of the core 
assumptions of the differential susceptibility model, namely that the same children who 
respond most strongly to negative changes in their environment also respond most strongly 
to positive changes. Following calls by Ellis and colleagues (2011) and van IJzendoorn and 
Bakermans-Kranenburg (2015), an experimental within-subjects design was introduced 
to test differential susceptibility, manipulating the micro-environment of children in the 
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experimental group both “for better” and “for worse”. If predictions of the differential 
susceptibility model are correct and apply to situational reactivity, then children scoring 
higher on negative emotionality should show more pronounced changes in affect, intentions, 
and behavior when receiving positive as well as negative feedback. 
 In chapter 7 a new, and potentially more proximal, susceptibility marker was examined, 
namely sensory processing sensitivity. Specifically, using a longitudinal study negative 
emotionality and sensory processing sensitivity were compared as markers of individual 
differences in susceptibility to parenting among kindergartners. 
 In chapter 8 a combination of observation data and longitudinal questionnaire data was 
used to study the relationship between differential reactivity and differential susceptibility. 
In this chapter three questions were addressed: 1: Does a subset of children exist that 
are both more likely to respond with negative emotions to the negative emotions of 
their mothers and with positive emotions to the positive emotions of their mothers (i.e., 
a differentially reactive group, scoring high on emotional reactivity “for better and for 
worse”)? 2: How do other temperament markers (negative emotionality, surgency, effortful 
control, sensory processing sensitivity), parenting, and demographic characteristics relate 
to observed emotional reactivity? 3: Do children higher on emotional reactivity show 
stronger longitudinal associations between parenting and development? Finally, in chapter 
9, the results described in the previous chapters are summarized and discussed in relation 
to the four aims of this dissertation, and directions for future research are provided. 
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Abstract

In this longitudinal study we examined whether personality traits (parent-rated Big Five 
personality traits) render some adolescents more susceptible than others to delinquent 
behavior of friends, predicting rank-order changes in adolescents’ self-reported delinquent 
behavior. We examine susceptibility to both perceived (reported by adolescents) and self-
reported (reported by friends) delinquent behavior of friends. Participants in this two-wave 
study were 285 Dutch adolescents and their best friend. The adolescents (50% girls) were 
15.5 years old on average (SD= 0.8 years), and their best friends (N= 176; 58% girls) were 
15.1 years old (SD= 1.5 years). Perceived (but not self-reported) delinquency of friends 
predicted a stronger increase in adolescent delinquency one year later, especially among 
adolescents low or average on conscientiousness. Emotional stability, agreeableness, 
extraversion, and openness did not moderate associations between delinquency of friends 
and delinquency of adolescents. Our findings show that low conscientiousness serves as a 
risk factor, increasing vulnerability to perceived delinquent behavior of friends, while high 
conscientiousness serves as protective factor, increasing resilience to perceived delinquent 
bhavior of friends. Our findings also show that adolescents are susceptible to, and differ 
in susceptibility to, friends’ delinquent behavior as they perceive it —not to delinquent 
behavior as reported by friends themselves.

Keywords: delinquent behavior, personality, peer socialization, diathesis-stress, differential 
susceptibility, adolescence
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Introduction

A large body of evidence suggests that adolescent delinquent behavior is strongly associated 
with delinquent behavior of friends (e.g. Dishion, McCord, & Poulin, 1999; Haynie & 
Osgood, 2005; Patterson, Dishion, & Yoerger, 2000; Regnerus 2002; Vitaro, Brendgen, & 
Tremblay, 2000). Yet not all adolescents with delinquent friends display delinquent behavior. 
In this study we examine which adolescents are more and less likely to be influenced by 
the delinquent behaviors of their friends, depending on their personality traits. Delinquent 
behavior is defined as “behavior that violates basic norms of the society, and, when officially 
known, evokes a judgment by agents of criminal justice that such norms have been violated” 
(Cloward & Ohlin, 1960, p. 3). If we would understand what factors make adolescents 
susceptible or resistant to their friends’ delinquent behaviors, intervention and prevention 
efforts could be targeted in a more informed way. 

Peer Socialization of Delinquent Behavior
When adolescents change their behavior by adopting their friends’ delinquency, peer 
socialization processes are at work. Peer socialization refers to the tendency for adolescents’ 
and their peers’ behavior and attitudes to become more similar over time (Kandel, 1978). 
Such socialization processes often occur outside of awareness; while adolescents may not 
intend to influence their peers, they engage in relationship behaviors that nevertheless direct 
the behaviors and attitudes of their peers towards their own. Peer socialization processes 
have been explained by social learning theories and identity-based theories (Brechwald & 
Prinstein, 2011). Whereas social learning theories emphasize social rewards for antisocial 
behavior (Bandura, 1973), identity-based theories stress internal rewards and forming a 
positive self-view (Leary & Baumeister 2000; Markus & Wurf, 1987). By conforming to 
peers’ behavior, adolescents engage in behaviors that are directly reinforced by peers, are 
associated with high peer status, match the social norms of a group, and contribute to a 
favorable self-identity (Brechwald & Prinstein, 2011). This holds true for both normative 
and delinquent behavior.

Models of Variation in Susceptibility to Peer Socialization of Delinquent Behavior
Still, not all adolescents join in with their friends’ delinquent behavior. The diathesis stress-
model can be used to explain variation in susceptibility to peer socialization of delinquent 
behavior. This model proposes that based on dispositional characteristics, some individuals 
are more vulnerable than others to environmental risk and negative socialization influences 
(Zuckerman, 1999). Some have dispositional characteristics that render them vulnerable 
to negative socialization influences, whereas others show resilience and remain relatively 
unaffected by these same socialization influences. Personality traits are important 
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dispositional characteristics that can explain variation in how people tend to respond to 
socialization influences (Buss, 1991; Denissen & Penke, 2008), yet they have scarcely been 
studied in relation to peer socialization of delinquent behavior. Our main aim is to study 
whether some adolescents are more susceptible than others to friends’ delinquent behavior 
—reflected in increases in their own delinquent behavior over time—, depending on their 
personality traits.

Personality Traits as Moderators of Susceptibility to Peer Socialization of 
Delinquent Behavior
We focus on the Big Five personality traits as moderators of susceptibility to peer 
socialization of delinquent behavior (Caspi & Shiner, 2006): Conscientiousness, emotional 
stability, agreeableness, extraversion, and openness. Especially conscientiousness, emotional 
stability, and agreeableness have been suggested as salient personality traits to delinquent 
behavior (Jones, Miller, & Lynam, 2011). 
 Conscientiousness involves orderliness and self-control in the pursuit of goals (Caspi 
& Shiner, 2006). Previous research has shown that dispositional characteristics related to 
conscientiousness strengthen peer socialization effects. Impulsive and less self-regulated 
adolescents, relative to less impulsive and self-regulated adolescents, were more vulnerable 
to the effects friends’ antisocial behavior on own antisocial behavior (Gardner, Dishion, 
& Connell, 2008; Goodnight, Bates, Newman, Dodge, & Pettit, 2006; Snyder et al., 2010). 
Further, friends’ delinquency was related more strongly to adolescent delinquency among 
adolescents with low flexibility and low task orientation, compared to more flexible and task-
oriented adolescents (Mrug, Madan, & Windle, 2012). In addition, scores on a “resistance to 
peer influence” measure have been found to correlate negatively with impulsivity (Stautz & 
Cooper, 2014). Adolescents low on conscientiousness seem less able to suppress dominant 
responses in favor of behavior that may have long-term value to them. This may make them 
relatively sensitive to immediate rewards and the pursuit of salient short-term goals, such 
as gaining peers’ approval (Bandura, 1973; Denissen & Penke, 2008). They might thus more 
easily adopt the behaviors for which they are reinforced, including undesirable behaviors 
such as delinquency. 
 However, not all studies have found support for conscientiousness or impulsivity as 
a moderator of susceptibility to friends’ delinquency. Two studies that examined slightly 
different personality constructs did not find moderation. One looked at the impulsive-
irresponsible dimension of psychopathic traits (Kerr, van Zalk, & Stattin, 2012) —which 
correlates moderately with lower levels of conscientiousness (Roose et al., 2012)—, and 
the other looked at the personality type of undercontrollers (Yu, Branje, Keijsers, Koot, & 
Meeus, 2013) —a group characterized by particularly low levels of conscientiousness. Also, 
two studies found results in the opposite direction. First, less impulsive children were more 
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susceptible to peer delinquency, although this study had relatively small sample size (N=89) 
compared to other studies examining traits related to conscientiousness as moderators 
(Vitulano, Fite, & Rathert, 2010). Second, in one study individuals high on effortful control, 
relative to those lower on effortful control, showed the strongest association between a 
substance use lifestyle during adolescence and later alcohol use (Piehler, Véronneau, & 
Dishion, 2012). However, individuals low on effortful control had relatively high levels of 
alcohol use life in general, even when they had been exposed to little substance use during 
adolescence. 
 Emotional stability entails the regulation of emotions and the tendency to experience 
distressing emotions (Caspi & Shiner, 2006). Research on peer socialization processes has 
examined dispositional levels of social anxiety and low positive moods (both related to 
low emotional stability) as moderators. They found that, compared to non-socially anxious 
adolescents, socially anxious adolescents were more likely to conform to antisocial behavior 
of peers (Cohen & Prinstein, 2006), and among adolescents with low positive moods, 
delinquency of friends was related more strongly to own delinquency than among more 
positive adolescents (Mrug et al., 2012). Emotionally unstable adolescents depend strongly 
on the approval of friends for establishing a positive self-view (Denissen & Penke, 2008; 
Leary & Baumeister, 2000), and might therefore be more inclined to conform to their friends’ 
behaviors and attitudes, including delinquency. In sum, we expect friends’ delinquent 
behavior will predict increased delinquent behavior, especially among adolescents low on 
conscientiousness and emotional stability. 
 As to agreeableness, clear predictions are difficult to make. Adolescents low on 
agreeableness have been found to be more likely to display delinquent behavior in response 
to harsh parenting (de Haan, Prinzie, & Deković, 2010), while highly agreeable adolescents 
were more inclined to adopt their peers’ drinking behavior (van Schoor, Bot, & Engels, 
2008). Agreeableness taps into individual differences in the tendency to cooperate, or to 
maintain harmonious relationships (Buss, 1991, Caspi & Shiner, 2006). When their friends 
act delinquent, agreeable adolescents might be inclined to cooperate with their delinquent 
friends, leading to increases in delinquent behavior. At the same time, such delinquent 
behavior is at odds with their need to have positive relationships with others. From this 
point of view, agreeable adolescents may be the ones least likely to adopt their friends’ 
delinquent behavior. Instead, adolescents low on agreeableness might be more likely to 
engage in delinquent behavior. Therefore, we do not assert hypotheses about the direction 
of moderation for agreeableness.
 Finally, concerning extraversion and openness, evidence of their moderating effects 
is less strong and more inconsistent. Studies looking at socialization by parents showed 
that children low on extraversion were more susceptible to harsh parenting predicting 
delinquency (de Haan et al., 2010), whereas women high on extraversion were more 
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susceptible to a disrupted family environment (Jolliffe, 2013). Also, those high on openness 
were more susceptible to harsh parenting and a disrupted family environment. We therefore 
include extraversion and openness in our study for exploratory reasons, examining whether 
these traits also moderate susceptibility to peer socialization of delinquent behavior. 

Comparing Susceptibility to Perceived and Self-reported Delinquent Behavior 
of Friends
When studying whether adolescents are influenced by their friends’ delinquent behavior, 
it is important to consider who reports on friends’ delinquent behavior. On the one hand, 
social influence results mainly from perceived social norms, rather than actual social norms 
(Brechwald & Prinstein, 2011; Prentice & Miller, 1996). On the other hand, adolescents 
oftentimes overestimate the frequency of their friends’ delinquent behaviors (Prinstein 
& Wang, 2005) as well as the similarity between their own delinquent behavior and their 
friends’ delinquent behavior (Kandel, 1996; Regnerus, 2002), leading to overestimation of 
the strength of this association. Studies using friends’ reports on their own delinquency 
sometimes failed to find that friend delinquency predicted adolescent delinquency (Poulin, 
Dishion, & Haas, 1999; de Kemp, Scholte, Overbeek, & Engels, 2006); others still found 
friend delinquency to predict adolescent delinquency (Haynie & Osgood, 2005; Vitaro et al., 
2000). However, studies rarely compare susceptibility to perceived delinquent behavior of 
friends with susceptibility to self-reported delinquent behavior of friends (but see Weerman 
& Smeenk, 2005; Meldrum & Boman, 2013). This constitutes our second aim. Susceptible 
adolescents, in seeking approval of friends, likely steer their own behavior based on their 
perceptions of how their friends behave. Thus, we expect (differences in) susceptibility to 
perceived delinquent behavior of friends to be stronger than (differences in) susceptibility 
to self-reported delinquent behavior of friends. 
 To summarize, we examine whether personality traits render some adolescents more 
susceptible to friends’ delinquent behavior than others. This longitudinal study extends 
current knowledge by examining for whom (depending on personality traits) and under 
which circumstances (perceived vs. self-reported delinquent behavior of friends) delinquent 
behavior of friends predicts changes in adolescent delinquent behavior. We expect those 
low on conscientiousness and emotional stability to be especially susceptible to delinquent 
behavior of friends. We also expect adolescents’ susceptibility to friends’ delinquent 
behavior to depend on their level of agreeableness. Finally, we expect adolescents to be 
more susceptible to, and vary more in susceptibility to, perceived delinquent behavior of 
friends than to self-reported delinquent behavior of friends.
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Methods

Participants and Procedure
Participants were 285 Dutch adolescents and their best friend from the Nijmegen Family 
and Personality Study (Haselager, Knippenberg & van Aken, 2014). Families for this study 
were recruited through lists of eligible families provided by a representative selection of 
23 municipalities throughout the Netherlands. Families were eligible if they were two-
parent families with two adolescent children. In the present study we focused on the oldest 
(i.e., middle adolescent) child within each family. Families gave informed consent and 
participated in two annual measurement waves, Time 1 (T1) and Time 2 (T2). In each 
wave, an interviewer visited the families at home and asked the mother, the father, and the 
participating adolescent to complete a questionnaire. Additionally, at T1 the interviewer 
asked each family member to invite their personal best friend to participate in the study. 
These friends were instructed to fill in the questionnaire and send it back by mail.
 Longitudinal attrition was nonexistent: both at T1 and at T2 285 families participated. 
At T1, 177 best friends of adolescents (62%) participated. Adolescents whose friends 
participated at T1 did not differ from adolescents whose friends did not participate with 
respect to age, parental educational level and most of the research variables. However, the 
two groups did differ on gender (χ2(1) = 16.89, p < .001, φ = .24), agreeableness (t(189) = 
2.18, p = .03, d = 0.27), conscientiousness (t(283) = 3.05, p = .002, d = 0.38) and delinquency 
at T1 (t(283) = -2.08, p = .04, d = -0.25). Adolescents whose friends participated were more 
likely to be female (60% vs. 35%), were more agreeable (Mfriends = 5.68, SD = 0.55 vs. Mno_

friends = 5.51, SD = 0.71) and conscientious (Mfriends = 4.26, SD = 1.22 vs. Mno_friends = 3.82, 
SD = 1.11), and less delinquent (Mfriends = 1.75, SD = 0.60 vs. Mno_friends = 1.90, SD = 0.62). 
Complete data were provided by 99% of the participating families at T1, by 97% at T2 and 
by 99% of the participating friends at T1. Missing data were handled in Mplus using the 
full-information-maximum-likelihood (FIML) method. 
 At T1 the adolescents (50% girls) were 15.5 years old on average (SD = 0.8 years). Their 
best friends (58% girls) were 15.1 years old on average (SD = 1.5 years). Most adolescents 
(99%) were born in the Netherlands, as were their best friends (97%). The families belonged 
primarily to the Dutch middle to upper-middle class. Parents varied in the highest level 
of education they had achieved at the time of the study: Higher vocational education or 
university (45% of fathers and 27% of mothers), intermediate vocational education (25% of 
fathers and 31% of mothers), or high school or lower vocational education (29% of fathers 
and 41% of mothers). 
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Measures
Delinquency
The Delinquency scale of The Nijmegen problem behaviour list (NPBL; Scholte, Vermulst, 
& de Bruyn, 2001) was used to obtain reports on adolescents’ and their best friends’ 
delinquency. The NPBL consists of items taken from the Child Behavior Checklist (CBCL; 
Achenbach, 1991), selected to represent problem behavior in a non-clinical setting. 
Adolescents rated their own delinquency (e.g. “I cheat others” “I do things that can get me 
into trouble with the law”) at T1 and T2, and their best friends’ delinquency at T1. Best 
friends also rated their own delinquency at T1. The scale consists of five items answered 
on a five-point scale ranging from 1 (does not apply to this person at all) to 5 (applies to this 
person very well), averaged to form a scale score. Cronbach’s αs for delinquency were .69 at 
T1 and .78  at T2 when adolescents reported about themselves, and .81 when adolescents 
reported about their best friend, and .70 when friends reported about themselves. 

Personality traits
Mothers and fathers judged the personality of their child at T1 using a short version (six 
items per scale) of the Big-Five personality markers (Goldberg, 1992). Parents rated the items 
along a seven-point Likert-scale ranging from 1 (very untrue of this person) to 7 (very true of 
this person), resulting in average scores for five personality dimensions. Conscientiousness 
measures the ability to control impulses as well as the degree to which the person is well-
organized, thorough, and goal-oriented (e.g. “meticulous”). Emotional stability assesses the 
regulation of emotions and the extent to which the person is emotionally stable or plagued 
by unpleasant experiences and distressing emotions (e.g. “nervous”). Agreeableness taps 
into the prosocial nature of the person and can range from warm and committed to others 
to antagonistic (e.g. “friendly”). Extraversion assesses the extent to which the person actively 
engages the world or avoids intense (social) experience (e.g. “talkative”). Openness measures 
the interest and willingness to try or consider new activities, ideas, and beliefs, along with 
the flexibility of information processing (e.g. “versatile”). Cronbach’s αs for the personality 
dimensions ranged from 0.79 to 0.91 for father reports about adolescent personality and 
from 0.85 to 0.94 for mother reports about adolescent personality. Correlations between 
mother and father reports ranged from .34 to .62 (ps < .001). We combined mother and 
father reports, resulting in a single score on each personality dimension. Parent reports 
constitute a valid source of information about adolescents’ personality: Whereas adolescents 
tend to judge personality in a more generalized and subjective manner, judging family 
members rather similarly, parents focus more on the individual characteristics of family 
members and base their judgments on this information (Branje, van Aken, van Lieshout, 
& Mathijssen, 2003).
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Analyses
Hierarchical regression analysis in Mplus 6.0 was used to test our hypotheses (Muthén & 
Muthén, 1998-2012). We used robust maximum likelihood estimation1 to obtain standard 
errors that are robust to non-normality (skewness = 0.83 and kurtosis = 0.48 for adolescent 
delinquency). Predictors were centered prior to computing interaction terms to reduce 
multicollinearity (Cohen, Cohen, West, & Aiken, 2003). To control for inflation of Type I 
error rates we applied a False Discovery Rate (FDR) procedure within each model, which 
takes into account the proportion of expected false positive results among a set of significant 
findings (Benjamini & Hochberg, 1995).
 For the first question, pertaining to differences in susceptibility to perceived delinquency 
of friends, we entered adolescent delinquency at T1 in Step 1. Thus, in subsequent models 
we effectively predicted rank-order changes in adolescent delinquency from T1 to T2. 
In Step 2 we added gender as a control variable, and perceived friend delinquency, and 
the three personality traits. In Step 3, we added interactions between friend delinquency 
and personality traits; these interactions were examined in five separate models (3a: 
conscientiousness, 3b: emotional stability, 3c: agreeableness, 3d: extraversion, 3e: openness). 
In addition to the predictive paths, all models estimated covariances among all predictors —a 
standard procedure for regression analysis. For the second question, pertaining to differences 
in susceptibility to self-reported delinquency of friends, we repeated all analyses replacing 
perceived delinquency of friends by self-reported delinquency of friends as a predictor. 
 Significant interactions were followed by estimating the relation between the predictor 
and the outcome at personality values plus, exactly at, or minus one SD from the sample 
mean (Cohen et al., 2003). We also calculated the region of significance, which defined the 
range of personality values for which friend delinquency significantly predicted adolescent 
delinquency (Preacher, Curran, & Bauer, 2006).

Results

Descriptive Results
Correlations between the research variables are displayed in Table 1. Adolescent 
delinquency displayed strong relative stability from T1 to T2. Adolescent delinquency also 
demonstrated mean level stability; it did not differ between T1 and T2 (paired-samples 
t-test: t(280) = -0.40, p = .69, d = -0.02). Friend delinquency correlated positively with 
adolescent delinquency, both concurrently and longitudinally. These associations were 
moderate in strength when they involved friends’ self-reported delinquent behavior, and 
strong when they involved perceived delinquent behavior of friends. Perceived and self-
reported delinquency of friends correlated moderately. 
1 We re-estimated our models using a bootstrap procedure with N = 1000 bootstrap resamples. This yielded 

essentially the same results. Results are available from the first author upon request.  
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In general, friends tended to ascribe slightly higher levels of delinquency to themselves 
than adolescents did to them (paired-samples t-tests: t(175) = 4.11, p < .001, d = 0.33). Most 
personality traits were weakly correlated with adolescent delinquency: More Agreeable and 
more Conscientious adolescents tended to report lower levels of delinquency, while the 
other traits were unrelated to adolescent delinquency. 

Susceptibility to Perceived Delinquent Behavior of Friends
Main effects of personality and delinquency
Adolescent delinquency was uniquely predicted by previous levels of delinquency, but not by 
gender (Table 2, Step 1 and 2). Moreover, perceived friend delinquency uniquely predicted 
rank-order changes in adolescent delinquency from T1 to T2. None of the personality traits 
predicted later delinquency. 

Moderation by personality traits
Next, we added interactions with personality traits to the model, one by one. 2 No significant 
interactions emerged of agreeableness, emotional stability, extraversion, or openness 
with friend delinquency (Table 2, Steps 3b, 3c, 3d, and 3e). Conscientiousness however, 
moderated the association between perceived friend delinquency and rank-order changes 
in adolescent delinquency (Table 2, Step 3a)3. Decomposition of the interaction indicated 
that perceived friend delinquency predicted stronger increase in adolescent delinquency 
at low and average levels of conscientiousness (β = 0.41, p < .001 and β = 0.26, p < .001, 
respectively), but not at high levels of conscientiousness (β = 0.12, p = .07) (see Figure 1). 

The positive association between perceived friend delinquency and rank-order increases in 
adolescent delinquency was significant at values of conscientiousness below M + 0.95SD.4 
The shaded area of Figure 1 represents the region of significance. Thus, among adolescents 
low or average on conscientiousness, perceived delinquent behavior of friends at T1 
predicted a stronger increase in adolescent delinquent behavior, making these adolescents 
seem especially susceptible to peer socialization of delinquent behavior. Adolescents high 
on conscientiousness appeared to be resilient to such socialization effects. 

2 To explore whether gender differences in moderating effects existed, we added two-way interactions 
involving gender in Step 4, and three-way interactions between gender, friend delinquency and personality 
traits in Step 5. No significant two- or three-way interactions appeared, indicating that variation in 
susceptibility to delinquent behaviors of friends due to personality traits is similar for boys and girls. Detailed 
results are available from the corresponding author upon request.

3 Results —in particular the interaction between perceived friend delinquency and conscientiousness —were 
essentially the same among the subsample of 177 adolescents whose friends participated in the study. 

4 We report only those region boundaries that also fall within the measured range of moderator, predictor, 
and outcome variables. 
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Table 2 Hierarchical Regressions Predicting Adolescent Delinquency at T2 using Personality Traits 
and Perceived Friend Delinquency at T1

Predictor B SE 95% CI β ΔR²

Step 1 Delinquency Adolescent T1 0.76 0.06 [0.64, 0.88] .66*** .44***

Step 2 Gender -0.09 0.06 [-0.21, 0.03] -.06 .06***

Perceived Delinquency Friend 0.29 0.05 [0.19, 0.40] .29***

Conscientiousness -0.06 0.03 [-0.11, -0.01] -.10*a

Emotional stability 0.01 0.03 [-0.06, 0.07] .01

Agreeableness -0.08 0.06 [-0.19, 0.02] -.07

Extraversion 0.00 0.03 [-0.05, 0.06] .01

Openness 0.05 0.04 [-0.02, 0.13] .07

Step 3a Conscientiousness * Perceived Delinquency Friend -0.13 0.03 [-0.19, -0.06] -.15*** .02**

Step 3b Emotional stability * Perceived Delinquency Friend -0.08 0.06 [-0.20, 0.04] -.06 .00

Step 3c Agreeableness * Perceived Delinquency Friend -0.03 0.07 [-0.16, 0.09] -.02 .00

Step 3d Extraversion * Perceived Delinquency Friend 0.03 0.05 [-0.06, 0.11] .02 .00

Step 3e Openness * Perceived Delinquency Friend -0.07 0.04 [-0.15, 0.01] -.06 .01

Note. Regression coefficients are coefficients upon first entry. T1 = Time 1; T2 = Time 2; N = 285. 
a the critical p-value for this path is .019 according to the FDR procedure, therefore this path is not significant.
† p < .10; * p < .05; ** p < .01; *** p < .001.

Table 3 Hierarchical Regressions Predicting Adolescent Delinquency at T2 using Personality Traits 
and Self-reported Friend Delinquency at T1

Predictor B SE 95% CI β ΔR²

Step 1 Delinquency Adolescent T1 0.76 0.06 [0.64, 0.88] .66*** .44***

Step 2 Gender -0.03 0.08 [-0.19, 0.13] -.03 .00

Self-reported Delinquency Friend 0.05 0.08 [-0.11, 0.20] .04

Conscientiousness -0.04 0.04 [-0.11, 0.03] -.07

Emotional stability 0.09 0.04 [0.01, 0.17] .11*a

Agreeableness -0.02 0.07 [-0.17, 0.12] -.02

Extraversion 0.01 0.04 [-0.07, 0.09] .01

Openness -0.01 0.05 [-0.11, 0.10] -.01

Step 3b Conscientiousness * Self-reported Delinquency Friend -0.01 0.05 [-0.11, 0.09] -.01 .00

Step 3c Emotional stability * Self-reported Delinquency Friend 0.06 0.08 [-0.09, 0.22] .05 .00

Step 3a Agreeableness * Self-reported Delinquency Friend 0.03 0.10 [-0.16, 0.22] .02 .00

Step 3d Extraversion * Self-reported Delinquency Friend -0.08 0.06 [-0.20, 0.04] -.07 .00

Step 3e Openness * Self-reported Delinquency Friend -0.05 0.06 [-0.18, 0.08] -.04 .00

Note. Regression coefficients are coefficients upon first entry. T1 = Time 1; T2 = Time 2; N = 176. 
a the critical p-value for this path is .013 according to the FDR procedure, therefore this path is not significant.
† p < .10; * p < .05; ** p < .01; *** p < .001.
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Figure 1. Simple slopes for the association between Perceived delinquency of friend at T1 and 
Adolescent delinquency at T2, computed at one standard deviation below the mean (low), the 
mean (average), and one standard deviation above the mean (high) of Conscientiousness. Shaded 
areas represent the range of moderator values for which the regression slopes are significant.

Susceptibility to Self-reported Delinquent Behavior of Friends
Main effects of personality and delinquency
After taking into account previous levels of adolescent delinquency, changes in adolescent 
delinquency were not predicted by gender, nor by friends’ self-reported delinquency or any 
of the personality traits (Table 3, Steps 1 and 2). 

Moderation by personality traits
Agreeableness, conscientiousness, emotional stability, extraversion, or openness did not 
moderate the associations between friends’ self-reported delinquency on the one hand, and 
changes in adolescent delinquency on the other hand: None of the interaction effects were 
significant, ΔR²s < .002, ps > .05 (Table 3, Step 3). Thus, adolescents did not differ in their 
susceptibility to friends’ self-reported delinquent behavior.

Discussion

We examined whether personality traits render some adolescents more susceptible to 
delinquent behavior of friends than others. Differences in susceptibility to peer socialization 
effects are especially salient during adolescence, when interactions with peers are frequent 
(Brown, 1990) and adolescents become increasingly concerned about the impressions they 
make on their peers (Steinberg & Silverberg, 1986; LaFontana & Cillessen, 2009). It is during 
this developmental phase that adolescents become more and more likely to change their 
behavior to conform to their peers. In short, we found that perceived delinquent behavior 
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of friends predicted stronger increases in adolescent delinquent behavior over a period of 
one year, especially among adolescents low or average on conscientiousness. While low 
conscientiousness seemed to strengthen peer socialization of delinquent behavior, high 
conscientiousness seemed to act as a buffer against such socialization effects. 
 These results are in line with previous studies that examined how peer socialization 
of delinquent behavior is moderated by traits related to conscientiousness (Gardner et 
al., 2008; Goodnight et al., 2006; Mrug et al., 2012; Snyder et al., 2010, cf. Vitulano et al., 
2010). Our results support a diathesis–stress model, whereby adolescents’ own disposition, 
in this case low conscientiousness exacerbates the negative socialization influences of 
friends showing delinquent behavior (Zuckerman, 1999). Less conscientious adolescents 
are relatively sensitive to short-term goals such as gaining peers approval and relatively 
insensitive to long-term goals such as finishing school (Caspi & Shiner, 2006). They might 
thus more easily adopt the behaviors for which they are reinforced by their delinquent 
peers. 
 The results are also in line with previous research showing that high effortful control 
(the temperament counterpart of conscientiousness (Caspi & Shiner, 2006)) promotes 
resilience in the face of peer deviance (Gardner et al., 2008). Presumably, adolescents high 
on effortful control or conscientiousness are less influenced by the potentially rewarding 
aspects of deviant peer interaction (see also Buck, Kretsch, & Harden, 2013). They may 
find it easier to stay focused on their long-term goals and are not easily distracted by 
potential short-term rewards that would undermine their long-term goals. Additionally, 
conscientiousness is associated with academic success (O’Connor & Paunonen, 2007) and 
more positive relationships with parents and teachers (Branje, van Lieshout, & van Aken, 
2004; Zee, Koomen, & van der Veen, 2013). These experiences of success and positive 
relationships may serve as alternative sources of positive feedback, status, and favorable self-
views for youth high on conscientiousness. Positive reinforcement of friends or obtaining 
status amongst peer for delinquent behavior may thus seem less salient to these adolescents. 
 In sum, low conscientiousness likely serves as a risk factor for developing delinquent 
behavior, strengthening the effects of perceiving friends as acting delinquent on one’s own 
delinquent behavior. High conscientiousness on the other hand serves as a buffer, making 
adolescents resilient to developing delinquent behavior, even when friends are perceived as 
acting delinquent. 
 Although the results pertaining to conscientiousness seem to support the diathesis-
stress model, an alternative way to explain variation in susceptibility to socialization is the 
differential susceptibility model. The differential susceptibility model postulates that people 
vary in their general susceptibility to socialization, with some being more strongly affected 
than others (Belsky, 1997, 2005; Belsky, Bakermans-Kranenburg, & van IJzendoorn, 2007; 
Ellis, Boyce, Belsky, Bakermans-Kranenburg, & van IJzendoorn, 2011). Specifically, those 
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individuals that are most vulnerable to negative socialization influences are thought to also 
profit most from positive socialization influences, a pattern labeled ‘for better and for worse’ 
(Belsky et al., 2007). Thus, the differential susceptibility model differs from the diathesis-
stress model, which emphasizes the disproportionate susceptibility to negative socialization 
influences only. Temperament- and personality traits (especially negative emotionality) 
have been suggested to mark differences in susceptibility (for a review, see Belsky & Pluess, 
2009). 
 That our results support a diathesis-stress model instead of a differential susceptibility 
model could be due to our focus on environments and outcomes spanning the negative 
end of the spectrum, i.e., from delinquency to the absence of delinquency. This limits the 
possibility to find that those adolescents who show the most adverse outcomes under harsh 
circumstances also flourish under supportive circumstances, like differential susceptibility 
would predict. Future research could extend these results by examining not only variation in 
susceptibility to negative peer socialization influences, but also to positive peer socialization 
influences. In addition, it should examine variation in not only negative developmental 
outcomes, but also positive developmental outcomes. This would be in line with a 
differential susceptibility model, which postulates that people vary in their susceptibility 
to both negative and positive socialization influences and their associated developmental 
outcomes (Ellis et al., 2011). 
 The association between perceived delinquent behavior of friends and adolescent 
delinquent behavior did not depend on emotional stability or agreeableness. It has been 
suggested that emotional stability may matter more for the development of aggression than 
for delinquency (de Haan et al., 2010). As to agreeableness, the results contrast with a study 
showing that highly agreeable adolescents, compared to less agreeable adolescents, were 
more likely to drink when they socialized in a high-drinking peer group (van Schoor et 
al., 2008). While the cooperative nature of highly agreeable adolescents (Buss, 1991; Caspi 
& Shiner, 2006) might persuade them to adopt their peers’ drinking behaviors, it does 
not seem to make them adopt their peers’ delinquent behaviors. In contrast to drinking, 
cooperating with friends’ delinquency also implies selfishness towards the victims of 
delinquency, which goes against agreeable individuals’ tendencies (Caspi & Shiner, 2006). 
As to the lack of moderation by extraversion and openness, these findings are consistent 
with a meta-analysis showing that these traits are the least salient to the development of 
delinquent behavior (Jones et al., 2011). 
 Finally, we compared susceptibility to perceived friend delinquency and self-reported 
friend delinquency and found that adolescents are susceptible to, and differ in susceptibility 
to, friends’ delinquent behavior as they perceive it —not to delinquent behavior as reported 
by friends themselves. These results are in line with our predictions and support the view 
that social influences seem to result mainly from perceived social norms, rather than actual 
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social norms (Brechwald & Prinstein, 2011; Prentice & Miller, 1996). These perceptions 
can influence individuals regardless of their correspondence to actual behavior. As an 
illustration, programs to reduce drug use succeeded because they changed adolescents’ 
perception of their peers’ norms regarding drug use (Cook, Anson, & Walchli, 1993), 
not because they increased resistance to peer pressure. An alternative explanation of our 
findings is that adolescents tend to attribute their own delinquent behaviors to their friends 
(Bauman & Ennett, 1996), creating the apparent association between own and friends’ 
delinquent behavior. In general, people who engage in a certain behavior themselves have 
been found to overestimate the prevalence of that behavior among others, which is known 
as the false-consensus effect (Marks & Miller, 1987). However, the longitudinal character 
of our study, in which perceived delinquency of friends predicted subsequent changes in 
adolescent delinquency, precludes the false-consensus effect. 
 Our findings did not depend on adolescent gender. This is in line with previous 
studies which found that regardless of their gender, more impulsive and less task-oriented 
adolescents were more susceptible to friend delinquency and less conscientious adolescents 
were more susceptible to overreactive parenting predicting delinquency (Goodnight et al., 
2006; Mrug et al., 2012; de Haan et al., 2010). Thus, both boys and girls exhibiting poor 
regulatory abilities seem to be especially susceptible to delinquent behavior of friends.
 Among the strengths of this study are its longitudinal design, and the multi-informant 
data. Adolescents’ personality was rated by their parents, friend-reported delinquency 
was rated by the friends, and delinquency and perceived friend delinquency were rated 
by the adolescent participants themselves. This allowed us to compare susceptibility to 
adolescent-reported (perceived) and friend-reported delinquent behavior. Moreover, these 
features allowed us to minimize informant bias and provide a more detailed picture as to 
the circumstances under which peer socialization effects take place. 
 Despite these strengths, three limitations should be noted. First, our study is limited 
by the fact that only 62% of the best friends provided data about themselves, reducing the 
sample size for analyses using friend-reported data. Moreover, the best friends who provided 
data were befriended to the more well-adjusted adolescents in our sample, who displayed 
relatively low levels of delinquent behavior themselves. These two issues may have limited the 
power to detect (differences in) susceptibility to friends’ self-reported delinquent behavior 
among these adolescents. However,  the results concerning perceived delinquency of friends 
were essentially similar among the 62% of adolescents whose friends participated in the 
study, compared to the entire sample of adolescents. Thus, differences between correlates 
of perceived and self-reported delinquency of friends likely do not reflect differences 
between the subset and the entire sample of adolescents, but rather reflect actual differences 
between correlates of perceived and self-reported delinquent behavior of friends. Second, 
most adolescents were born in the Netherlands and came from fairly high socioeconomic 
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status families. The results may thus be limited to Dutch middle to high socioeconomic 
status samples, and it remains to be seen whether they can be generalized to more at-risk 
or ethnically diverse samples. Third, the magnitude of the obtained moderation effect was 
small, although it was comparable to results of other studies examining temperament and 
personality as moderators of the effects of peer delinquency (e.g. Gardner et al. 2008; Mrug 
et al., 2012; Snyder at al., 2010). Interaction effects are notoriously difficult to detect in field 
studies (McClelland & Judd, 1993), and more precise measurement of the environment (i.e. 
delinquent behavior of friends) as well as oversampling extreme scores on the moderator 
(i.e. personality traits) might counter this issue. 
 In our study we used a variable-centered approach, to study how the Big Five personality 
traits moderate susceptibility of adolescents to delinquent behavior of their friends. Our 
approach can be complemented by a person-centered approach (Laursen & Hoff, 2006). 
Such an approach would allow examining how the configuration of personality traits within 
adolescents moderates their susceptibility to delinquent behavior of friends (see for an 
example Yu et al., 2013).  
 In conclusion, we studied how adolescents differ in susceptibility to delinquent behavior 
of friends depending on their personality. Adolescents low or average on conscientiousness 
seemed to be susceptible to perceived delinquent behavior of friends, predicting increases 
in their own delinquent behavior. Adolescents high on conscientiousness on the other 
hand, displayed resilience to perceived delinquent behavior of friends. Our findings 
indicate that for adolescents, having more delinquent friends does not necessarily predict 
more delinquent behavior; this depends on the personality of the adolescent, as well as on 
whether adolescents perceive their friends’ delinquent behavior.
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Abstract

In this longitudinal study we examined whether children differ in their susceptibility to harsh 
as well as responsive parenting as reflected in their externalizing and prosocial behavior two 
years later. We focused on three potential susceptibility markers assessed during middle 
childhood: Negative emotionality, impulsivity, and effortful control. Participants were 120 
Dutch children (6-11 years; 54% girls). Parenting was assessed using both observations 
and self-report questionnaires. Parental responsiveness predicted decreased externalizing 
behavior two years later among children high on impulsivity (in case of observed 
responsiveness) or low on effortful control (in case of observed as well as self-reported 
responsiveness), but not among children low on impulsivity or high on effortful control. 
Observed harsh parenting predicted decreased prosocial behavior, especially among 
children with average or high negative emotionality. The findings support a diathesis-stress 
model more than they do a differential susceptibility model. High impulsivity seemed to 
be a vulnerability factor, predicting increased externalizing behavior when parents lacked 
responsiveness. Also, high negative emotionality served as a vulnerability factor, predicting 
decreased prosocial behavior when parents were harsh, while low negative emotionality 
served as a protective factor, buffering against decreased prosocial behavior. Finally, 
low effortful control might operate as a vantage-sensitivity factor, predicting decreased 
externalizing behavior when parents were responsive. 

Keywords: parenting, temperament, middle childhood, differential susceptibility, diathesis-
stress
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Introduction

Parents often observe that “what works for one child doesn’t work for the other”. The idea 
that different children respond differently to the same parenting efforts has been voiced 
in both the dual-risk model (Sameroff, 1983) and the diathesis-stress model (Zuckerman, 
1999). These models state that some children are more ‘vulnerable’ to adverse parenting 
than others. Belsky (Belsky, 1997a, 1997b, 2005; Belsky, Bakermans-Kranenburg, & van 
IJzendoorn, 2007; Ellis, Boyce, Belsky, Bakermans-Kranenburg, & van IJzendoorn, 
2011) expanded the notion of vulnerability by proposing that not only are some children 
disproportionally affected by adverse parenting experiences, but also these same children 
disproportionally benefit from supportive parenting experiences; this idea is now known as 
the differential susceptibility hypothesis. 
 Early attempts to identify potential susceptibility markers called attention to negative 
emotionality or difficult temperament (Belsky, 1997b, 2005; Belsky, Hsieh, & Crnic, 1998). 
Children with a difficult temperament appeared to be more susceptible to parenting and 
other environmental influences (Belsky & Pluess, 2009; Pluess & Belsky, 2010a), yet some 
crucial questions remain. First, these studies indicate that not all parenting-by-child 
temperament interactions reflect a differential susceptibility pattern (see also Kiff, Lengua, 
& Zalewski, 2011). Instead, several support a diathesis-stress model. Second, temperament 
in these studies has usually been measured during infancy, and it is uncertain whether 
temperament also functions as a susceptibility marker later in childhood. Finally, difficult 
temperament is operationalized differently across studies and it remains unclear which 
aspects of temperament are markers for children’s susceptibility. In this study we investigate 
whether support for the differential susceptibility hypothesis or diathesis-stress model can 
be found in middle childhood, by examining several potential susceptibility markers.

Diathesis-stress and Differential Susceptibility
According to the diathesis-stress model some individuals possess characteristics that 
make them disproportionately vulnerable to stressors in their environment. When these 
predisposing ‘diatheses’ (e.g., a difficult temperament) are activated by a stressor, they can 
“transform the potential of predisposition into the presence of psychopathology” (Monroe 
& Simons, 1991, p. 406). The diathesis-stress model predicts that vulnerable children are 
adversely affected by harsh, low-quality parenting, whereas more resilient children remain 
relatively unaffected by these same parenting practices (Sameroff, 1983; Zuckerman, 1999). 
In harsh parenting environments, vulnerable children will function less optimally than 
resilient children, while in supportive environments, vulnerable and resilient children will 
differ little in their functioning. 
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 The differential susceptibility hypothesis is founded on evolutionary logic. According 
to this line of reasoning, early parenting experiences can prepare children for their future 
environment, in which they will have to survive and reproduce. This way, parenting can 
optimize children’s chances of survival and reproduction later in life. However, using 
childhood experiences to regulate adolescent and adult development only pays off when 
childhood environments are reliably related to adult environments (West-Eberhard, 2003; 
Pigliucci, 2001). Yet the future for which children are prepared is inherently uncertain. This 
means occasionally a developmental mismatch will occur, in which children are prepared 
for the “wrong” environment, diminishing their chances of survival and reproduction. 
Therefore, the differential susceptibility hypothesis poses that, as a form of bet-hedging 
against an uncertain future, natural selection would have shaped parents to bear children 
varying in susceptibility, with some children being more affected by the parenting they 
experience than others (Belsky, 1997a, 1997b, 2005). In this way, less susceptible children 
are protected from parenting that turns out to be ill-suited to their later environment, 
while more susceptible children benefit from parenting that proves to match their future 
environment. 
 The differential susceptibility hypothesis thus predicts that children differ in their 
general susceptibility to rearing. Moreover, the same children that are most vulnerable to 
harsh and low-quality parenting are thought to benefit most from warm and supportive 
parenting—they are susceptible “for better and for worse” (Belsky, 1997a, 1997b, 2005; Belsky 
et al., 2007). In harsh environments susceptible children will function less optimally than 
non-susceptible children (similar to diathesis-stress), while in supportive environments 
susceptible children will excel over non-susceptible children (unlike diathesis-stress). 
 These models —diathesis-stress and differential susceptibility— are partly overlapping, 
and selection of a restricted range of environments and outcomes (e.g., a harsh 
environment and problem behavior) renders them indiscernible. Only a focus on the full 
range of environments and outcomes, from negative (i.e., risk-promoting) to positive (i.e., 
development-enhancing), reveals the difference between these models. Yet most individual 
studies on parenting-by-temperament interactions do not meet this requirement: They 
focus on a restricted range of environments as well as on a restricted range of developmental 
outcomes, oftentimes emphasizing the negative end of the spectrum (Ellis et al., 2011). By 
focusing on the negative as well as the positive end of the spectrum, we can find out which 
of these models of parenting-by-temperament interactions is best supported by our data. 
Our first aim is to examine whether temperamentally susceptible children will be more 
affected by “negative” as well as “positive” parenting, as reflected in both “negative” and 
“positive” child behaviors. That is, we examine how parenting and child temperament 
interact in predicting externalizing behavior as well as prosocial behavior. Further, we 
examine interactions between harsh parenting and child temperament as well as between 
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responsive parenting and child temperament. Harsh parenting is characterized by coercive 
acts and negative emotion expressions, and comprises behaviors such as yelling, frequent 
negative commands, name calling, overt expressions of anger, and physical threats and 
aggression (Chang, Schwartz, Dodge, & McBride-Chang, 2003). Parental responsiveness 
is characterized by the presence of highly affective, positive engagement to the child and 
sensitive and contingent responses to the child’s needs (Landry, Smith, Swank, Assel, & 
Vellet, 2001). In sum, we aim to distinguish susceptibility from vulnerability effects. 

Differential Susceptibility in Middle Childhood
The differential susceptibility hypothesis was originally developed to explain susceptibility 
in early childhood, but has been suggested to extend across the lifespan (Ellis et al., 2011). 
Evidence supporting differential susceptibility has mainly been found in studies that have 
measured temperament during infancy and toddlerhood (Belsky & Pluess, 2009). To date, 
less is known about differential susceptibility later in childhood. We address this knowledge 
gap by examining differential susceptibility to parenting in middle childhood, among 
children aged 6 to 11. Amongst others, middle childhood is a developmental period when 
children enter a wider social world, show strong increases in cognitive abilities, and start to 
have more diverse and complex social interactions (Collins, Madsen, & Susman-Stillman, 
2002). 
 Six studies have addressed differential susceptibility among children whose temperament 
was measured during middle childhood, with mixed results. Harsh parenting predicted 
externalizing problems especially strongly among highly frustrated (Lengua, 2008), fearful 
(Colder, Lochman, & Wells, 1997), and impulsive children (Lengua, Wolchik, Sandler, & 
West, 2000), and also among children low on positive emotionality (Lengua et al., 2000), 
agreeableness and conscientiousness (de Haan, Prinzie, & Deković, 2010). In contrast, 
harsh parenting predicted lower levels of externalizing problems among highly self-
regulated and inhibited children, while it did not predict externalizing problems among 
children low on self-regulation and inhibition (Lengua, 2008; Leve, Kim, & Pears, 2005). 
These studies indicate diathesis-stress more than they do differential susceptibility: Those 
children most vulnerable to harsh parenting did not benefit most from parental acceptance 
and involvement. Only one study among school-aged children has found tentative support 
for differential susceptibility: highly impulsive children increased in externalizing problems 
when parenting was harsh, and decreased in externalizing problems when parenting was 
not harsh (Leve et al., 2005). 
 While some of these studies on differential susceptibility in middle childhood did 
measure positive, development-enhancing, aspects of parenting (Colder et al., 1997; 
Kiff, Lengua, & Bush, 2011; Lengua et al., 2000; Lengua, 2008), they failed to find any 
interactions between positive parenting and child temperament resembling a differential 
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susceptibility pattern. However, each of these studies focused on problem behaviors as an 
outcome. Perhaps positive parenting mainly interacts with child temperament in predicting 
positive outcomes, thus representing the “for better” side of the “for better and for worse” 
effects proposed by differential susceptibility (Belsky et al., 2007). Studies on differential 
susceptibility in middle childhood that cover negative (i.e., risk-promoting) as well as 
positive environments and outcomes are therefore needed.
 Additionally, individual differences in susceptibility, as well as the best markers we can 
use for them (e.g., temperament traits), might differ depending on age (Belsky & Pluess, 
2013b). Some argue that it is during the early years of life that human development is most 
susceptible to environmental influences, both harsh and supportive (e.g., Ganzel & Morris, 
2011). Developmental plasticity might be greatest when biological systems are being laid 
down. Indeed, much of the empirical support for differential susceptibility has been found 
in studies that measured temperament in infancy and toddlerhood (e.g., Bradley & Corwyn, 
2008; Dopkins Stright, Cranley Gallagher, & Kelley, 2008; Pitzer, Jennen-Steinmetz, Esser, 
Schmidt, & Laucht, 2011). On the other hand, one could argue that, while much support for 
differential susceptibility has been found in studies that measured temperament during the 
first three years of life, this is also the time when temperament is least stable, with test-retest 
correlations being lowest (Roberts & DelVecchio, 2000). After this temperament becomes 
much more stable and may therefore become a more reliable marker for differences 
in susceptibility (Kiff, Lengua, & Zalewski, 2011). Thus, a second aim of this study is to 
investigate temperament traits as markers of differential susceptibility in middle childhood.

Temperament Markers of Differences in Susceptibility
Temperament has been defined as “constitutionally based individual differences in 
reactivity and self-regulation, in the domains of affect, activity, and attention” (Rothbart 
& Bates, 2006, p. 100)1. Reactivity refers to the arousability of motor, affective, and sensory 
response systems (Rothbart & Bates, 2006) and includes reactivity at a behavioral level 
and reactivity at an emotional level. Emotionally reactive children have a strong tendency 
to display intense emotions, for instance negative emotions (negative emotionality). 
Behaviorally reactive children have the tendency to show strong behavioral reactions to their 
environment, for instance by being impulsive. Impulsivity entails spontaneous approach 
behavior and is defined as the speed of response initiation (Rothbart, Ahadi, Hershey, & 
Fisher, 2001). Impulsive children can let their behavior be guided by desires and potential 
rewards without thinking. Self-regulation refers to processes that modulate reactivity, such 
as effortful control. Effortful control entails children’s ability to inhibit a dominant response 
to perform a subdominant response (Rothbart & Bates, 2006). With development, children’s 
1 While we use Rothbart and Bates’ view on temperament, other views on temperament exist as well, in 

particular those of Buss and Plomin (1975), Fox and colleagues (2001), Goldsmith and Campos (1982), Kagan 
(1994), Strelau (1996), and Thomas and Chess (1977).
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growing effortful control increasingly modulates the effects of reactivity on overt behavior 
(Derryberry & Rothbart, 1997). By middle childhood then, children become increasingly 
capable of regulating their negative emotionality and impulsivity (Murphy, Eisenberg, 
Fabes, Shepard, & Guthrie, 1999). Thus, while effortful control may play a small role as 
susceptibility marker during infancy, it may play a more important role by middle childhood. 
 Studies that have found support for the differential susceptibility hypothesis frequently 
used a composite measure of difficult temperament (a combination of temperament 
traits) to mark differences in susceptibility (Bradley & Corwyn, 2008; Dopkins Stright 
et al., 2008; Mesman et al., 2009; Pitzer et al., 2011; Pluess & Belsky, 2010b; van Aken, 
Junger, Verhoeven, van Aken, & Deković, 2007). They found that infants with a difficult 
temperament, compared to infants with an easy temperament, showed higher levels of 
externalizing behaviors if raised by mothers who relied heavily on harsh control and who 
lacked sensitivity, and lower levels of externalizing behaviors when mothers were highly 
sensitive and showed little harsh control (Bradley & Corwyn, 2008; Mesman et al., 2009; 
Pitzer et al., 2011; van Aken et al., 2007). Further, children with difficult temperaments 
showed higher levels of social skills and academic adjustment than children with easier 
temperaments when parenting quality was high, and lower levels of adjustment when 
parenting quality was low (Dopkins Stright et al., 2008; Pluess & Belsky, 2010b). 
 Some studies examined specific traits and found children high on aspects of negative 
emotionality to be more susceptible to harsh and neglectful parenting: They showed lower 
levels of adjustment compared to their peers low on negative emotionality when parents 
were harsh, and higher levels of adjustment when parents were not harsh. This held true 
for fearful children in predicting depression (Colder et al., 1997) and rule compatibility 
(Kochanska, Aksan, & Joy, 2007), for anger-prone toddlers in predicting externalizing 
behaviors (Smeekens, Riksen-Walraven, & van Bakel, 2007), and for irritable infants in 
predicting sociability (Stupica, Sherman, & Cassidy, 2011). One study found children 
with high levels of impulsivity to be more susceptible to harsh discipline in developing 
externalizing problems (Leve et al., 2005). Finally, as to effortful control, studies reveal mixed 
results, with some showing children low on effortful control to respond more strongly to 
socialization influences (de Haan et al., 2010; Pitzer, et al., 2011; Poehlmann, 2011), and 
others showing children high on effortful control to respond more strongly (Halpern, 2001).
 In sum, previous studies have used a variety of temperament dimensions as susceptibility 
markers, although most studies did not compare several temperament dimensions in one study. 
Instead, many studies have used ‘difficult temperament’ in general as a susceptibility marker, 
combining several temperaments traits into a general ‘difficultness’ score. Consequently, it 
remains unclear which aspects of temperament are markers for children’s susceptibility. 
 Our third aim is to study three possible markers of susceptibility among school-age 
children: negative emotionality (to indicate emotional reactivity), impulsivity (to indicate 
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behavioral reactivity), and effortful control. These potential markers cover distinct aspects 
of temperament (Rothbart & Bates, 2006), and are well-established by middle childhood 
(Nigg, 2006; Roberts & DelVecchio, 2000). Negative emotionality, impulsivity, and low 
effortful control have been related directly to externalizing behavior, while low negative 
emotionality and high effortful control have been related to prosocial behavior (Rothbart & 
Bates, 2006; Sanson, Hemphill, & Smart, 2004). 
 Apart from predisposing children to developing externalizing or prosocial behaviors, 
these temperament traits may also render children especially susceptible to their 
environment, as has been suggested by previous studies on differential susceptibility 
(Belsky & Pluess, 2009). Children high on negative emotionality could be more susceptible 
because their temperament is thought to reflect a highly sensitive nervous system, on which 
experiences from the environment register especially strongly (Aron, Aron, & Jagiellowicz, 
2012; Ellis et al., 2011). Highly impulsive children could be more susceptible because 
they are relatively sensitive to immediate rewards, making them react to their parenting 
environment more strongly (Derryberry & Rothbart, 1997). Sensitivity to rewards is one 
of the potential mechanisms that is hypothesized to underlie differences in susceptibility 
(Belsky & Pluess, 2009; Ellis et al., 2011). Finally, children low on effortful control are less 
able to control their approach tendencies and the way they initially react to environmental 
stimuli (Derryberry & Rothbart, 1997; Rothbart & Bates, 2006), making them relatively 
sensitive to immediate rewards and the pursuit of short-term goals (MacDonald, 2008). 
This may make them more susceptible to their environment. Alternatively, children high 
on effortful control are better able to direct attention to information in the environment 
(Derryberry & Rothbart, 1997), facilitating a thorough processing of this information 
(Aron et al., 2012), which may make them more susceptible to their environment. 

The Current Study
In sum, we study differences in susceptibility to parenting among school-aged children, 
by focusing on three potential susceptibility markers: Negative emotionality, impulsivity, 
and effortful control. To distinguish differential susceptibility findings from diathesis-stress 
findings, we measure both positive and negative aspects of parenting and child behaviors. In 
line with both differential susceptibility and diathesis-stress, we expect harsh parenting will 
predict child externalizing behavior especially strongly among children higher on negative 
emotionality, impulsivity, and either higher or lower on effortful control. Further, as to the 
association between responsive parenting and prosocial behavior, we pit two competing 
hypotheses against each other. First, in line with differential susceptibility, we might expect 
that responsive parenting predicts prosocial behavior especially strongly among higher on 
negative emotionality, impulsivity, and either higher or lower on effortful control. Second, 
in line with diathesis-stress, we might expect that the association between responsive 
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parenting and prosocial behavior is similar regardless of children’s negative emotionality, 
impulsivity, and effortful control.
 Finally, in the wider child development literature, a significant body of research 
suggests that there are differential effects of parenting between boys and girls (e.g., Crick 
& Zahn-Waxler, 2003). Whether parenting also differentially affects susceptible boys 
versus susceptible girls is an open question, although some articles suggest this may be the 
case (e.g., Lengua, 2008; Leve et al., 2005; Ramchandani, van IJzendoorn, & Bakermans-
Kranenburg, 2010). On a purely theoretical basis, however, it would be surprising if the 
supposed fitness benefits of variation in susceptibility would apply only to males or only 
to females. For exploratory reasons, we tested gender as a moderator of differences in 
susceptibility to parenting in preliminary analyses. 

Method

Participants
Families were recruited via 4th or 5th grade children attending public elementary schools in 
the Netherlands. Children were told about the study and were given letters describing the 
study as well as consent forms to take home to their parents. Parents could return signed 
consent forms via post, or by having their children bring the forms to school. We invited 
parents and their child to participate. In total, 120 children, 116 mothers, and 91 fathers 
participated at Time 1 (T1). Two years later we followed up these families (T2). This time, 
85 children, 82 mothers, and 60 fathers took part in the study. 
 At T1, children (54% girls) were 8.17 years old on average (SD = 1.16, range 6-11). 
Mothers were 39.74 years old (SD = 3.81, range 28-47), and fathers 42.32 years old (SD 
= 4.72, range 32-54). The majority of mothers (91%) and fathers (95%) were married or 
cohabiting, and most mothers (98%) and fathers (96%) had a Dutch ethnicity. The annual 
family income was low (<€25,000,-) for 8% of families, moderate (€25,000,- to €65,000,-) 
for 60% of families, and high (>€65,000,-) for 32% of families. The respective percentages 
of mothers and fathers with various educational levels were as follows: high school (23%, 
19%), intermediate vocational education (20%, 12%), higher vocational education (30%, 
36%), and university (27%, 33%). 
 Families with complete data on study variables at T1 (78% of the 120 families that agreed 
to participate) and families with incomplete data (i.e., for whom a score on one or more 
study variables could not be calculated because all items used to measure that study variable 
were missing) did not differ on any of the background variables (age, gender, marital status 
or educational level). Similarly, families with complete data on study variables at T2 (71% 
of 120 families) and families with incomplete data generally did not differ on background 
variables or study variables at T2. The only exception concerned families with complete data 
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at T2 being more responsive towards children at T1 compared to families with incomplete 
data at T2, Mcomplete = 3.41 (SD = 0.44), Mmissing = 3.12 (SD = 0.42), t (85) = 2.88, p = .01, d 
= 0.67. Little’s MCAR test (1988) indicated that missing values were missing completely at 
random, χ²(37, N = 120) = 29.33, p = .81. To maximize sample size, we imputed missing 
values with the expected-maximization algorithm (Schafer & Graham, 2002).

Procedure
At T1, all families were visited twice in their homes by two trained masters’ students 
studying developmental psychology. Each student had participated in a 2-3 hour training 
during which the entire study protocol was rehearsed. The home visits were three days 
apart. The first home visit lasted on average 1.5 hours, and the second home visit lasted 
30 to 45 minutes. During the first home visit at T1, parents provided information on 
their children’s temperament and behavior as well as on their own parenting behavior by 
completing several questionnaires. 
 During the second home visit at T1 parents were observed in how they spontaneously 
interacted with their children. During this visit parents and children completed several 
research tasks (not relevant for this study). There were no structured parent-child 
interaction tasks; instead both observers paid attention to how parents interacted with their 
child during the entire time they were at the home. This included whether and how the 
parent introduced the child to the observer, how the parent and child interacted during 
the explanation of research tasks, whether the parent reprimanded the child for anything, 
and how parent and child interacted with each other before and after the research tasks. 
Immediately following the visit the two observers independently completed a questionnaire 
that assessed the quality of parent-child interactions. 
 Children received t-shirts for participating in the first wave of data collection. In 
addition, participating families were entered in a drawing in which a weekend vacation or 
dinner gift certificates were given as prizes. Two years later (T2) parents again filled out a 
mailed questionnaire concerning their children’s behavior.

Measures
Child Temperament
Parents reported on their children’s impulsivity using the 13-item Impulsivity scale from the 
Children’s Behavior Questionnaire (CBQ; Rothbart et al., 2001). The items (e.g. “Usually 
rushes into an activity without thinking about it”) were answered on a 7-point scale ranging 
from 1 (extremely untrue of your child) to 7 (extremely true of your child), with higher scores 
indicating higher impulsivity. Cronbach’s alphas were .80 for mothers and .83 for fathers. 
Children’s effortful control was measured using the 9-item Attentional Focusing scale (e.g. 
“When picking up toys or other jobs, usually keeps at the task until it’s done”) and the 13-
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item Inhibitory Control scale (e.g. “Can lower his/her voice when asked to do so”) of the 
CBQ. Negative emotionality was based on the 11-item Anger/Frustration scale (e.g. “Has 
temper tantrums when (s)he doesn’t gets what (s)he wants”) from the CBQ and the 8-item 
Negative Moods & Intensity scale (e.g. “My child’s emotions are usually more intense than 
those of other children”; Eisenberg et al., 1995). Responses to the latter were provided on 
a 7-point scale ranging from 1 (never) to 7 (always), with higher scores indicating more 
intense negative moods. Because effortful control and negative emotionality are each 
indicated by multiple scales, we created a composite score for these temperament dimensions 
following the strategy advised by Dishion, Patterson, Stoolmiller, and Skinner (1991). For 
both constructs, exploratory factor analysis indicated that scales could be combined into 
a composite score, with standardized factor loadings ranging from .82 to .86. Cronbach’s 
alphas of the combined effortful control scale were .86 for mothers and .84 for fathers. 
Cronbach’s alphas of the combined negative emotionality scale were .81 for mothers and .84 
for fathers. For all three temperament dimensions mother and father scores were combined 
into a single score (intercorrelations: .49 to .69, ps <.001)

Parenting behavior
To reduce shared method bias, we used observations of parenting made during the home 
visit as our main parenting measure. Parental display of responsiveness toward their children 
was observed by two trained, independent observers using two items from the HOME 
inventory (Bradley, Corwyn, McAdoo, & García Coll, 2001), describing responsiveness and 
affection on a 4-point scale (e.g. “To what extend did the parent display responsiveness 
to the needs of the child”; 1 = frequent display of behavior to 4 = absence of behavior). The 
observers were blind to the study’s hypotheses. During the training for the home visits, 
examples of parenting behaviors for each of the constructs were presented and discussed. 
Reliability between observers was not assessed prior to the home visits, and was only assessed 
afterwards instead. During the visit both observers assessed responsiveness, yielding two 
observations of maternal responsiveness and two of paternal responsiveness. In each case, 
the two items loaded on a single factor, for both observers’ reports, and for mothers as 
well as fathers (standardized factor loadings ranged from .89 to .94). Cronbach’s alphas for 
observations by observer 1 and observer 2 were .73 and .80 for mothers, and .73 and .85 
for fathers, respectively. As judged by intraclass correlations (ICC), interrater reliability was 
moderate for maternal responsiveness as well as paternal responsiveness (ICC’s = .50 and 
.55, respectively).2 We calculated a single responsiveness score by combining the scores 
2 During the visit, one researcher was responsible for administering research tasks to the child (inhibition 

tasks, helping and sharing tasks, and a self-concept interview, all not relevant for this article). The other 
observer was responsible for administering an olfactory recognition task to the parents. Thus, while both 
observers were present during the entire visit and paid attention to how parents interacted with their child 
during that time, they each had their own additional research responsibilities. This may have led to slight 
discrepancies in what was observed by the different observers, and contributed to the moderate ICC’s. 
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from the two observers about both parents (intercorrelations between mothers and fathers: 
.45 to .65, ps < .001). 
 Harsh parenting was observed using three items from the HOME inventory, describing 
restrictive, harsh, and power assertive behavior (e.g. “To what extend did the parent display 
restrictive or strict behavior towards the child”). The items loaded on a single factor, for 
both observers’ reports, and for mothers as well as fathers (standardized factor loadings 
ranged from .69 to .88). Cronbach’s alphas were .69 and .59 for mothers, and .76 and .77 
for fathers. Interrater reliability was moderate for both maternal harshness and paternal 
harshness (ICC’s = .48 and .66, respectively). We collapsed the scores into a single score 
(intercorrelations between mothers and fathers: .68 to .79, ps < .001).
 In addition to observations of parenting, we used self-reports of parenting to try and 
replicate the findings obtained using observations. To this end we focused on affection 
and harsh discipline. Parental affection was assessed using three items from the Nijmegen 
Parenting Questionnaire (e.g., “I often let my child know I love him/her”; Gerris et al., 
1992), adapted to a 7-pointscale (1 = not at all true 7 = very true). Cronbach’s alphas were 
.85 for mothers and .81 for fathers; we collapsed mothers’ and fathers’ scores into a single 
score. Observed parental responsiveness was positively associated with parent self-reports 
of affection towards their child (r = .25, p < .01). 
 Harsh discipline was assessed using four items from the Alabama Parenting 
Questionnaire (e.g., “You yell or scream at your child when he/she has done something 
wrong”; Shelton, Frick, & Wootton, 1996), adapted to a 7-pointscale (1 = not at all true 7 
= very true). Cronbach’s alphas were .66 for mothers and .59 for fathers; we collapsed the 
scores into a single score. Observed harsh parenting positively correlated with parental self-
reports of harsh discipline (r = .27, p < .01).

Child behavior
Parents reported on their children’s externalizing behaviors (e.g. “Often has temper tantrums 
or hot tempers”) and prosocial behaviors (e.g. “Considerate of other people’s feelings”) using 
two subscales of the Strengths and Difficulties Questionnaire (SDQ; Goodman, 2001). 
These subscales —conduct problems, and prosocial behavior— were administered both at 
T1 and T2. Each subscale consists of 5 items, measured on a 3-point scale (1 = not true to 
3 = definitely true). A scale score is generated by summing the item scores of each scale. 
Cronbach’s alphas for mother-reported externalizing behavior and prosocial behavior were 
.55 and .75 at T1 and .50 and .68 at T2. Cronbach’s alphas for father-reported externalizing 
behavior and prosocial behavior were .54 and .73 at T1 and .57 and .80 at T2. Mother and 
father scores were collapsed (intercorrelations at T1 and T2: .50 to .66, ps < .001). 
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Analyses
Hierarchical multiple regression analyses were performed using SPSS 22. We employed 
a bootstrap procedure (with n = 1000 bootstrap resamples) to obtain robust standard 
errors, given the relatively small sample size and the slight nonnormality of the outcome 
measures (skewness = 1.76 and -0.71 for externalizing behavior and prosocial behavior at 
T2, respectively, and kurtosis = 3.76, and -0.18; Davison & Hinkley, 1997).3 
 Two separate regressions were performed, using externalizing behavior at T2 and 
prosocial behavior at T2 as dependent variables. Predictors were centered prior to 
computing interaction terms (Cohen, Cohen, West, & Aiken, 2003). We entered control 
variables (the outcome variable at T1, gender and child age) in Step 1, followed by the two 
parenting behaviors and the three temperament dimensions in Step 2. In Step 3, we added 
interactions between parenting and each of the three temperament traits in three separate 
regressions (3a, 3b, and 3c). To replicate our results, we re-ran the regression analyses using 
self-report measures of parenting (affection and harsh discipline) instead of observed 
parenting. Significant interactions were followed by estimating the relation between the 
predictor and the outcome at temperament values plus, exactly at, or minus one SD from 
the sample mean (Cohen et al., 2003). 
 Furthermore, to demonstrate a differential susceptibility effect, susceptible children 
should do “worse” than their less susceptible counterparts when receiving little 
responsiveness and high levels of harsh parenting from their parents, and “better” when 
receiving high levels of responsiveness and little harsh parenting. To examine this in more 
detail, we calculated the region of significance with respect to the predictor (i.e., parenting) 
in case of a significant interaction (Preacher, Curran, & Bauwer, 2006; Roisman et al., 2012). 
This region identifies the range of predictor values for which regression lines estimated at 
different temperament values (or more precisely, point estimates on these lines) significantly 
differ from each other. When differential susceptibility is warranted, these lines should 
differ significantly both at low values (M -2 SD) of the predictor (“for worse”) and at high 
values (M + 2 SD) of the predictor (“for better”). This distance of 2 SD from the mean of 
parenting is suggested as the range of interest for evaluating differential susceptibility effects 
(Roisman et al., 2012). If diathesis-stress is warranted, these lines should differ only at the 
“for worse” side of the predictor (i.e., low levels of responsive parenting and high levels of 
harsh parenting). 
 In addition, we examined child gender as a moderator of all hypothesized effects in a 
series of preliminary analyses. These interactions were primarily nonsignificant (41 of 42 
interactions) and dismissed from further consideration.

3 The distribution of externalizing behavior was also slightly censored from below, whereas the distribution of 
prosocial behavior was slightly censored from above. Therefore we reran all our analyses using an alternative 
estimation method: Tobit regression for censored distributions in Mplus 6.0 (Long, 1997; Muthén & Muthén, 
2010). Results obtained through these analyses were the same. 
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Results

Descriptive statistics and correlations are presented in Table 1. Parental responsiveness was 
related to higher levels of prosocial behavior, while harshness was related to higher levels 
of externalizing behavior. The results of the hierarchical regression analyses are presented 
in Table 2. 

Main Effects of Temperament and Parenting
Child behavior at T1 significantly predicted child behavior at T2, indicating that children’s 
externalizing behavior and prosocial behavior were characterized by high relative stability 
(Step 1). Child gender and age did not predict any of the child behaviors. In Step 2 of the analyses, 
harsh parenting predicted children’s prosocial behavior, but not their externalizing behavior. 
Children whose parents displayed more harsh parenting decreased in prosocial behavior. 
No main effects of parental responsiveness or of children’s temperament traits were found. 

Moderation of Observed Parenting by Temperament
Interactions involving the three temperament traits were examined next. Specifically, 
interactions involving impulsivity, effortful control and negative emotionality were added 
separately, in steps 3a, 3b, and 3c, respectively. Both impulsivity and effortful control 
interacted with responsiveness in predicting externalizing behavior. Negative emotionality 
interacted with harshness in predicting prosocial behavior.

Probing Significant Interactions
Following the significant interactions, we examined simple slopes. As illustrated in Figure 
1a and 1b, among children high on impulsivity and low on effortful control, more parental 
responsiveness predicted decreased externalizing problem behavior (β = .11, p = .03 and β 
= -.16, p = .03 respectively). In contrast, for those low on impulsivity or high on effortful 
control, parental responsiveness was not related to externalizing behavior (β = -.17, p = .16 
and β = .10, p = .19 respectively). Similarly, for those with average impulsivity or effortful 
control parental responsiveness was not related to externalizing behavior (β = -.03, p = .52 
and β = -.03, p = .51 respectively). Thus, parental responsiveness was associated with less 
externalizing behavior only among children with high impulsivity or low effortful control. 
As displayed in Figure 2, for children scoring low on negative emotionality harsh parenting 
did not predict prosocial behavior, (β = .07, p = .48), while for children with average or high 
negative emotionality harsh parenting predicted decreased prosocial behavior (β = -.13, p 
= .04 and β = -.33, p < .001, respectively). Thus, harsh parenting predicted less prosocial 
behavior among children with average or high levels of negative emotionality.
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Figure 1. Linear relation between responsive parenting and externalizing behavior, computed at one 
standard deviation below the mean (low), the mean (average), and one standard deviation above 
the mean (high) of impulsivity (A) and effortful control (B). Vertical lines in each plot indicate the 
predictor values at which differences among (point estimates on) slopes for different temperament 
values become significant, with the arrow denoting the side of the line to which differences among 
slopes are significant.
* p < .05

Next, we examined whether children high on impulsivity or low on effortful control 
would be susceptible to both the detrimental effects of low levels of responsiveness and the 
beneficial effects of high levels of responsiveness (Figure 1). We did the same for children 
high on negative emotionality with respect to high and low levels of harsh parenting (Figure 
2). To this end we calculated regions of significance for responsiveness and harsh parenting 
(see Preacher et al, 2006). Vertical lines in each plot indicate the region of significance for 
parenting. We report only those region boundaries that fall within the measured range of 
temperament, parenting, and outcome variables. 
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Figure 2. Linear relation between harsh parenting and prosocial behavior, computed at one standard 
deviation below the mean (low), the mean (average), and one standard deviation above the mean 
(high) of negative emotionality. Vertical lines in each plot indicate the predictor values at which 
differences among (point estimates on) slopes for different temperament values become significant, 
with the arrow denoting the side of the line to which differences among slopes are significant.
* p < .05

The association between impulsivity and externalizing behavior was significant at values 
of responsiveness lower than the mean. At low values of responsiveness, highly impulsive 
children displayed higher levels of externalizing behavior compared to less impulsive 
children, whereas at high values of responsiveness, children displayed similar levels of 
externalizing behavior regardless of their level of impulsivity (Figure 1a). 
 The association between effortful control and externalizing behavior was significant at 
values of responsiveness lower than M – 5.30 SD and higher than M + 0.30 SD. At extremely 
low values of responsiveness, children low on effortful control displayed higher levels of 
externalizing behavior compared to children high on effortful control. At high values of 
responsiveness, children low on effortful control displayed lower levels of externalizing 
behavior compared to children high on effortful control (Figure 1b). Though the lower 
bound of this region of significance (M – 5.30 SD) falls within the theoretical range of our 
responsiveness measure, it does not fall within the observed range of responsiveness, nor 
within the suggested range of interest for evaluating differential susceptibility effects: 2 SD 
from the mean of parenting. Therefore, children low on effortful control do not appear to be 
more susceptible to both low and high levels of responsiveness, compared to children high 
on effortful control. Instead, children low on effortful control appear more sensitive to high 
levels of responsiveness only. 
 Finally, the association between negative emotionality and prosocial behavior was 
significant at values of harsh parenting higher than M + 0.71 SD. Thus, at high values 
of harsh parenting, children higher on negative emotionality displayed lower levels of 
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prosocial behavior, whereas at low values of harsh parenting, children displayed similar 
levels of prosocial behavior regardless of their level of negative emotionality (Figure 2).

Moderation of Self-reported Parenting by Temperament
To replicate these results, regression analyses were repeated using questionnaire measures 
of parenting. The results show that the effortful control-by-responsiveness interaction 
predicting externalizing behavior was replicated (B = 0.41, SE = 0.18, p = .02, β = .17, 
95 % CI = [0.08, 0.78]), while the impulsivity-by-responsiveness interaction predicting 
externalizing behavior was not (B = 0.05, SE = 0.15, p = .72, β = .02, 95 % CI = [-0.26, 
0.31]). For the negative emotionality-by-harsh parenting interaction predicting prosocial 
behavior, coefficients were in the expected direction and of similar magnitude, although 
the interaction was no longer significant (B = -0.41, SE = 0.29, p = .11, β = -.10, 95 % CI = 
[-1.02, 0.14]). 

Discussion

We examined whether children differ in their susceptibility to harsh as well as responsive 
parenting, depending on three potential susceptibility markers assessed during middle 
childhood: Impulsivity, negative emotionality, and effortful control. We found that observed 
parental responsiveness predicted lower levels of externalizing behavior among children 
high on impulsivity and low on effortful control. Observed harsh parenting predicted 
lower levels of prosocial behavior, especially among children with average or high negative 
emotionality. 
 These findings support a diathesis-stress model (Sameroff, 1983; Zuckerman, 1999) 
more than they do a differential susceptibility model. Like many previous studies among 
older children (e.g., Colder et al., 1997; Kiff, Lengua, & Bush, 2011; Prinzie et al., 2003), 
we found mainly “for worse” effects instead of “for better and for worse” effects —despite 
the focus on the positive end of the spectrum that was present in our study, and that is 
necessary to be able to distinguish differential susceptibility from diathesis-stress. We 
found that children high on impulsivity were especially vulnerable to a lack of observed 
parental responsiveness. These children, compared to their less vulnerable peers, showed 
the highest levels of externalizing behavior when parents lacked responsiveness, but they 
did not display the lowest levels of externalizing behavior and the highest levels of prosocial 
behavior when parents were highly responsive —thus lacking “for better” effects. Likewise, 
children higher on negative emotionality were especially vulnerable to harsh parenting, 
displaying lower levels of prosocial behavior in response. These children showed the lowest 
levels of prosocial behavior when parents were harsh, but they did not display the highest 
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levels of prosocial behavior and the lowest levels of externalizing behavior when parents 
were not harsh. These results do not indicate any “for better” effects where those children 
most vulnerable to harsh parenting profited most from responsive parenting. 
 A recent review on parenting-by-child temperament interactions already suggested that 
“the bulk of interaction findings are consistent with a diathesis-stress model for person-by-
environment interactions” (Kiff, Lengua, & Zalewski, 2011, p. 269). Such is true for our study 
as well, despite the inclusion of both negative (risk-promoting) and positive (development-
enhancing) environments and outcomes. High impulsivity might be a risk factor for 
developing externalizing behavior in the context of unresponsive parenting, although this 
finding should be interpreted with some caution, as it was not replicated using self-reported 
parenting. Also, negative emotionality might serve as a risk factor for decreased prosocial 
behavior in the context of harsh parenting, while low negative emotionality might serve as 
a protective factor, buffering a decrease in prosocial behavior when parenting is harsh. 

Considering Age in Studying Differential Susceptibility
That we did not find differential susceptibility effects might be because such effects have 
been found mainly among children whose temperament was measured during infancy or 
toddlerhood (Belsky & Pluess, 2009). When differential susceptibility is studied among older 
children, diathesis-stress effects are frequently obtained (e.g. Lengua, 2008; Kiff, Lengua, 
& Bush, 2011). This discrepancy between studies measuring temperament during infancy 
and studies measuring temperament later in life may be because temperament, although 
fairly stable, continues to develop during life (Janson & Mathiesen, 2008), being shaped 
by postnatal experiences (e.g., Blandon, Calkins, Keane, & O’Brian, 2010). When children 
are older, their temperament might therefore have changed compared to how it was during 
infancy (Roberts & DelVecchio, 2000). For instance, a negatively reactive temperament 
during infancy may indicate a general susceptibility to parenting (Belsky & Pluess, 2009; 
Ellis et al., 2011). However, if usually exposed to a supportive environment, this negatively 
reactive temperament might become less pronounced over the years (Blandon et al., 2010). 
If usually exposed to a harsh environment, this negatively reactive temperament might 
become more pronounced (Kiff, Lengua, & Zalewski, 2011), to the point where it becomes 
very hard for negatively reactive children to profit from supportive experiences so strongly 
that they excel over their less reactive peers. 
 Postnatal programming of prenatal susceptibility might thus continue during childhood 
as an adaptive process (Pluess & Belsky, 2011), fine-tuning the temperament of susceptible 
children to their (parenting) environment (see also Hall & Perona, 2012). This raises the 
issue of whether impulsivity, effortful control, and negative emotionality, despite being 
valid aspects of temperament, are susceptibility markers when measured at older ages (Kiff, 
Lengua, & Zalewski, 2011; Nigg, 2006). Studies examining these temperament traits as 
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susceptibility markers at several ages (e.g. infancy, toddlerhood, middle childhood) should 
be conducted to examine this possibility.
 In addition, other traits could be studied as potential susceptibility markers later in 
childhood. For instance, our study suggested that negative emotionality later in life may 
no longer map onto increased susceptibility to both harsh and supportive environments. 
In contrast, during infancy negative emotionality may sometimes reflect an experience-
induced reaction to overstimulation by the environment. For those children for whom this 
is the case, it may not be their negative emotionality per se, but a highly sensitive nervous 
system that gives rise to negative emotionality early in life, which makes them susceptible 
to both harsh and supportive environments (Aron & Aron, 1997; Aron et al., 2012; Ellis et 
al., 2011). While their negative emotionality may decrease as they get older, their highly 
sensitive nervous system and its associated personality trait of sensory processing sensitivity 
may remain. Studies examining sensory processing sensitivity as a potential susceptibility 
marker later in childhood would be valuable in exploring this (Pluess et al., 2016; Pluess & 
Boniwell, 2015).

Observations and Questionnaires
Importantly, parenting-by-temperament interactions were mostly found using observed 
measures of parenting, and fewer interactions emerged when using parental self-reports. 
Two explanations can be provided for this discrepancy. First, our findings are in line with 
meta-analyses on person-by-environment interactions, which have shown that studies 
using observation measures of the environment were more likely to find significant person-
by-environment interactions than studies using self-reported questionnaire measures 
of the environment (Uher & McGuffin, 2010; Karg, Burmeister, Shedden, & Sen, 2011). 
Arguably, self-reported measures of parenting can take into account parenting across many 
contexts and over time. But they are also prone to biases, which can make them less reliable 
and more influenced by subjective states, including current mood and social desirability 
(Schwarz, 1999). What parents report as their parenting practices and what they actually 
do in real interactions with their children may not always correspond. Second, apart from 
the notion that observation and questionnaire measures may tap into different aspects of 
parenting, the reliability of our observed parenting measure was not optimal. This may 
also explain why some of the parenting-by-temperament interactions were replicated using 
questionnaire measures of parenting, and some were not. Therefore, our findings should be 
replicated in future studies using robust questionnaire as well as observation measures of 
parenting.
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Vantage Sensitivity
As to effortful control, children low on effortful control —compared to other children— 
seemed to benefit the most from responsive parenting, in that it predicted decreased 
externalizing problems. This was true both for both observations of responsive, affectionate 
parenting, and self-reports of warm parenting. Notably, children low on effortful control 
were “low” only in a relative sense: A score of 1 SD below the sample mean on effortful 
control (i. e., 4.03) was still slightly higher than the neutral midpoint of the scale (i. e., 
3.50). That is, in absolute terms, relatively low effortful control in our sample still reflected 
moderate levels of effortful control. Possibly, among children with moderate levels of 
effortful control, highly responsive parenting can support children’s regulation of their 
behaviors and emotions (Belsky, Pasco Fearon, & Bell, 2007; Chang, Olson, Sameroff, & 
Sexton, 2011), to the extent that it may contribute to lower levels of externalizing behaviors 
(Kochanska, Barry, Jimenez, Hollatz, & Woodard, 2009). This pattern seems most consistent 
with a recently developed vantage sensitivity hypothesis (Pluess & Belsky, 2013). Whereas 
the differential susceptibility hypothesis highlights the disproportionate susceptibility to 
both supportive and harsh environments in the same individuals, the vantage sensitivity 
hypothesis, emphasizes individual differences in the tendency to benefit from supportive 
features of the environment only. These results suggest effortful control could operate as a 
vantage-sensitivity factor, where children with moderate levels of effortful control seem to 
benefit most from highly responsive parenting, showing the lowest levels of externalizing 
behavior.

Strengths and Limitations
Among the strengths of this study are its longitudinal design and the availability of data 
from both mothers and fathers, which we aggregated to obtain more robust parenting 
measures. Also, we used observational measures of parenting which reduces shared method 
bias, as well as questionnaire measures of parenting to conceptually replicate our findings. 
Further, we examined both positive and negative parenting and child behaviors, allowing 
us to examine “for better and for worse” effects. Finally, we chose to compare several 
temperament traits as potential susceptibility markers.
 Despite these strengths, three limitations of this study have to be acknowledged. First, 
the sample was fairly high-functioning, and “harsh parenting” may not have reflected 
extremely adverse rearing circumstances among these families. The results may thus 
be limited to high-functioning samples, and it remains to be seen whether they can be 
generalized to more at-risk or diverse samples. Second, the reliability for externalizing 
behaviors was relatively low. Third, our measure of the environment was limited and may not 
have adequately captured the full range of responsive and harsh behaviors parents normally 
display to their children. Several issues contribute to this limitation. To start, parents were 
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observed for a short period of time on a limited set of behaviors. Observers were carrying 
out other research tasks during the home visits as well, which may have affected their ability 
to observe harsh and responsive parenting behavior. Furthermore, because the parenting 
observations were not structured, variability in what the observers have experienced 
likely exists. Future research should try to replicate these results using observations of 
multiple dimensions of the parenting behaviors of interest and on multiple occasions, and 
using structured observations. Also, the parenting constructs we examined, harshness 
and responsiveness, were fairly broad. Examining a greater number of and more specific 
parenting behaviors would allow us to draw more nuanced and more definite conclusions 
regarding the relations between parenting and child outcomes for children with various 
temperaments. One interesting possibility, for instance, would be to distinguish between 
average levels of a parenting behavior across time, and variability or unpredictability in 
that parenting behavior (Ellis, Figueredo, Brumbach, & Schlomer, 2009). In addition, 
future research could examine the different impact mothers and fathers may have on the 
development of their children’s adjustment. A final remark about the parenting measures is 
that the reliability of the observed parenting measures was moderate. As an extra validation 
of our results we reran our analyses using questionnaire measures of parenting, which 
partly replicated the results obtained using the observed measures of parenting. Future 
studies should ensure a higher reliability among observers of parenting behaviors. 
 In sum, in this study we found that parental responsiveness predicted lower levels of 
externalizing behavior especially strongly among children high on impulsivity (in case 
of observed responsiveness) and low on effortful control (in case of observed and self-
reported responsiveness). Harsh parenting predicted lower levels of prosocial behavior, 
especially among children with average or high negative emotionality. High impulsivity 
and negative emotionality operated as vulnerability factors among children in middle 
childhood, while low negative emotionality operated as a protective factor, supporting a 
diathesis-stress model rather than a differential susceptibility model. Low effortful control 
appeared to operate as a vantage-sensitivity factor. These findings raise important questions 
about differential susceptibility and its development over time.
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Abstract

Objective: In this study we examined whether parents are differentially susceptible to 
support from their spouse and adolescent child depending on their personality traits, and 
whether differences in susceptibility to support among parents, in turn are linked to the 
quality of support parents give to their children. 

Method: Participants in this three-wave longitudinal study were 288 two-parent Dutch 
families with an adolescent child. Fathers were on average 43.9 years old (SD = 3.7 years), 
mothers were 41.7 years old (SD = 3.3 years), and adolescents (50% girls) 14.5 years old (SD 
= 0.8 years). 

Results: We found that the association between support from children towards their 
parents and subsequent support from parents towards their children was more pronounced 
for parents high on openness, for better and for worse. Extraversion, agreeableness, 
conscientiousness, and emotional stability did not emerge as markers of differences in 
susceptibility. Also, parents did not differ in their susceptibility to support from their spouse, 
nor were differences in susceptibility found a year later when using data from a third wave. 

Conclusion: We found very modest support for differential susceptibility, only for openness, 
and depending on the source of perceived support and on the timing of measurement. 

Keywords: differential susceptibility, personality, relationships, support, adolescence
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Introduction 

Understanding variation in how people respond to their environment is pivotal for promoting 
their social and psychological adjustment (Eisenberg, Fabes, Guthrie, & Reiser, 2000; Luthar, 
2006). Individual differences in how people tend to respond to their environment, for a 
substantial part can be ascribed to differences in their personality (Buss, 1991; Denissen & 
Penke, 2008a). For instance, people high on neuroticism have been found to react especially 
negatively to harsh and stressful experiences (Denissen & Penke, 2008b; Zuckerman, 1999), 
while people high on extraversion have been found to react especially positively to positive, 
rewarding experiences (Larsen & Ketelaar, 1989; Magnus, Diener, Fujita, & Pavot, 1993). 
But are there people that react more strongly to both positive and negative experiences? The 
very characteristics that make people disproportionately vulnerable to negative experiences 
might also make them disproportionately likely to benefit from contextual support, and 
vice versa (Belsky, Bakermans-Kranenburg, & van IJzendoorn, 2007). If true, this would 
demand relabeling individuals not as “vulnerable to harsh circumstances”, or as “likely to 
benefit from supportive circumstances”, but as susceptible to both harsh and supportive 
circumstances. The differential susceptibility hypothesis suggests exactly this. 
 The differential susceptibility hypothesis asserts that people differ in their general 
susceptibility to environmental influences and their associated developmental consequences 
(Belsky, 2005). The same individuals who are most vulnerable to harsh, negative environments 
are thought to benefit most from supportive, positive environments (“for better and for 
worse”) (Belsky et al., 2007). The differential susceptibility hypothesis differs from the 
traditional diathesis-stress model (Zuckerman, 1999): Whereas the latter emphasizes 
the disproportionate vulnerability to negative environments of some individuals, the 
former highlights the disproportionate susceptibility to both the negative effects of harsh 
environments and the beneficial effects of supportive environments in the same individuals. 
 The differential susceptibility hypothesis has been examined mainly among children 
(for a review, see Belsky & Pluess, 2009). The results suggest that children higher on negative 
emotionality (a temperament trait related to the personality trait of low emotional stability) 
are more susceptible to parenting. A study examining the Big Five personality traits as 
possible susceptibility markers showed less extraverted, agreeable and conscientious 
adolescents, and more open adolescents to be more susceptible to parents’ overreactivity (de 
Haan, Prinzie, & Deković, 2010). Although originally developed to explain susceptibility 
in childhood, the differential susceptibility hypothesis has been suggested to extend to 
adulthood (Ellis, Boyce, Belsky, Bakermans-Kranenburg, & van IJzendoorn, 2011). To 
date, little is known about differential susceptibility during adulthood. We address this 
knowledge gap by examining differential susceptibility among parents, depending on their 
personality. 
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Differential Susceptibility among Adults
Only two studies to date have looked at personality characteristics as possible markers of 
susceptibility among adults. These studies suggest that, based on their personality, parents 
differ in how susceptible they are to the quality of the relationship with their spouse and 
in how vulnerable they are to their children’s anger. First, mothers high on negative affect 
(a trait similar to low emotional stability) and fathers high on constraint (defined by the 
authors as rigidity, traditionalism, and inhibition) were more susceptible to the quality 
of their marital relation (Jessee et al., 2010). A higher marital quality predicted increases 
in sensitivity towards infants among these parents and a lower marital quality predicted 
decreases in sensitivity towards infants. When parents scored low on negative affect and 
constraint, this association did not appear. Second, mothers low on optimism and fathers 
low on openness were more vulnerable to child anger, with higher levels of child anger 
predicting less positive parenting (Koenig, Barry, & Kochanska, 2010). When parents 
scored high on optimism and openness, this association did not appear. Extraversion, 
agreeableness, conscientiousness and neuroticism did not moderate the association 
between child anger and positive parenting. 
 These two studies have focused on young parents of infants and toddlers (Jessee et al., 
2010; Koenig et al., 2010). We extend this line of research by examining whether differences 
in susceptibility can also be found among middle-aged parents, who are adjusting to 
new adult roles as their children transition to adolescence (van Aken, Denissen, Branje, 
Dubas, & Goossens, 2006). In this particularly challenging period of family life, parents’ 
relationship with their child is undergoing strong changes. For example, adolescents exert 
increasing influence over the relationship with their parents (Denissen, van Aken, & Dubas, 
2009), resulting in a more mutual and less hierarchical relationship (Russell, Pettit, & Mize, 
1998). Parent-adolescent conflict increases, whereas warmth and involvement, physical 
punishment, and parental power decrease (Loeber et al., 2000; McGue, Elkins, Walden, & 
Iacono, 2005). 
 Despite these changes in the relationship, support from parents continues to be important 
for adolescents, because it facilitates their adaptive development (van Aken, van Lieshout, 
Scholte, & Branje, 1999) and their emotional wellbeing (Baumeister & Leary, 1995). 
Whether parents are able to support their adolescent children depends, among other things, 
on whether parents themselves feel supported (Erel & Burman, 1995; Gleason, Iida, Bolger, 
& Shrout, 2003). In this study we examine whether parents are differentially susceptible to 
perceived support from their spouse and adolescent child depending on their personality 
traits, predicting the quality of support they subsequently give to their adolescent children. 
Quality of support in our study ranges from hostile, restrictive, rejecting others’ views, and 
lacking in communication, to warm, stimulating autonomy, sharing goals, and being open 
in communication (van Aken et al., 1999).
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Differential Susceptibility to Perceived Support from Spouse and Child 
Several mechanisms explain how perceived support might affect the way parents support 
their children, by changing the way parents think about social relationships and about 
themselves. First, according to attachment theory, earlier relationship experiences affect 
later functioning in relationships with the same and other partners, by shaping ideas about 
social relationships (Bowlby, 1982). This may hold true for relationship experiences obtained 
both early and later in life (Ainsworth, 1989). Perceived support can thus determine the 
support parents expect to receive from others in the future, and these expectations in 
turn can affect the support parents provide to others (Reis, Collins, & Berscheid, 2000). 
Second, through perceived support parents likely pick up signals about how other people 
view them, internalize that view, and make it part of their self-view (Markus & Wurf, 
1987). Parents who perceive a high quality of support may be more inclined to believe 
they are competent, which may be reflected in their ability to provide support to others 
(Bandura, 1997; Coleman & Karraker, 1997). Parents who feel competent likely hold their 
own supportive behavior to higher standards and tend to be more persistent in pursuing 
these standards (Bandura, 1997). However, for some parents perceived support may have a 
stronger impact than for others.
 We focus on two sources of perceived support among parents: Their spouse and their 
adolescent child. The marital partner is frequently cited as a provider of support (e.g., 
Cutrona, 1996). When support perceived within the marital relationship affects how parents 
support their children, this is known as spillover (Engfer, 1988; Erel & Burman, 1995). 
Affect and behavior generated in the marital relationship have been found to transfer to how 
parents parent their children, ultimately affecting child adjustment (Gerard, Krishnakumar, 
& Buehler, 2006). In addition to spouses, children can also provide support to parents, 
especially when they become older and develop a more horizontal relationship with their 
parents (Branje, van Aken, & van Lieshout, 2002; Russell et al., 1998). When parents 
reciprocate the support they perceive from their children, this is known as relationship 
reciprocity (Knoll et al., 2006; Wrzus, Wagner, Baumert, Neyer, & Lang, 2011). In fact, one 
of the best predictors of support provision is past support receipt (Gleason et al., 2003), 
suggesting that persons strive for an equilibrium of social give and take (Antonucci, Fuhrer, 
& Jackson, 1990). In this study, we examine whether such spillover and reciprocity effects 
are more pronounced for some parents than for others, reflecting differential susceptibility. 

Personality Traits as Markers of Differences in Susceptibility 
We focus on the Big Five personality traits (extraversion, agreeableness, conscientiousness, 
emotional stability, and openness) as susceptibility markers (Caspi & Shiner, 2006). Together 
these five traits comprehensively describe individual differences in how people act, think 
and feel toward others, thereby shaping social interactions and eventually relationships 
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(Back et al., 2011). Based on previous research, we expect conscientiousness, emotional 
stability, and openness to mark differences in susceptibility. 
 Conscientiousness involves orderliness and self-control in the pursuit of goals (Caspi 
& Shiner, 2006). Initial evidence is mixed as to whether this trait functions as a marker of 
susceptibility among adults (Jessee et al., 2010; cf. Koenig et al., 2010). Among adolescents, 
low conscientiousness indicated high levels of susceptibility (de Haan et al., 2010). Whereas 
conscientious parents have high standards in parenting and may feel obliged to support 
their children no matter what (cf. Asendorpf & Wilpers, 1998), less conscientious parents 
may have little regard for such long-term goals and may be more inclined to adjust their 
level of support towards their children depending on how much support they perceive 
(Prinzie, Stams, Deković, Reijntjes, & Belksy, 2009). Thus, we expect low conscientiousness 
to reflect high levels of susceptibility.
 Emotional stability entails the regulation of emotions and the tendency to experience 
distressing emotions (Caspi & Shiner, 2006). Previous research has shown that mothers 
high on negative affect or low on optimism may be relatively susceptible (Jessee et al., 
2010; Koenig et al., 2010). Parents low on emotional stability could be more susceptible 
because their personality likely reflects high emotional reactivity, which promotes a deeper 
processing of environmental stimuli (Aron & Aron, 1997; Aron, Aron, & Jagiellowicz, 2012; 
Ellis et al., 2011). Alternatively, parents low on emotional stability depend strongly on the 
approval of close others for establishing a positive self-view (Denissen & Penke, 2008a, 
2008b), and might therefore be more sensitive to the support they perceive. 
 Openness involves flexibility of information processing and cognitive exploration of the 
structure of experiences (DeYoung et al., 2011). Though usually linked to intellectual activity, 
openness also shapes social relationships by affecting how people interpret information 
about the emotions, thoughts and behaviors of others (McCrae, 1996). On the one hand, 
studies have found parents low on openness or high on constraint to be susceptible (Jessee 
et al., 2010; Koenig et al., 2010). On the other hand, a study among adolescents found those 
higher on openness to be more susceptible (de Haan et al., 2010), and a study among college 
students found those higher on openness to be more inclined to reciprocate emotional 
support (Knoll et al., 2006). Parents high on openness may be more apt and flexible in 
directing attention to information in their environment and in manipulating information 
from their environment (DeYoung et al., 2011). This may enable them to take in more 
information from their environment and be affected by their environment more strongly. In 
this sense, openness could signify a strong awareness of and deep processing of information 
(Aron et al., 2012). In our study we expect either low or high levels of openness to reflect 
susceptibility. 
 With respect to extraversion and agreeableness, only one study examined whether these 
traits function as susceptibility markers among adults, with negative results (Koenig et al., 
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2010). However, among adolescents, low extraversion and low agreeableness indicated 
a higher susceptibility to parents’ overreactivity (de Haan et al., 2010). Moreover, both 
extraversion and agreeableness play important roles in social relationships, and have been 
linked to higher perceived support (Asendorpf & Wilpers, 1998; Branje, van Lieshout, 
& van Aken, 2004). Thus, we cannot rule out that these personality traits are markers of 
differential susceptibility; we therefore include them in our study for exploratory reasons. 

Differences in Susceptibility over Time
We chose to study parents of adolescents who are approximately between 13 and 15 years 
old at the beginning of the study, i.e., middle adolescents. Several findings suggest that for 
parents, the changes in the relationship with their adolescent child are most dramatic at 
this time (e.g., de Goede, Branje, & Meeus, 2009). Also, most variability in parent-child 
interactions seems to occur when children are in middle adolescence (Granic, Hollenstein, 
Dishion, & Patterson, 2003; van der Giessen, Branje, Frijns, & Meeus, 2013). Differences 
among parents in how perceived support from their spouse and their child will affect the 
support they give to their child should be optimally detectable during this time. When 
parents have had more opportunity to adapt to the new relationship they are forming with 
their child, differences in susceptibility to perceived support will perhaps be less visible. 
In this study parents and their children are followed over time, which is treated as a proxy 
of such relationship changes. During the first year of the study (Time 1 to Time 2), when 
adolescents were between 13 and 15 years old, these relationship changes are likely stronger 
than during the second year (Time 2 to Time 3), when parents and adolescents may have 
started to get used to their changed relationship (Branje et al., 2004; de Goede et al., 2009; 
van der Giessen et al, 2013). Using data from three annual waves, we will test whether 
differential susceptibility effects are more pronounced for associations at the beginning of 
the study when children are middle adolescents (Time 1 to Time 2) than a year later (Time 
2 to Time 3). 
 In sum, in this three-wave longitudinal study we examine how the quality of support 
from parents towards their adolescent children is predicted by the support they perceive 
from their spouse and by the support they perceive from their children, depending on 
their personality. We expect these associations to be more pronounced for parents low on 
conscientiousness, low on emotional stability and either low or high on openness, indicating 
differential susceptibility. We also expect to find stronger moderation by personality traits 
at the beginning of the study than a year later. 
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Method

Participants
Participants were 288 two-parent Dutch families with adolescent children from the 
Nijmegen Family and Personality Study (Haselager & van Aken, 1999). A representative 
selection of 23 municipalities throughout the Netherlands provided lists of eligible families. 
Interviewers invited the families to participate until the required number of participants 
was attained. Of families contacted, 50% agreed to participate in the study. For the purpose 
of this study, we selected mothers, fathers, and one adolescent between the ages of 13 and 15 
within each family. The target adolescent was the oldest child in 78% of the families.
 Most participants (96%) were born in the Netherlands. The families belonged primarily 
to Dutch middle to upper-middle class. Parents differed in the highest level of education 
they had achieved at the time of the study. For 45% of the fathers and 27% of the mothers, 
this was higher vocational education or university. For 26% of the fathers and 31% of the 
mothers, this was intermediate vocational education. Finally, for 29% of the fathers and 
41% of the mothers, this was high school or lower vocational education. Fathers were 43.9 
years old on average (SD = 3.7 years), while mothers were 41.7 years old (SD = 3.3 years). 
The adolescents (50% girls) were 14.5 years old on average (SD = 0.8 years).
 Most families continued to participate throughout the study: Both at Time 2 (T2) and 
at Time 3 (T3), 285 families (99%) provided data. Complete data on research variables 
(support from parent, from spouse, and from child, personality traits) were provided by 
97% of the participating families at T1, 98% at T2 and 99% at T3. Missing values were 
estimated in Mplus 6.0 using Full Information Maximum Likelihood (Enders & Bandalos, 
2001).

Procedure
Families participated in three annual measurement waves. In each wave, an interviewer 
visited the families at home and asked the mother, the father, and the participating 
adolescent to simultaneously complete a questionnaire. The presence of the interviewer was 
intended to encourage complete responding and prevent discussions about the questions 
among family members. Parents evaluated each other’s personality and they rated the 
support they received from their spouse and child. Adolescents rated the support they 
received from both their parents. Thus, each variable was reported by a different rater: 
either the parent (predictor variables), the spouse (moderator variables), or the adolescent 
(outcome variable). In each wave the adolescents in the family were given a gift certificate 
after completing the questionnaire. As an additional incentive, a lottery was organized in 
which ten families who had participated in all three waves could win a travel voucher. 
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Measures
Big Five personality dimensions
Previous research shows that regarding the Big Five personality traits, how parents judge 
themselves is generally strongly correlated with how other family members judge parents 
(Branje, van Aken, van Lieshout, & Mathijssen, 2003). We therefore used spouse reports 
of parents’ personality, to avoid inflated correlations between how parents view their 
personality and how they view the quality of support they receive. Mothers and fathers 
judged each other’s personality at each wave using a Dutch adaptation of thirty adjective 
Big-Five personality markers selected from Goldberg (1992). Parents rated these adjectives 
along a seven-point Likert-scale ranging from 1 (very untrue of this person) to 7 (very 
true of this person). Personality dimensions were each assessed by means of six adjectives. 
Extraversion assesses the extent to which the person actively engages the world or avoids 
intense (social) experience (e.g., “talkative”). Agreeableness taps into the prosocial nature 
of the person and can range from warm and committed to others versus antagonistic (e.g., 
“friendly”). Conscientiousness measures the ability to control impulses as well as the degree 
to which the person is well-organized, thorough, and goal-oriented (e.g., “meticulous”). 
Emotional stability assesses the regulation of emotions and the extent to which the person 
is emotionally stable or plagued by unpleasant experiences and distressing emotions 
(e.g., “nervous”). Openness to experience measures the interest and willingness to try or 
consider new activities and ideas, along with the flexibility of information processing (e.g., 
“versatile”). Cronbach’s alphas ranged from 0.83 to 0.91 for father-ratings about mothers’ 
personality and from 0.76 to 0.91 for mother-ratings about fathers’ personality across 
waves. The relative stability of personality traits across the three waves ranged from .74 to 
.84 (ps < .001). Therefore, we created a single score for each personality trait, by averaging 
scores across three waves. 

Support
Both parents rated the support they perceived from each other and from their child at T1 
and T2, while adolescents rated the support they perceived from their parents at each wave, 
using the Relational Support Inventory (RSI, Scholte, van Lieshout, & van Aken, 2001). This 
inventory contains 24 items measured along a five-point Likert-scale ranging from 1 (very 
untrue of this person) to 5 (very true of this person). The items are distributed over four bipolar 
dimensions. The first dimension, Quality of information, assesses the quality of information 
versus withholding of information (reverse coded) (e.g., “This person does not explain why 
he/she wants me to do or not do something.”). Respect for autonomy measures respect for 
autonomy versus limit setting (reverse coded) (e.g., “This person lets me solve problems as 
much as possible on my own but also provides help when I ask for it.”). Emotional support 
assesses warmth as opposed to hostility (reverse coded) (e.g., “In this person’s view, I can’t do 
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anything right: he/she is always criticizing me”). Finally, Convergence of goals measures the 
perceived level of convergence as opposed to divergence (reverse coded) of goals (e.g., “This 
person criticizes my opinions about religion, philosophy of life, or social engagement”). 
Principal components analyses support combining these subscales into a single scale, with 
explained variance in factor scores ranging from 55% to 69% and factor loadings between 
.66 and .88. We therefore combined (through averaging) the four subscales into a single 
scale for quality of support, ranging from rejection and criticism to warmth and support. 
This approach leads to bipolar measures of parents’ environment and outcome behaviors, 
instead of the unipolar measures that are typically used in differential susceptibility research. 
For fathers, Cronbach’s alphas for the combined scale ranged from .73 to .78 for support 
from spouse and from .72 to .76 for support from children across waves; for mothers, they 
ranged from .74 to .76 and from .75 to .80, respectively. For children, alphas ranged from .80 
to .84 for support from fathers and from .78 to .85 for support from mothers. 

Analyses
Structural equation modeling in Mplus 6.0 was used to test our hypotheses. To take the 
nested data structure into account we used robust maximum likelihood estimation, which 
computes standard errors that are robust to non-independence of observations (Asparouhov, 
2005). We included χ2, χ2/df, TLI, CFI, and RMSEA to assess model fit. All predictors were 
centered to avoid problems of collinearity (Cohen, Cohen, West, & Aiken, 2003).
 We estimated six models to predict support from parents towards their children at T2 
and T3: One basic model without interaction paths, and five models in which additional 
interactions with each of the five personality traits were tested. The basic model included 
stability paths of support from parent, support from spouse, and support from child. In 
addition, correlations between the residuals of the three support variables at T2 were included, 
to account for correlated changes in support. Correlations between exogenous predictor 
variables were not included in the model. Instead, in line with recent recommendations 
the model was estimated conditioned on the exogenous predictor variables (i.e., the model 
was expressed for the outcomes “given the predictors”) (Muthén & Muthén, 2010). Finally, 
support from parent at T2 and T3 regressed on support from spouse at the previous time 
point, support from child at the previous time point and the personality traits. 
 The model containing interactions with extraversion consisted of the basic model plus 
four paths describing interactions with extraversion. Specifically, interactions between 
extraversion and support from spouse at T1 and T2 as well as support from child at T1 
and T2 were tested. The remaining models containing interaction paths with agreeableness, 
conscientiousness, emotional stability and openness were estimated in a similar way. To 
control for inflation of Type I error rates we applied a False Discovery Rate (FDR) procedure 
within each of the six models, which takes into account the proportion of expected false 
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positive results among a set of significant findings (Benjamini & Hochberg, 1995). 
 Significant interactions were followed by estimating simple slopes at personality values 
plus, exactly at, or minus one SD from the sample mean (Cohen et al., 2003). We also 
calculated the region of significance for the moderator (i.e., personality), to obtain the range 
of moderator values for which a predictor (support from spouse or child) and an outcome 
(support from parent) are significantly associated (Preacher, Curran, & Bauer, 2006). 
 Furthermore, to demonstrate a differential susceptibility effect, susceptible parents 
should do worse than their less susceptible counterparts when receiving little support 
from their spouse or child, and better when receiving much support. To examine this in 
more detail, we also calculated the region of significance with respect to the predictor (i.e., 
support from spouse or child) in case of a significant interaction (following suggestions 
by Roisman et al., 2012). Analogous to the region of significance for the moderator, this 
region identifies the range of predictor values for which a moderator and an outcome are 
significantly associated. In other words, it indicates the range of predictor values for which 
regression lines estimated at different personality values (or more precisely, point estimates 
on these lines) significantly differ from each other. When the differential susceptibility 
account is warranted, these lines —reflecting different personality values— should differ 
both at low values of the predictor (“for worse”) and at high values of the predictor (“for 
better”).

Results

Descriptive Results
Descriptive statistics and correlations for measures of support and personality traits are 
presented in Table 1. Support from parents towards children and support from spouses and 
children towards parents all displayed high rank-order stability, both from T1 to T2 and 
from T2 to T3. Mean levels of support from parents to their children decreased between T1 
and T2 (t(568) = -4.58, p = .01, d = -0.14) and remained stable between T2 and T3 (t(565) = 
-0.49, p = .62). Support perceived from spouses and from children also decreased from T1 
to T2 (t(564) = -4.69, p < .001, d = -0.14 and t(566) = -4.51, p < .001, d = -0.21, respectively). 
Support from spouses and from children to parents was weakly to moderately correlated to 
support from parents to children: the more support parents perceived from their spouses 
and children, the more support children perceived from their parents. Also, the support 
parents perceived from their spouse and from their child were mutually related. 
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Testing the Differential Susceptibility Hypothesis
Main effects on support from parents
 The basic model containing only main effects showed a good fit, χ2(17) = 27.49, p = .05, χ2/
df  = 1.61, TLI = .98, CFI = .99, RMSEA = .03. As shown in Table 2, support from parents 
to children showed considerable stability over time, both from T1 to T2 and from T2 to T3. 

Table 2. Standardized and Unstandardized Parameter Estimates of the Basic Model Predicting 
Support from Parent to Child

Regression Path / Covariance B SE 95% CI    β

Basic model

Support from parent T1 à Support from parent T2 0.71 0.03 [0.63, 0.78] .68***

Support from parent T2 à Support from parent T3 0.68 0.05 [0.58, 0.77] .66***

Support from spouse T1 à Support from spouse T2 0.72 0.03 [0.66, 0.78] .69***

Support from child T1 à Support from child T2 0.74 0.04 [0.67, 0.81] .70***

Support from spouse T2 ßà Support from parent T2 0.01 0.01 [0.00, 0.02] .13*

Support from child T2 ßà Support from parent T2 0.02 0.00 [0.01, 0.03] .22***

Support from child T2 ßà Support from spouse T2 0.04 0.00 [0.03, 0.05] .55***

Support from spouse T1 à Support from parent T2 0.08 0.05 [-0.01, 0.18] .06

Support from child T1 à Support from parent T2 0.07 0.06 [-0.05, 0.19] .05

Extraversion à Support from parent T2 0.01 0.01 [-0.02, 0.03] .01

Agreeableness à Support from parent T2 0.07 0.03 [0.02, 0.13] .09**

Conscientiousness à Support from parent T2 -0.01 0.01 [-0.03, 0.01] -.02

Emotional stability à Support from parent T2 -0.02 0.02 [-0.05, 0.01] -.03

Openness à Support from parent T2 0.02 0.02 [-0.01, 0.05] .04

Support from spouse T2 à Support from parent T3 -0.13 0.05 [-0.24, -0.03] -.10*

Support from child T2 à Support from parent T3 0.17 0.06 [0.05, 0.30] .13**

Extraversion à Support from parent T3 0.00 0.01 [-0.02, 0.03] .01

Agreeableness à Support from parent T3 0.06 0.03 [0.01, 0.11] .07*a

Conscientiousness à Support from parent T3 0.01 0.01 [-0.02, 0.03] .01

Emotional stability à Support from parent T3 0.01 0.02 [-0.02, 0.04] .02

Openness à Support from parent T3 -0.03 0.02 [-0.06, 0.01] -.06

Note. T1 = Time 1; T2 = Time 2; T3 = Time 3; N = 569.
a the critical p-value for this path is .024 according to the FDR procedure, therefore this path is not significant. 
* p < .05; ** p < .01; *** p < .001.

Likewise, support from spouses and from children to parents were highly stable from T1 to 
T2. Neither support from spouses nor support from children at T1 predicted support from 
parents to children at T2. A year later these associations were significant however. The more 
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support parents perceived from their spouse at T2, the less support children subsequently 
perceived from their parents. In contrast, the more support parents perceived from their 
children at T2, the more support children subsequently perceived from their parents. 
Parents’ personality traits generally did not predict support from parents to children, 
with the exception of more agreeable parents being perceived as more supportive by their 
children.

Moderation by parents’ personality traits
The models involving interactions with personality traits each demonstrated good fit 
(Extraversion: χ2(29) = 51.79, p = .01, χ2/df  = 1.79, TLI = .97, CFI = .98, RMSEA = .04; 
Agreeableness: χ2(29) = 51.04, p = .01, χ2/df  = 1.76, TLI = .97, CFI = .99, RMSEA = .04; 
Conscientiousness: χ2(29) = 36.58, p = .16, χ2/df  = 1.26, TLI = .99, CFI = 1.00, RMSEA = .02; 
Emotional stability: χ2(29) = 67.47, p < .001, χ2/df  = 2.33, TLI = .95, CFI = .97, RMSEA = 
.05), or excellent fit (Openness: χ2(29) = 29.57, p = .44, χ2/df  = 1.02, TLI = 1.00, CFI = 1.00, 
RMSEA = .01). These models did not differ across parent gender or child gender1. 
 Upon closer examination, none of the separate interactions involving extraversion, 
agreeableness, conscientiousness, or emotional stability were significant (see Table 3). 
These personality traits did not interact with the quality of support parents perceived from 
spouses or children in predicting support from parents towards their children, neither 
from T1 to T2 nor from T2 to T3. As to openness, this trait did not qualify associations of 
support from spouses with support from parents. Importantly though, openness qualified 
the association between the support parents perceived from children at T1 and support 
from parents towards their children at T2. The model involving interactions with openness 
is presented in Figure 1.
 To follow up on this interaction, we examined simple slopes as well as regions of 
significance. Simple slopes showed that for parents scoring low or average on openness, 
support from children at T1 was not associated with support from parents at T2 (β = -.05, p 
= .37 and β = .04, p = .28, respectively, see Figure 2). However, for parents high on openness 
a higher quality of support from children predicted a higher quality of support from parents 
towards these children at the next assessment (β = .14, p = .02). According to the region of 
significance for openness, support from children did not predict support from parents at 

1 To explore whether parent gender differences existed, we reanalyzed the basic model and the five models 
containing interactions with personality traits using a multigroup procedure. This procedure compared 
models in which regression parameters were constrained to be equal across parent gender to models in which 
regression parameters were allowed to differ across gender. By default, means, intercepts and variances were 
allowed to differ across parent gender. Models were compared using the Satorra-Bentler scaled χ²-difference 
test (Satorra & Bentler, 2001). Child gender differences were examined in a similar way. Releasing equality 
constraints across parent or child gender did not improve the model fit of any of the models. These analyses 
indicate that variation in susceptibility to support from children or spouses due to parents’ personality is 
similar for parent-son dyads and parent-daughter dyads and similar for mothers and fathers. 
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low values of openness (only at extremely low values of openness —less than M – 2.76 SD— 
a negative association appeared). Support from children positively predicted support from 
parents at high values of openness (more than M + 0.49 SD). 

Table 3. Standardized and Unstandardized Parameter Estimates of the Models with Interactions 
with Personality Traits Predicting Support from Parent to Child

Regression Path B SE 95% CI    β

Basic model + interactions with extraversion

Extraversion * PS from spouse T1à PS from parent T2 -0.01 0.04 [-0.07, 0.06] -.01

Extraversion * PS from child T1à PS from parent T2 0.07 0.05 [-0.02, 0.13]   .06

Extraversion * PS from spouse T2à PS from parent T3 -0.03 0.04 [-0.10, 0.05] -.03

Extraversion * PS from child T2à PS from parent T3 -0.01 0.05 [-0.09, 0.07] -.01

Basic model + interactions with agreeableness

Agreeableness * PS from spouse T1à PS from parent T2 0.12 0.07 [-0.02, 0.25]   .05

Agreeableness * PS from child T1à PS from parent T2 0.03 0.08 [-0.12, 0.18]   .01

Agreeableness * PS from spouse T2à PS from parent T3 -0.05 0.08 [-0.20, 0.11] -.02

Agreeableness * PS from child T2à PS from parent T3 0.02 0.07 [-0.12, 0.16]   .01

Basic model + interactions with conscientiousness

Conscientiousness * PS from spouse T1à PS from parent T2 0.02 0.04 [-0.07, 0.10]   .01

Conscientiousness * PS from child T1à PS from parent T2 -0.05 0.05 [-0.14, 0.04] -.04

Conscientiousness * PS from spouse T2à PS from parent T3 0.01 0.04 [-0.07, 0.09]   .01

Conscientiousness * PS from child T2à PS from parent T3 0.02 0.05 [-0.09, 0.12]   .01

Basic model + interactions with emotional stability

Emotional stability * PS from spouse T1à PS from parent T2 0.06 0.05 [-0.02, 0.11]   .04

Emotional stability * PS from child T1à PS from parent T2 -0.01 0.05 [-0.07, 0.06] -.00

Emotional stability * PS from spouse T2à PS from parent T3 0.00 0.05 [-0.07, 0.07]   .00

Emotional stability * PS from child T2à PS from parent T3 0.04 0.05 [-0.04, 0.10]   .03

Basic model + interactions with openness

Openness * PS from spouse T1à PS from parent T2 -0.06 0.05 [-0.16, 0.04] -.05

Openness * PS from child T1à PS from parent T2 0.13 0.05 [0.03, 0.23]    .09*

Openness * PS from spouse T2à PS from parent T3 -0.02 0.05 [-0.11, 0.07] -.02

Openness * PS from child T2à PS from parent T3 -0.04 0.06 [-0.14, 0.07] -.03

Note. T1 = Time 1; T2 = Time 2; T3 = Time 3; PS= Perceived support; N = 564. For brevity, only parameter estimates 
pertaining to interactions are shown for each model; the remaining parameter estimates were essentially the 
same as in the basic model.
* p < .05; ** p < .01; *** p < .001.
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parent T1 

 

Openness * Support 
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parent T2 

 Openness * Support 
from child toward 
parent T1 

 

Openness* Support 
from child toward 
parent T2 

 Figure 1. Model containing interactions with openness. For clarity, only significant longitudinal 
paths are shown. T1 = Time 1; T2 = Time 2; T3 = Time 3; N = 564.
* p < .05; ** p < .01; *** p < .001.

Next, we examined whether parents high on openness were relatively susceptible to both 
the detrimental effects of low levels of support from their child and the beneficial effects of 
high levels of support (i.e., for better and for worse). To this end, we calculated the region 
of significance for support from child. When they perceived a low quality of support from 
their child (less than M – 2.22 SD), parents high on openness were less supportive to their 
child than parents lower on openness. When they perceived a high quality of support from 
their child (more than M + 0.33 SD) the reverse was true: Parents high on openness were 
more supportive to their child than parents lower on openness (see Figure 2).
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Figure 2. Linear relation between support from child towards parent and support from parent 
towards child, computed at one standard deviation below the mean (low), the mean (average), and 
one standard deviation above the mean (high) of openness. Associations between support from 
child and support from parent, estimated at different values of openness, are significant within 
the shaded areas. Vertical lines indicate the predictor values at which differences among (point 
estimates on) slopes for different openness values become significant; the arrow denotes the side 
of the line to which differences among slopes are significant. When the differential susceptibility 
account is warranted, these lines —reflecting different personality values— should differ both at 
low values of support from child (“for worse”) and at high values of the support from child (“for 
better”).
* p < .05

Discussion

In this longitudinal study we examined whether parents are differentially susceptible to 
support within relationships, depending on their personality traits. We found that the 
association between perceived support from children towards parents at T1 and perceived 
support from parents towards children at T2 was more pronounced for parents high on 
openness. Specifically, parents high on openness were more susceptible to support they 
perceived from their adolescent child, for better and for worse: Compared to other parents, 
they were most vulnerable to a low quality of support from their child, and benefited 
most from a high quality of support. Extraversion, agreeableness, conscientiousness, and 
emotional stability did not emerge as markers of differences in susceptibility. Further, 
parents did not differ in their susceptibility to perceived support from their spouse. Finally, 
differences in susceptibility were not found a year later when using data from a third wave. 
Thus, we found limited support for differential susceptibility, for one personality trait only, 
and depending on the source of perceived support (spouse or child), and on the timing of 
measurement. 
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 Our findings suggest openness might function as a susceptibility marker among 
parents. Parents high on openness appeared susceptible to support they perceived from 
their children, adjusting the level of support they gave to their children to the level of 
support they experienced themselves. Importantly, when they experienced hostility and 
criticism from their children, parents high on openness provided less support to their 
children than parents lower on openness; when they experienced warmth and support from 
their children, parents high on openness provided more support than parents lower on 
openness. This is consistent with a study on differential susceptibility among adolescents 
(de Haan et al., 2010), and with a study among college students showing that those higher 
on openness were more susceptible to emotional support, as indicated by their stronger 
tendency to reciprocate emotional support (Knoll et al., 2006). It also converges with recent 
ideas about sensory processing sensitivity (a trait that partially overlaps with openness) as a 
trait indicating differences in sensitivity to the environment (Aron et al., 2012). According 
to this view, individuals high on sensory processing sensitivity are particularly sensitive 
to subtle stimuli. They tend to be more aware of information in their environment and 
tend to process this information on a deeper and more complex level than other people, 
which affects the way they plan, think, and learn. Individuals high on sensory processing 
information, because they process experiences more thoroughly, are believed to be more 
strongly affected by, or susceptible to, their environment. However, empirical evidence for 
this idea is still in its infancy. Our study provides tentative support for this idea by showing 
that high openness, as a trait related to sensory processing sensitivity, might indeed indicate 
an increased susceptibility to environmental influences. However, replication of this finding 
is needed before strong conclusions can be drawn.
 While high openness emerged as a possible susceptibility factor in our study, low 
openness emerged as a vulnerability factor in the study by Koenig and colleagues (2010). 
In this study, young fathers low on openness might have found it difficult to deal with their 
toddler’s anger, possibly due to their lack of using new strategies and creative solutions, 
resulting in their parenting quality being jeopardized by their toddler’s display of anger. 
Middle-aged parents low on openness may attach less value to support from their adolescent 
child and thus continue to show appropriate levels of support to their child, regardless of 
how much support the child shows towards them (Branje et al., 2004). 
 Parents differing in conscientiousness were not differentially susceptible to support. 
Conscientiousness reflects people’s tendency to persist in goal pursuit under distracting 
circumstances. Perhaps then, conscientiousness plays a more salient role in task-related 
domains than in relational domains (Caspi & Shiner, 2006), and therefore did not emerge 
as a susceptibility marker in our study. Unexpectedly, low emotional stability did not 
emerge as a marker of susceptibility to perceived support. While in line with studies 
among adolescents (de Haan et al., 2010) and adults (Koenig et al., 2010), this contradicts 
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another study among young parents (Jessee et al., 2010) as well as literature on differential 
susceptibility among children (Belsky & Pluess, 2009). Perhaps this finding can be 
explained by the way support was measured in this study. Parents low on emotional stability 
may be relatively sensitive not to support per se, but to discrepancies between expected 
and actual support from others (Poorthuis, Thomaes, van Aken, Denissen, & Orobio de 
Castro, 2014). Future research could explore this possibility. As to the lack of moderation 
by extraversion and agreeableness, these results converge with a previous study on parents’ 
personality traits as susceptibility markers (Koenig et al., 2010) and with a study that failed 
to find interactions with extraversion and agreeableness when predicting parenting (Clark, 
Kochanska, & Ready, 2000). Possibly, extraversion and agreeableness are not the best 
markers of susceptibility among adults.
 The association between perceived support from their spouse and support from parents 
to their children did not depend on parents’ personality. The more susceptible parents in 
our sample let their support towards their children be affected especially strongly by support 
from their child, and less so by support from their spouse. This suggests that reciprocity, 
more so than spillover, is a potent process among individuals high on openness (see also 
Knoll et al., 2006). These findings also touch upon the question of how domain specific 
versus domain general susceptibility to the environment is (Ellis et al., 2011). 
 As expected, moderation by personality traits was stronger for predicting Time 2 from  
Time 1 than for predicting Time 3 from Time 2. It is possible that personality differences 
(and by approximation, differences in susceptibility) are most pronounced during periods 
of change in relationships. Such differences among parents in susceptibility to support from 
their children become less visible when parents get accustomed to the changed relationship 
with their children. This would imply that individual differences in susceptibility are more 
visible during some periods in life than during others. Future studies examining this 
possibility should rely on direct measurement of relationship changes, instead of on proxies 
such as measurement wave or age.
 Apart from moderation effects, two other findings in our study are noteworthy. First, 
support from their spouse initially did not predict support from parents to children, whereas 
a year later it predicted slightly lower levels of support from parents to children. Perceived 
support can lead to increased relationship closeness, but also to increased negative mood 
when support is taken as a sign that the person is not capable of handling things him- or 
herself (Gleason, Iida, Shrout, & Bolger, 2008). Negative mood, in turn, hampers people’s 
ability to provide support to others (see Iida, Stephens, Rook, Franks, & Salem, 2010). 
Alternatively, it might be that when parents spend more time supporting each other, they 
simply have less time to support their children. However, more research is needed to find 
out what the exact mechanisms are through which higher levels of perceived support can 
predict lower levels of support provided to others. Second, support from children at Time 
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1 did not predict support from parents at Time 2, but a year later, support from children to 
their parents did predict support from parents to their children. Perhaps the increasingly 
horizontal relationship between parents and adolescents (de Goede et al., 2009; Koepke 
& Denissen, 2012) accounts for the reciprocity of perceived support between parents and 
children between Time 2 and Time 3. 
 Among the strengths of this study are its longitudinal design and the availability of 
data from both mothers and fathers. The multi-informant character of this study strongly 
reduces informant bias and its associated shared method variance. That we did not find 
support for all our hypotheses may partly be due to using different informants for each 
construct in our study, which provides a relatively stringent test of our hypotheses. 
Furthermore, our measures cover both positive and negative aspects of the environment 
and range from positive to negative outcomes, allowing us to examine ‘for better and for 
worse’ effects (Belsky et al., 2007). Moreover, analyzing regions of significance (Roisman et 
al., 2012) provided a formal way of testing the shape of personality-by-support-interactions, 
strengthening our conclusions with respect to ‘for better and for worse’ effects.
 Notwithstanding these strengths, some limitations have to be acknowledged as well. 
First, the interaction between openness and support from children explained only a small 
amount of variance in support from parents. Interaction effects are notoriously difficult 
to detect in field studies (McClelland & Judd, 1993), and more precise measurement of 
the environment (i.e., perceived support) as well as oversampling extreme scores on the 
moderator (i.e., personality) might counter this issue. Second, parents reported a somewhat 
restricted range of perceived support from children and spouses. With a more diverse 
sample in terms of perceived support (especially scores at the low end), more conclusive 
statements about susceptibility to both low and high levels of support could be made. 
 In conclusion, we found that parents high on openness were more susceptible to the 
quality of support they perceived from their adolescent child, for better and for worse. Thus, 
we extended previous results to show that differential susceptibility can be detected among 
parents of adolescents, but only for certain personality traits, and depending on the timing 
of measurement and on the source of perceived support. Differences in susceptibility 
among adults might exist under some circumstances, particularly when a transition occurs 
in the family. Future research needs to replicate these initial findings as well as concentrate 
on further demonstrating and explaining these boundary conditions.
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Abstract

Several models of individual differences in environmental sensitivity postulate increased 
sensitivity of some individuals to either stressful (diathesis-stress), supportive (vantage 
sensitivity), or both environments (differential susceptibility). In this meta-analysis we 
examine whether children vary in sensitivity to parenting depending on their temperament, 
and if so, which model can best be used to describe this sensitivity pattern. We tested 
whether associations between negative parenting and negative or positive child adjustment 
as well as between positive parenting and positive or negative child adjustment would be 
stronger among children higher on putative sensitivity markers (Difficult Temperament, 
Negative Emotionality, Surgency, and Effortful Control). Longitudinal studies with children 
up to 18 years (k=105 samples from 84 studies, Nmean=6153) that reported on a parenting-
by-temperament interaction predicting child adjustment were included. We found 235 
independent effect sizes for associations between parenting and child adjustment. Results 
showed that children with a more Difficult Temperament (compared to those with a more 
easy temperament) were more vulnerable to negative parenting, but also profited more 
from positive parenting, supporting the differential susceptibility model. Differences in 
susceptibility were expressed in externalizing and internalizing problems and in social and 
cognitive competence. Support for differential susceptibility for Negative Emotionality was 
however only present when this trait was assessed during infancy. Surgency and Effortful 
Control did not consistently moderate associations between parenting and child adjustment, 
providing little support for differential susceptibility, diathesis-stress, or vantage sensitivity 
models. Finally, parenting-by-temperament interactions were more pronounced when 
parenting was assessed using observations compared to questionnaires.

Key words: differential susceptibility, person-by-environment interactions, temperament, 
parenting, meta-analysis
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Introduction

While considered common sense today, less than fifty years ago, examining how children 
vary in response to the same childrearing environments depending on their temperament 
was a novel idea. The idea that different children respond differently to the same parenting 
behaviors has since been backed up by findings showing that effects of parenting on child 
development depend on children’s temperament (e.g., Bates, Pettit, Dodge & Ridge, 1998; 
Crockenberg, 1981; Karreman, van Tuijl, van Aken, & Deković, 2009; Rothbart & Bates, 
2006; Wachs & Gandour, 1983). That is, children vary in how sensitive they are to parenting 
and other environmental influences, what others have called ‘individual differences in 
sensitivity to environmental influences’ (Pluess, 2015). Several scholars have reviewed 
evidence for this phenomenon in a narrative way, describing support for different models 
of individual differences in environmental sensitivity (Belsky, 2005; Belsky & Pluess, 2009; 
Ellis, Boyce, Belsky, Bakermans-Kranenburg, & van IJzendoorn, 2011; Kiff, Lengua, & 
Zalewski, 2011; Pluess & Belsky 2010a). However, a systematic and quantitative summary 
of how children vary in their sensitivity to parenting depending on child temperament is 
lacking. 
 Among the first to recognize this phenomenon were Thomas and Chess (1977). They 
recognized that temperament, and especially the match between temperament and parenting, 
matters for how children are shaped by parenting. A first conceptualization of temperament 
was made, distinguishing between difficult, easy, and slow-to-warm-up children. Parental 
attitudes, expectations and demands that match the temperament of the child, i.e., ‘goodness 
of fit’, give rise to optimal development, whereas a mismatch between temperament and 
parenting paves the way for maladaptive functioning. However, the goodness-of-fit concept 
proved difficult to operationalize (Campos, Barrett, Lamb, Goldsmith, & Stenberg, 1983), 
and soon other models of individual differences in environmental sensitivity arose, focusing 
on sensitivity to stressful (e.g., diathesis-stress), supportive (e.g., vantage sensitivity), or 
both environments (e.g., differential susceptibility). In addition, researchers moved away 
from a typological approach for studying temperament into studying temperament traits. 
Despite the recognition of individual differences in environmental sensitivity, it is still not 
clear which temperament traits combined with which parenting behaviors are consistently 
related to various developmental outcomes. Our meta-analysis therefore examines whether 
children (from birth until age eighteen) vary in their sensitivity to parenting depending on 
their temperament, and if so, which model can best be used to describe this sensitivity pattern. 

Models of Individual Differences in Environmental Sensitivity 
Several models of individual differences in environmental sensitivity exist. In Table 1 we 
present an overview of these models, including the type of interaction they predict. 
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Early models of individual differences in environmental sensitivity
That child adjustment may result from the combination of children’s temperament and their 
parenting environment was first emphasized by the goodness-of-fit model (Thomas, Chess, 
& Birch, 1968) and later mentioned in work by Bates (1989). Likewise, Wachs and Gandour’s 
(1983) organismic-specificity hypothesis and Bronfenbrenner and Morris’s (2006) Process-
Person-Context-Time model both posit that socialization effects vary depending on person 
characteristics of the child. These models are very general in their predictions: While they 
predict person-environment interactions, they do not predict exactly which shape these 
interactions should take. In contrast to the models discussed in the following sections, 
any interaction would provide support for these models. This includes contrastive effects 
(where associations between parenting and child adjustment are significantly different from 
zero for children low as well as children high on a given temperament trait, but in opposite 
directions; for example, see Leerkes et al., 2009), which are not predicted by any of the other 
models discussed below.

Vulnerability models
Research on how individual characteristics modify environmental effects has traditionally 
been guided by what developmentalists call the dual-risk model (Sameroff, 1983) and what 
those studying psychopathology call the diathesis-stress model (Monroe & Simons, 1991; 
Zuckerman, 1999)1. According to these models some individuals possess characteristics 
that make them disproportionately vulnerable to risks and dangers in their environment, to 
harsh circumstances they encounter, or to poor-quality parenting –in short, they show an 
increased vulnerability to stressors. These predisposing ‘vulnerabilities’ (i.e., diatheses) can 
be behavioral in character (e.g., difficult temperament), physiological or endophenotypic, 
or genetic. The basic premise is that a diathesis is activated by a stressor, “transforming 
the potential of predisposition into the presence of psychopathology” (Monroe & Simons, 
1991, p. 406). 

Evolutionary-based models
Models of environmental sensitivity that are grounded in evolutionary theories suggest 
that the very individuals most vulnerable to environmental stressors may be the ones who 
benefit most from environmental support. Thus, so-called vulnerability characteristics may 
actually reflect a general sensitivity to both harsh and supportive circumstances. 
 The differential susceptibility model indeed asserts that children vary in their general 
susceptibility to parenting and other environmental influences (Belsky, 1997a, 1997b, 2005; 
Belsky, Bakermans-Kranenburg, & van IJzendoorn, 2007). The first empirical support for 
differential susceptibility emerged in the form of observations that children higher on 
1 In this article we choose to refer to both these models combined as the diathesis-stress model. 
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negative emotionality or with a more difficult temperament were more susceptible to both 
negative and positive parenting (Belsky, 1997b, 2005; Belsky, Hsieh, & Crnic, 1998). The 
very characteristics that make certain children disproportionately vulnerable to harsh and 
low-quality parenting, seemed to make them benefit disproportionately from supportive 
and high-quality parenting. Differential susceptibility therefore proposes that certain 
children are susceptible “for better and for worse” (Belsky et al., 2007), as illustrated by 
the solid black line in Figure 1. This provides a fundamentally different perspective from 
diathesis-stress notions, which emphasize individual differences in the tendency to be 
disproportionally affected by negative features of the environment only, with children 
ranging from vulnerable to resilient in the face of adversity, as illustrated by the dashed line 
in Figure 1. 
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Figure 1. Graphical Display of Diathesis-stress, Vantage Sensitivity, and Differential Susceptibility. 
The lines describe the diathesis-stress model (solid gray and striped black lines), the vantage 
sensitivity model (solid gray and dotted black lines), and the differential susceptibility model (solid 
gray and solid black lines). The three models are partly overlapping, and selection of a restricted 
range of environments and outcomes (just the positive side or just the negative side) renders the 
three models indiscernible. A focus on the full range of environments and outcomes, from negative 
to positive, reveals the difference between the three models. Adapted from “The hidden efficacy of 
interventions: Gene-environment experiments from a differential susceptibility perspective,” by M. 
Bakermans-Kranenburg and M. H. van IJzendoorn, 2015, Annual Review of Psychology, 66, 381–409.

In a parallel but independent line of theoretical work, Boyce and Ellis’s (Boyce et al., 1995; 
Boyce & Ellis, 2005; Ellis, Essex, & Boyce, 2005) biological sensitivity to context model 
was developed (see Del Giudice, Ellis, & Shirtcliff, 2011 for a more recent extension of 
the biological sensitivity to context model: The adaptive calibration model). According to 
this model, differences in sensitivity develop based on the amount of stress vs. support 
children have been exposed to during childhood. Individuals with heightened reactivity in 
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one or more of the stress response systems appear to be more sensitive to both stressful and 
supportive contexts (Ellis et al., 2005). The biological sensitivity to context and differential 
susceptibility perspectives are certainly not mutually exclusive, and in fact, they have been 
joined together into an overarching evolutionary-neurodevelopmental theory of differential 
susceptibility (Ellis et al., 2011). 
 Differential susceptibility and biological sensitivity to context have much in common 
with the sensory processing sensitivity model, which asserts that some people perceive and 
process sensory information more thoroughly than other people (Aron & Aron 1997; Aron, 
Aron, & Jagiellowicz, 2012). The first results of the sensory processing sensitivity model 
were in line with a vulnerability model: When early parenting was optimal, there was little 
difference between those who are and are not highly sensitive; but when parenting was poor, 
highly sensitive individuals (compared to less sensitive individuals) reported an unhappier 
childhood (Aron & Aron, 1997). However, in later work, sensory processing sensitivity has 
been viewed from an evolutionary perspective, explicitly predicting crossover interactions 
(Aron et al., 2012). In contrast to other models, this model started with a focus on cognitive 
processes in adults, and few sensory processing sensitivity studies have focused on children.
Finally, the vantage sensitivity model followed the differential susceptibility model, and 
was developed to describe individual differences in the tendency to benefit from positive 
features of the environment only (Manuck, 2011; Pluess & Belsky, 2013). According to this 
model, some individuals show vantage sensitivity (meaning they benefit disproportionately 
from enriched environments; see dotted line in Figure 1) whereas others show vantage 
resistance (meaning they gain little to nothing from enriched environments). 

Models tested in this meta-analysis
Certain models of environmental sensitivity —diathesis-stress, differential susceptibility, 
and vantage sensitivity— are partly overlapping, and selection of a restricted range of 
environments and outcomes (just the positive side or just the negative side) renders them 
indiscernible. Only a focus on the full range, from negative to positive, of both environments 
and outcomes reveals the difference between these models. Unfortunately, most individual 
studies on parenting-by-temperament interactions do not meet this requirement. These 
studies focus on both a restricted range of environments, emphasizing either the negative 
end of the spectrum or the positive end of the spectrum, and on a restricted range of 
developmental outcomes, again emphasizing either the negative or the positive (Pluess, 
Stevens, & Belsky, 2013). By meta-analyzing studies focusing on the negative end of the 
spectrum as well as studies focusing on the positive end of the spectrum, we can create a 
focus on the full range of environments and outcomes, and find out which of these models 
of individual differences in environmental sensitivity is best supported by the studies 
currently available. 
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 This meta-analysis specifically focuses on how associations between parenting and child 
development depend on children’s temperament traits, to evaluate empirical support for 
different models of individual differences in environmental sensitivity. We test moderation 
of the associations between 1) negative parenting and negative child adjustment (negative-
negative), 2) positive parenting and positive child adjustment (positive-positive), 3) negative 
parenting and less positive child adjustment (negative-positive), and 4) positive parenting 
and less negative child adjustment (positive-negative). Especially the first two are important 
in distinguishing diathesis-stress, differential susceptibility, and vantage sensitivity models. 
If temperament moderates associations of both negative parenting with negative child 
adjustment and positive parenting with positive child adjustment, with positive associations 
being stronger for children scoring higher on putative susceptibility markers, this 
provides support for the differential susceptibility hypothesis. If, however, temperament 
only moderates the association of negative parenting with negative child adjustment, 
this provides support for the diathesis-stress model. If temperament only moderates the 
association of positive parenting with positive child adjustment, this provides support for 
the vantage sensitivity model. The organismic-specificity and person-process-context-time 
models are very broad in their predictions: moderation of any of the four associations 
mentioned above —whether supporting differential susceptibility, diathesis-stress, vantage 
sensitivity, or none of the three—, would automatically be compatible with these models. 
Thus, only the absence of interaction effects would speak against these models. Finally, we 
refrain from testing other models predicting for ‘better and for worse’ interactions, because 
they either typically used susceptibility markers that are not examined in this meta-analysis 
(biological sensitivity to context), or because they looked at adults instead of children 
(sensory processing sensitivity).  

Temperament Traits as Moderators of Parenting Influence 
How can we tell which children are more and less sensitive to parenting behaviors? Previous 
studies have focused on genotypes, physiological reactivity, and temperament traits to 
mark differences in the way children are shaped by parenting (Belsky & Pluess, 2009). Two 
meta-analyses have focused on how environmental influences depend on the 5-HTTLPR 
gene and on dopamine-related genes (Bakermans-Kranenburg & van IJzendoorn, 2011; 
van IJzendoorn, Belsky, & Bakermans-Kranenburg, 2012). Consistent with differential 
susceptibility, they found that children with less efficient dopamine-related genes and 
children with the short allele of the 5-HTTLPR gene did worse in negative environments 
than their counterparts, but they also profited more from positive environments. Prior to 
the emergence of gene-by-environment studies however, researchers already focused on 
temperament traits as moderators of environmental influences. In this meta-analysis we 
examine temperament traits, summarizing the large literature on how parenting effects 
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depends on temperament. Temperament has been defined as “constitutionally based 
individual differences in reactivity and self-regulation, in the domains of affect, activity, and 
attention” (Rothbart & Bates, 2006, p. 100). These differences start to appear early in life, are 
relatively stable across the lifespan, and are presumed to have a genetic or neurobiological 
basis (Goldsmith et al., 1987). 
 Three broad temperament dimensions in childhood have repeatedly been identified 
by classic temperament researchers such as Rothbart and Bates (2006), Thomas and 
Chess (1977), Buss and Plomin (1975), and Goldsmith and Campos (1982): Negative 
Emotionality2, Surgency, and Effortful Control3 (De Pauw, Mervielde, & van Leeuwen, 
2009; Mervielde & Asendorpf, 2000). These temperament traits map onto the Big Five 
personality traits of Neuroticism, Extraversion, and Conscientiousness, respectively (Caspi, 
Roberts, & Shiner, 2005). In fact, many researchers argue that, at least from preschool 
age onwards, temperament traits and personality traits are very similar (e.g., Caspi et al., 
2005; Caspi & Shiner, 2006; de Pauw et al., 2009). Following this view, this meta-analysis 
covers both temperament traits and personality traits that fit in the domains of Negative 
Emotionality, Surgency, and Effortful Control. We also examine Difficult Temperament, 
a broader dimension encompassing (aspects of) Negative Emotionality, Surgency, and 
Effortful Control. Below we explain each of these traits in turn, discussing how they might 
be used to mark differences in sensitivity to parenting. 
 First, the literature on parenting-by-temperament interactions has drawn attention 
to Difficult Temperament. Difficult Temperament in these studies was measured using a 
composite of several temperament traits, combining (aspects of) Negative Emotionality 
with (aspects of) Surgency and/or Effortful Control. Although other definitions of Difficult 
Temperament exist —notably Difficult Temperament as part of a typological approach 
distinguishing difficult, slow-to-warm-up, and easy temperaments (Thomas & Chess, 
1977)— in this meta-analysis we view Difficult Temperament as a general dimension of 
temperament, measured by composites of multiple temperament traits. Children with a 
more Difficult Temperament, compared to their easy counterparts, were found to show 
more internalizing and externalizing behavior problems and lower social and academic 
adjustment when parenting quality was low, and less behavior problems and better 
adjustment when parenting quality was high (e.g., Belsky, 2005; Bradley & Corwyn, 2008; 
Roisman et al., 2012; van Aken, Junger, Verhoeven, van Aken, & Deković, 2007). These 
results are consistent with differential susceptibility (for reviews, see Belsky & Pluess, 2009; 
Ellis et al., 2011; Pluess & Belsky 2010a), although findings supporting diathesis-stress or 
null findings also occur (e.g. Dilworth-Bart, Miller, & Hane, 2012; Stoolmiller, 2001). 

2 The model by Goldsmith and Campos also focuses on positive emotions. However, following the other three 
temperament models we considered positive emotionality to be an aspect of Surgency/extraversion.

3 Not present in the Buss and Plomin model, perhaps because this trait is only just emerging prior to 
kindergarten. To be comprehensive, we do include this trait in our meta-analysis. 
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 Although Difficult Temperament has frequently been suggested to mark differences in 
susceptibility, because of its broad nature it is hard to pinpoint which aspects of it exactly 
mark differences in susceptibility. Thus, children with a more Difficult Temperament could 
be susceptible because they are high on one trait, another trait, or multiple traits that are 
captured by their Difficult Temperament. The approach taken in this meta-analysis —
examining Difficult Temperament in general as well as three more specific traits as potential 
susceptibility markers— should shed more light on this issue. 
 Negative Emotionality can be described as the tendency to be easily distressed (Putnam, 
Ellis, & Rothbart, 2001). It is a general dimension, which encompasses emotions of fear, 
worry, sadness, discomfort and anger, frustration, and irritability. While some studies find 
support for diathesis-stress (e.g., Kiff, Lengua, & Bush, 2011) or obtain null results (e.g. 
Vitaro, Barker, Boivin, Brendgen, & Tremblay, 2006), other studies suggest children high 
on Negative Emotionality to be more susceptible to parenting in a manner consistent with 
the differential susceptibility model (e.g., Belsky et al., 1998; Poehlmann et al., 2012; for 
reviews, see Belsky & Pluess, 2009; Ellis et al., 2011; Pluess & Belsky 2010a), and yet others 
find mixed results supporting both diathesis-stress and differential susceptibility (Colder, 
Lochman, & Wells, 1997; Kochanska, Aksan, & Joy, 2007; Lengua, 2008). Conceptually, 
Negative Emotionality among young children is a common reaction to overstimulation, 
which is something that susceptible children will experience relatively frequently. Negative 
Emotionality may, in this sense, reflect a highly sensitive nervous system, on which experiences 
from the environment register especially strongly (Aron et al., 2012; Ellis et al., 2011). This 
is consistent with the view that differences in susceptibility are instantiated in the biology 
of the nervous system (Ellis et al., 2011). In sum, like Difficult children, children higher 
on Negative Emotionality could potentially be more susceptible ‘for better and for worse’. 
 Surgency reflects a predisposition to be actively involved with the environment, as 
can be seen in, for instance, the tendency to approach novelty, to enjoy intense activities, 
and to be sociable, active and impulsive (Putnam et al., 2001). Studies found active and 
impulsive children and those prone to sensation seeking to be more sensitive to parenting, 
compared to their less active, impulsive and sensation seeking counterparts (Colder et al., 
1997; Leve, Kim, & Pears, 2005; Stephenson & Helme, 2006). High Surgency may indicate 
increased sensitivity because it captures ‘reward sensitivity’, which has been postulated 
to underlie differences in sensitivity to environmental influences (Belsky & Pluess, 2009; 
Ellis et al., 2011; Gatzke-Kopp, 2010). By pursuing rewards and being sensitive to receiving 
immediate rewards, children high on Surgency might react to their parenting environment 
relatively strongly (Derryberry & Rothbart, 1997; Rothbart & Bates, 2006). Others 
suggest that it might be low Surgency which can make children particularly receptive to 
socialization influences (de Haan, Prinzie, & Deković, 2010; Lewis-Morrarty et al., 2012; 
Meunier, Roskam, & Browne, 2010). Some of the characteristics of low Surgency (being 
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wary of approaching novelty, not enjoying intense stimuli, perhaps because they are too 
overwhelming), indicated thorough cognitive processing of stimuli, increasing sensitivity 
to the environment (Aron et al., 2012). Thus high sensitivity could be reflected in low 
Surgency as well as high Surgency.
 Effortful Control can be defined as the capacity to inhibit a dominant response in 
favor of a subdominant one, enabling individuals to direct their attention, and to regulate 
emotions and behaviors (Rothbart & Bates, 2006). Like with Surgency, studies reveal mixed 
results, with some showing children low on Effortful Control to respond more strongly 
to socialization influences (de Haan et al., 2010; Pitzer, Jennen-Steinmetz, Esser, Schmidt, 
& Laucht, 2011; Poehlmann et al., 2011), and others showing children high on Effortful 
Control to respond more strongly (Halpern, Garcia Coll, Meyer, & Bendersky, 2001). 
Children low on Effortful Control are less able to control their approach tendencies and the 
way they initially react to environmental stimuli (Derryberry & Rothbart, 1997; Rothbart 
& Bates, 2006), making them relatively sensitive to immediate rewards and the pursuit 
of short-term goals (MacDonald, 2008). Children high on Effortful Control, instead, are 
better able to direct attention to information in the environment (Posner & Rothbart, 2000), 
facilitating a more thorough processing of this information (Aron et al., 2012), which may 
make them more sensitive to their environment. Thus, increased sensitivity to parenting 
could be reflected in either low or high Effortful control.  

The Current Meta-Analysis
Results of longitudinal and experimental studies on parenting-by-temperament interactions 
are mixed. Some are consistent with what the differential susceptibility hypothesis predicts, 
some studies find evidence for diathesis stress models (e.g., Kiff, Lengua, & Bush, 2011; Sentse, 
Veenstra, Lindenberg, Verhulst, & Ormel, 2009), and many studies find no interaction effects 
at all (e.g., de Leeuw, Scholte, Sargent, Vermulst, & Engels, 2010; Jutengren, Kerr, & Stattin, 
2011; Supplee, Shaw, Hailstones, & Hartman, 2004; Vitaro, Barker, Boivin, Brendgen, & 
Tremblay, 2006). A meta-analysis combining all available empirical information, is needed 
to come to a general conclusion to the question: Which model of individual differences 
in environmental sensitivity is best supported by the current literature on parenting-by 
temperament interactions? This meta-analysis aims to answer this question, by examining 
whether associations between parenting and child adjustment are stronger among children 
with certain temperament traits. 
 As to parenting, by negative parenting we mean behaviors reflecting negative control 
and hostility, and by positive parenting we mean behaviors reflecting positive control 
and warmth. These categories of parenting behaviors have been used in previous meta-
analyses on parenting (Hoeve et al., 2009; Karreman, van Tuijl, van Aken, & Deković, 
2006; Paulussen-Hoogeboom, Stams, Hermanns, & Peetsma, 2007). They stem from two 
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key parenting dimensions used to assess the quality of parenting behavior: Warmth and 
control (Maccoby & Martin, 1983). Warmth refers to parenting behaviors toward children 
that make them feel comfortable, accepted and approved (Rollins & Thomas 1979). It can 
be represented as ranging from negative (hostile and rejecting) to positive (affectionate 
and accepting). Control has been defined as placing demands on and controlling children. 
Researchers commonly distinguish between positive (or authoritative) control and negative 
(or authoritarian) control (Baumrind 1968, 1971). Positive control reflects child-oriented 
and inductive discipline techniques such as guiding the child’s behavior cognitively, giving 
information, and stimulating responsible behavior of the child, while negative control refers 
to adult-oriented, coercive, restrictive, and harsh discipline techniques and emphasizes the 
negative aspects of control such as harsh punishment and love withdrawal (e.g., Baumrind 
1968, 1971). In our meta-analysis, negative parenting is indicated by high levels of negative 
control and/or behaviors reflecting hostility and rejection; positive parenting is indicated by 
high levels of positive control and/or behaviors reflecting warmth. 
 As to child adjustment, on the negative side we focus on child internalizing and/or 
externalizing problem behavior and on the positive side we focus on social and/or cognitive 
competence. Internalizing problems can be described as inner-directed, generating distress 
and tension within individuals. Externalizing problems can be described as outer-directed, 
generating discomfort and conflict in the surrounding environment. Internalizing problems 
include withdrawn, anxious, depressed, and fearful behavior, while externalizing problems 
include hyperactive, delinquent, antisocial, and aggressive behavior (Achenbach & 
Edelbrock, 1978). Social competence can be described as effectiveness in social interaction 
(Rose-Krasnor, 1997). It is a multifaceted construct which includes skills such as prosocial 
behavior, perspective-taking, empathy, and communication, but also goals and values that 
provide direction and motivation for social behavior (e.g., conscience). Finally, research 
has identified a broad range of cognitive skills such as information processing, reasoning, 
memory, and problem solving, which are reflected in children’s academic achievement and 
in their scores on standardized tests of cognitive development (Higgins, Peterson, Pihl, 
& Lee, 2007; National Research Council and Institute of Medicine, 2000). By cognitive 
competence, we refer to children’s school performance and to their performance on general 
cognitive or mental development tests, as well as to tests assessing specific cognitive abilities. 
 Many of the studies that examine parenting-by-temperament interactions are cross-
sectional, and they have come to a similar conclusion as the longitudinal studies discussed 
above: Different studies on parenting-by-temperament interactions support different 
models (see for instance van Zeijl et al., 2007; Colder et al., 1997 for results supporting 
differential susceptibility, Morris et al., 2002; Paterson & Sanson, 1999 for results supporting 
diathesis-stress, Szabó et al., 2008 for results showing the absence of an interaction effect; 
see also Belsky & Pluess, 2009; Kiff, Lengua, & Zalewski, 2011; Rothbart & Bates, 2006 
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for narrative reviews that include cross-sectional studies). While these cross-sectional 
studies have provided an initial understanding of what these interactions might look like, 
they lack the ability to examine how children are differentially affected by parenting. To 
establish causality, three criteria must be satisfied: 1. the “cause” and the “effect” are related 
(covariation), 2. the “cause” precedes the “effect” in time (temporal precedence), and 3. there 
are no plausible alternative explanations for the observed covariation (nonspuriousness) 
(Shadish, Cook, & Campbell, 2002). Cross-sectional studies can meet only the first of these 
criteria. To be able to answer our research question, however, studies must be able to rule out 
that their findings purely reflect how child behavior evokes parenting. It takes a longitudinal 
design to establish temporal precedence and be able to observe whether parenting predicts 
child adjustment. Finally, only an experimental design can rule out other confounding 
explanations for the observed correlation between parenting and child adjustment. Few 
experiments test parenting(intervention)-by-temperament interactions, however. In this 
meta-analysis we include longitudinal and experimental, but not cross-sectional, studies.  
Finally, we build on previous meta-analyses of person-by-environment interactions 
(Bakermans-Kranenburg & van IJzendoorn, 2011; van IJzendoorn et al., 2012) not only 
theoretically (by examining temperament traits as moderating person characteristics), but 
also methodologically. While previous meta-analyses have examined interactions between 
categorical (i.e., genotype) and continuous variables, we present a way to meta-analyze 
interaction effects between two continuous variables, temperament traits and parenting. 
Instead of meta-analyzing associations between environment and outcome for groups of 
individuals, we meta-analyze the simple slopes, that is, associations between parenting 
and child adjustment that were estimated at low and high levels of a given temperament 
trait. More specifically, by meta-analyzing interaction coefficients, then meta-analyzing 
simple slopes, and finally testing the difference between those slopes using an overlapping 
confidence intervals test, we provide a standardized approach to meta-analyze interactions 
between two continuous variables (for more details, see the methods section).

Moderators of Parenting-by-Temperament Interactions
Support for parenting-by-temperament interaction effects may only be found under certain 
circumstances. Especially in the differential susceptibility literature, researchers have 
speculated as to when differences in susceptibility would be most pronounced. Therefore, we 
also examine three potential moderators of differential susceptibility effects: Outcome domain 
of child adjustment, age at temperament assessment, and parenting assessment method. 

Outcome domain of child adjustment
With respect to differences in susceptibility, one pertinent question is how domain general 
versus domain specific susceptibility to the environment is (Belsky & Pluess, 2009; Ellis et 
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al., 2011; Belsky & Pluess, 2013b). Are some individuals more susceptible to any and all 
environmental inputs and with respect to any and all developmental outcomes? Or is it 
more likely that individuals vary in terms of what they are susceptible to (e.g., the affective 
dimension but not the control dimension of parenting) and in which developmental 
outcomes this is expressed (e.g., social but not cognitive competence)? Pleading for a 
domain general view is a simulation study, which showed that individual differences in 
susceptibility to environmental influences could evolve through natural selection, and, 
importantly, that these differences in susceptibility would occur across contexts, being 
domain general (Wolf, van Doorn, & Weissing, 2008). Empirical data provide further 
support, showing that infants with difficult temperaments were more susceptible to 
sensitive and insensitive parenting as expressed in social competence, behavior problems 
(internalizing and externalizing), and academic competence assessed throughout primary 
school (Roisman et al., 2012). Domain specificity on the other hand, is in line with the idea 
that different neurobiological systems are sensitive to different environmental inputs and 
influence different developmental outputs (Ellis et al., 2011). Studies have found preliminary 
support for domain specificity with respect to the environmental measure (dimension of 
teacher-child relationship, type of laboratory stressor) and outcome domain under study 
(Essex, Armstrong, Burk, Goldsmith, & Boyce, 2011; Obradović, Bush, & Boyce, 2011). 
We examined whether differences in susceptibility are more likely to be domain specific 
or domain general with respect to developmental outcomes, that is, expressed in a limited 
number of child outcomes or expressed in a broad range of child outcomes 

Age at temperament assessment
While the study of differential susceptibility is up-and-coming, a developmental perspective 
discussing whether susceptible individuals remain susceptible throughout their lives has 
been wanting (Pluess, Stevens, & Belsky, 2013). Plausibly, susceptible individuals are more 
susceptible during some stages of life than others (Belsky & Pluess, 2013a; Windhorst et al., 
2015). Susceptibility has been suggested to be a function of not only inborn, biologically 
based characteristics, but also of postnatal experiences (Boyce et al., 1995; Boyce & 
Ellis, 2005; Ellis et al., 2005; Pluess & Belsky, 2011), which suggests that the capacity for 
susceptibility itself could differ across age. Indeed, it is during the early years of life that 
human development is presumed to be most susceptible to environmental influences, 
both the good and the bad (e.g., Ganzel & Morris, 2011). According to developmentalists, 
developmental susceptibility is likely greatest when biological systems are being established. 
It might be that at this early phase in life, differences between those who are more and who 
are less susceptible are also most apparent. 
 Moreover, even if susceptible individuals remain susceptible throughout their lives, the 
best markers to identify them might vary across age. That is, temperament traits might be 
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better markers of differences in susceptibility at some ages than at others. Temperament 
traits have been shown to develop (Janson & Mathiesen, 2008), being shaped by postnatal 
experiences (Bergman, Sarkar, Glover, & O’Connor, 2008; Blandon, Calkins, Keane, & 
O’Brian, 2010). When children are older, their temperament might therefore have changed 
compared to how it was during infancy (Roberts & DelVecchio, 2000). Perhaps it is especially 
temperament at a young age (infancy) that correlates with how susceptible children are to 
parenting. As susceptible children grow older, information from their environment could 
in turn fine-tune their temperament to their (parenting) environment (see also Hall & 
Perona, 2012), making temperament traits less accurate susceptibility markers at a later age. 
Thus, we hypothesize that differential susceptibility will be more apparent among children 
whose temperament traits were assessed during infancy compared to older children. 

Parenting assessment method
Recent meta-analyses on how the association between environmental adversity and 
depression is moderated by the serotonin transporter genes showed that the method used 
to assess the environment could explain much variation in study outcomes. Specifically, 
studies using objective or structured interview measures of the environment were more 
likely to find significant gene-by-environment interactions than studies using self-reported 
questionnaire measures (Uher & McGuffin, 2010; Karg, Burmeister, Shedden, & Sen, 2011). 
Similarly, observations of parenting were more strongly predictive of child outcomes than 
parent-reported questionnaire measures of parenting (Zaslow et al., 2006). Arguably, self-
reported measures of parenting can take into account parenting across many contexts and 
over time. But self-reports are also prone to biases, making them less reliable and more 
influenced by subjective states, including current mood and social desirability (Schwarz, 
1999). What parents report as their parenting practices and what they actually do in real 
interactions with their children may not always correspond. Therefore, we hypothesize that 
parenting-by-temperament interactions predicting child adjustment will more likely be 
found when observed measures of parenting are used than when self-reported questionnaire 
measures of parenting are used.  

Hypotheses
In this meta-analysis we examine whether children (from birth till age eighteen) vary in 
their sensitivity to rearing depending on their temperament traits. Based on the literature, 
we formulate the following hypotheses:
1. We expect Negative Emotionality, Surgency, Effortful Control, and Difficult 

Temperament to moderate associations between parenting and child adjustment
2. Based on the literature, we expect associations between negative parenting and negative 

child adjustment, as well as associations between positive parenting and positive child 
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adjustment, to be stronger for children with a more Difficult Temperament and for 
children higher on Negative Emotionality. Surgency and Effortful Control have been 
studied less often as potential sensitivity markers, and results for these two traits are 
mixed. We therefore include them in our study for exploratory reasons, but do not make 
specific predictions about how they would moderate the parenting-outcome link. 

With respect to moderation of differential susceptibility effects: 
3. We examine moderation of differential susceptibility effects by the domain of child 

adjustment. We do not formulate hypotheses concerning the direction of moderation, 
that is, whether differential susceptibility effects will be domain-specific or domain-
general with respect to child outcomes (internalizing problems, externalizing problems, 
social competence, cognitive competence).

4. We expect differential susceptibility effects to be stronger in studies that assessed child 
temperament in infancy compared to later ages. 

5. We expect differential susceptibility effects to be stronger in studies that used observation 
measures of parenting, compared to questionnaire measures of parenting. 

  

Methods

Selection of Studies
Search procedure
We searched several electronic databases, namely PsychINFO, Web of Science, ERIC, 
SSRN, OpenGrey, and Medline. The literatue search included all studies published before 
September 2015. Five initial search criteria were translated into five categories of key words 
that were used for searching. These categories of key words selected studies that 1) had 
a predictor variable pertaining to parenting (key words father* or mother* or paternal 
or maternal or parent* or rearing or socializ* or socialis* or caregiv*), 2) had a moderator 
variable pertaining to temperament (key words temperament* or personality or “sensory 
processing sensitivity” or “Difficult Temperament” or difficultness or “temperamental 
difficult*” or “Negative Emotionality” or “positive emotionality” or Surgency or “Effortful 
Control” or irritability or distress or “behavioral inhibition” or “ego resilienc*” or “emotional 
dysregulation” or impulsivity), and 3) studied children aged 18 or younger (key words child* 
or infan* or toddler* or baby or babies or school* or kindergart* or preschool or daycare or 
adolescen* or teens or teenagers or youth or puberty), 4) employed a longitudinal or an 
experimental design (key words “long term” or “follow up” or longitudinal* or prospective* 
or “over time” or experiment* or trial or interven* or program* or groups or antecedents or 
influence* or change* or development), and 5) conducted a test of an interaction effect (key 
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words moderat* or interact* or depend* or qualify or qualifies or alters or alter or differential 
or “differential susceptibility” or differentially or diathesis-stress or “diathesis stress” or “dual 
risk” or dual-risk or buffer* or sensitiv*). We searched for studies that had at least one key 
word within each of these five categories, in their title, abstract, or key words. In addition, 
we located studies by reviewing the bibliographies of several other reviews and seminal 
articles in the field of parenting-by-temperament interactions (Bates et al., 1998; Belsky & 
Pluess; 2009; Gallagher, 2002; Kiff, Lengua, & Zalewski, 2011; van Aken et al., 2007). 

Inclusion criteria
Studies were included if they met the following selection criteria. 1) The study had to report 
on an interaction between parenting and temperament predicting a child outcome. 2) The 
mean age of the children at the time of the first parenting and temperament assessment was 
18 years or younger. 3) The study had to employ a longitudinal or an experimental design. 
Studies employing an experimental design had to use an intervention aimed at changing 
parenting, i.e., a parent-directed intervention —not a child-directed intervention. Cross-
sectional studies were excluded because the order of events —parenting predicting child 
adjustment, which is central to our research question— is ambiguous in such studies. 4) 
The study reported on an outcome measure of child adjustment that fit into one of four 
categories: externalizing behavior, internalizing behavior, social competence or cognitive 
competence. Studies using child temperament as an outcome measure were excluded, to 
prevent the outcome and the moderator in our meta-analysis to partially overlap. 5) The 
study used parenting as a predictor variable. Specifically, and in line with previous meta-
analyses on parenting (e.g., Hoeve et al., 2009; McLeod, Weisz, & Wood, 2007), the study 
had to include a direct measure of parenting. Parenting was defined as behavior of the 
parent that is directed toward the child. Factors that referred to behavior of the parent 
in which the child was not directly involved, such as marital problems and parental 
depression, were excluded. Likewise, relationship variables that require information about 
the child’s actions in addition to the parent’s actions, such as parent-child relationship or 
attachment status, were excluded. Family environment was also excluded, since it involves 
interactive processes among all family members. 6) The study had to include a moderator 
variable pertaining to temperament or personality, which fit into one of four categories: 
Negative Emotionality, Surgency, Effortful Control, or Difficult Temperament. 7) The study 
had to be conducted in a Western culture. What constitutes ‘adequate parenting’, ‘desirable 
child behavior’ and ‘easy or difficult temperament’ may be culturally defined. Studies have 
found differences between Western and non-Western cultures, both in parenting and in 
temperament traits such as Negative Emotionality and Effortful Control (Chen et al., 1998; 
Friedlmeier & Trommsdorff, 1999). 8) Studies of clinical samples were not included. That 
is, the sample had to be a community sample at the start of the study. Extreme groups 
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may yield larger effects or effects in a different direction from what would be expected in 
a general population sample (Rothbaum & Weisz, 1994). 9) Only empirical peer-reviewed 
articles were included, that were written in English. We chose to exclude unpublished studies 
from our manuscript, because concerns have been raised about the quality of unpublished 
studies, as they have not gone through peer review (Cook, et al., 1993). Moreover, research 
has shown that meta-analyses that included unpublished studies were just as likely to 
find evidence for publication bias as those that did not (Ferguson & Brannick, 2012). 10.) 
Information to calculate an effect size had to be present. There were no restrictions on 
publication date. 

Selecting the studies
Our initial database search resulted in 10,035 unique hits. By searching bibliographies, an 
additional 25 articles were found. Titles of these references were read and 704 potentially 
relevant articles were selected for reading the abstract. Based upon their abstracts, 273 
articles were selected for which the full text article was retrieved. We carefully checked 
these articles against the inclusion criteria. Several studies were excluded, because they 
did not test parenting-by-temperament interactions (k = 26), they were not empirical and 
peer-reviewed (k = 50), they were cross-sectional (k = 68), the mean sample age was above 
18 years (k = 3), outcomes did not fit into one of four predetermined categories (k = 16; 
examples of such outcomes are temperamental inhibition, attachment, feeding problems, 
and injury proneness), they did not use a direct measure of parenting (k = 20), temperament 
traits did not fit into one of four predetermined categories (i.e., callous-unemotional traits; 
k = 4), the sample was non-Western (k =1) or the sample was clinical (k = 1). In the end, 84 
studies were used in this meta-analysis. 

Coding the Studies
Each study was coded using a detailed coding scheme for recording child adjustment 
outcomes, parenting behaviors, temperament traits, as well as study, sample, and effect size 
characteristics. A subset of 10% of the studies was coded by three coders. The inter-coder 
reliabilities were very high, with mean Cohen’s Kappa for categorical variables = .93 (range: 
.68 - 1.00) and mean ICC for continuous variables = 0.99 (range 0.97 - 1.00). Disagreements 
were resolved through discussion, until consensus was reached. 

Child outcomes
Negative child adjustment behaviors were categorized in externalizing and internalizing 
behaviors. Externalizing behaviors included, in addition to externalizing problems, 
behaviors such as delinquency, aggression, drug use, conduct problems and antisocial 
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behavior. Internalizing behaviors included internalizing problems, anxiety, depression, 
rumination, and self-harm. Positive child adjustment behaviors were categorized into 
social competence and cognitive competence. The first category included outcomes such as 
prosocial behavior, empathy, community involvement, conscience, and social competence. 
The latter category included academic competence, cognitive development, language 
development, mental development, and visual-spatial processing. 

Parenting
Negative parenting behaviors referred to negative control and hostility, including 
overreactivity, physical punishment, harsh discipline, intrusiveness, overprotection, 
authoritarian discipline, rejection and hostility. Positive parenting behaviors referred 
to warmth as well as positive control. They included behaviors such as responsiveness, 
sensitivity, support, acceptance, involvement, monitoring, authoritative discipline, 
guidance, autonomy granting, and providing structure.4 

Temperament
Temperament was coded as belonging to one of four categories: Negative Emotionality, 
Surgency, Effortful Control, or Difficult Temperament. The category of Negative 
Emotionality included measures of general negative emotionality, distress proneness, 
fussiness, and neuroticism. It also included more anger-like traits, such as anger proneness, 
frustration, irritability and distress to limits, as well as more fear-like traits, such as fear 
proneness, anxiousness, and distress to novelty. Surgency entailed traits such as impulsivity, 
activity level, positive affect, extraversion, low shyness, sensation seeking, and surgency 
itself. Effortful Control included, besides effortful control, conscientiousness, attention, 
and inhibitory control. Finally, temperament measures that combined aspects of Negative 
Emotionality, Surgency, and Effortful Control were coded as Difficult Temperament. 

4 One study measured inconsistent discipline (Lengua, 2008). This was the only study that defined negative 
control as fluctuations in control, instead of amount of (harsh) control; in all other studies, negative control 
equated high levels of negative control. Therefore, we decided to exclude this parenting measure from our 
analyses. This is in line with other meta-analyses that also considered inconsistent discipline as separate 
from negative control (e.g., Hoeve et al., 2009; Karreman et al., 2006). 

  One study (Leerkes et al., 2009) measured sensitivity to nondistress —sensitive responses to child cues 
other than distress. Sensitivity to nondistress is described as a parenting behavior that can promote child 
adjustment, but when paired with low sensitivity to distress, can undermine child adjustment —presumably 
because it communicates inconsistency and the message that negative emotions are problematic or 
unworthy of a response (Leerkes et al., 2009). Sensitivity to nondistress therefore, neither fits the category 
of positive parenting nor that of negative parenting. Therefore, we decided to exclude this parenting 
measure from our analyses. 

  Mean effect size analyses were repeated including these two studies and this yielded essentially the same 
results as those discussed in the results section hereafter. Results are available from the first author upon 
request.
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Study and sample characteristics
We coded several study characteristics, such as publication year and design (correlational 
or experimental). We also coded the method used to assess the outcome variable, parenting 
and temperament (questionnaire, observation or other). Coded sample characteristics 
included sample size, child gender, parent gender and age at temperament assessment, 
socioeconomic status (mostly below or mostly above the poverty line or a mix), and 
education level of parents (maximum high school, some postsecondary education, or 
university/college degree). 

Effect size information
Pearson´s correlation coefficient r was chosen as the effect size, to represent associations 
between continuous variables. Most studies reported Pearson’s correlation coefficients (r) or 
standardized regression coefficients (β). The latter can easily be converted into correlations, 
using the formula r = β + .05λ, where λ is an indicator variable that equals 1 when β is positive 
and 0 when β is negative (Peterson & Brown, 2005). The synthesis of βs (converted into rs) 
in meta-analysis is becoming increasingly common in meta-analyses (Becker & Wu, 2007; 
Borenstein, Hedges, Higgins, & Rothstein, 2009; Rosenthal & DiMatteo, 2001). Where rs 
or βs were not reported, r was calculated either by converting existing effect sizes such as 
F, t, d and odds ratios to r, or by converting unstandardized regression coefficients (B) to β 
and then to r. When a study did not report an exact effect size but only the non-significance 
of the association, an effect size of zero was assigned. When a study only reported that 
an association was significant, an effect size r of .10 or -.10 (generally considered a small 
effect size; Cohen, 1992) was assigned, depending on the direction of association. This is a 
commonly used, conservative strategy (Lipsey & Wilson, 2001).
 For each parenting-by-temperament interaction reported in an article, we coded three 
different effect sizes. The first is the parenting-by-temperament interaction coefficient, 
which is represented as b3 in a linear regression equation testing a two-way interaction: Y 
= b0 + b1X + b2Z + b3XZ. In this formula, Y represents the outcome variable, X represents 
the predictor variable, Z represents the moderator variable, XZ represents the interaction 
variable —which is simply the product of X and Z—, b0 represents the intercept, and b1, b2 

and b3 represent the regression coefficients for each of these three variables, respectively. 
Second, we coded the associations between parenting and child adjustment estimated at 
low levels (M – 1 SD) of a temperament trait, and third, the associations between parenting 
and child adjustment estimated at high levels (M + 1 SD) of a temperament trait. These are 
commonly known as the simple slopes, which are (usually) reported when an interaction 
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effect is significant5 (Cohen, Cohen, West & Aiken, 2003). When an interaction effect 
reported in a study was not significant, simple slopes were usually not reported in articles. In 
such cases we assumed associations between parenting and child adjustment to be similar for 
children scoring low and high on a temperament trait, and we coded the main effect size of 
parenting for both children scoring low and children scoring high on a temperament trait6. 
 We emailed 23 authors to request additional statistical information. For example, if 
parenting was used as the moderator instead of temperament we asked for information 
needed to calculate the simple slopes for temperament as a moderator; or if simple 
descriptives were missing that were needed to convert a reported effect size into a 
correlation coefficient, we requested them. Thirteen authors responded positively to our 
request. If authors did not respond, the articles were coded using the less detailed statistical 
information available in the article. 

Data Analysis
To control for inflation of Type I error rates we applied a False Discovery Rate (FDR) 
procedure, which takes into account the proportion of expected false positive results among 
a set of significant findings (Benjamini & Hochberg, 1995). 

Individual effect sizes
Correlations were first transformed using Fisher’s Z-transformation (Lipsey & Wilson, 
2001). For ease of interpretation, we report back-transformed standard correlation 
coefficients. To prevent results from being overly determined by very large sample sizes or 
effect sizes, we applied a winsoring procedure. Detected outliers (based on Z-values > 3.29 
(p < .001)) were winsorized to their nearest sample size or effect size (Lipsey & Wilson, 
2001). Four sample sizes and twelve effect sizes were adjusted this way.7 
 Following the requirement of independence of effect sizes, we used the sample as the 
main unit of analysis. For example, if a manuscript reported effect sizes stemming from two 
5 Most studies probe significant interaction effects by estimating the association between the predictor and 

the outcome at different values of the moderator. However, one study (Kiff, Lengua, & Bush, 2011) estimated 
only the changes in the outcome at different combinations of values of the predictor and the outcome. Thus, 
while in other studies the simple slopes refer to associations between parenting and outcome variables, 
with parenting being on the x-axis, in this study they referred to the change in the outcome variable, with 
time on the x-axis. We therefore decided to code only the parenting-by-temperament interactions reported 
in this study, and not the simple slopes. To check, mean effect size analyses were repeated while including 
these simple slopes, and this yielded essentially the same results as those discussed in the results section 
hereafter. Results are available from the first author upon request. 

6 We repeated analyses using only the reported simple slopes that followed significant interactions (k = 106). 
Results were largely the same, except the difference between children scoring low and high on Difficult 
Temperament with respect to the association between negative parenting and negative child adjustment 
was no longer significant. Results are reported in Appendix 1. 

7 Mean effect size analyses were repeated without having adjusted outliers in sample sizes and effect sizes. 
This did not change the pattern of results. Results can be requested from the first author. 
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different samples, we would include both effect sizes, assuming that statistical dependencies 
of different samples reported on in the same article are likely to be small and negligible. 
Thus we included a single effect size from each sample, for each meta-analysis. Because 
we performed separate meta-analyses for the negative-negative, positive-positive, negative-
positive, and positive-negative associations, for moderation by each of the four temperament 
traits (i.e., sixteen meta-analyses), each sample could contribute a single effect size to each 
meta-analysis. When samples reported multiple effect sizes per meta-analysis (e.g., based 
on more than one measure or repeatedly assessed over time), we aggregated effect sizes.

Mean effect sizes
In total, we performed sixteen separate meta-analyses: For the negative-negative, positive-
positive, negative-positive, and positive-negative associations, moderated by each of the 
four temperament traits. These sixteen meta-analyses were applied to each of the three 
types of effect sizes that were coded (parenting-by-temperament interactions, simple 
slopes estimated at low values of a temperament trait, and simple slopes estimated at high 
values of a temperament trait). To find out whether associations between parenting and 
child adjustment are stronger for children scoring high on a given temperament trait, 
compared to children scoring low, the difference between the two simple slopes had to be 
tested as well. This was done using an overlapping confidence intervals test (Goldstein & 
Healy, 1995) adjusted for the dependent two-sample case (Afshartous & Preston, 2010). An 
adjustment for dependent samples was necessary because in most articles simple slopes for 
low and high values of temperament were estimated using conditional regressions based on 
a single sample (using the simple slopes procedure described by Aiken & West, 1991; only 
nine articles used a split-sample procedure), resulting in dependent sets of effect sizes being 
compared. The adjusted overlapping confidence test takes into account the correlation 
between simple slopes estimated at low and high values of a temperament trait, as well as 
the ratio of their standard errors. Because the number of effect sizes for simple slopes being 
compared was often small (k < 30), the confidence intervals were calculated based on a 
t-distribution, as recommended by Afshartous and Preston (2010). 
 We analyzed the data using both fixed- and random-effects approaches. The fixed effects 
model assumes that individual effect sizes are sampled from a set of similar studies and that 
any heterogeneity among effect sizes is due to sampling fluctuation among studies, or can 
be entirely explained by moderator variables (Borenstein, Hedges, Higgins, & Rothstein, 
2010). Conclusions obtained using a fixed effects model cannot be generalized to studies 
not included in the meta-analysis. They are conclusions pertaining to the particular set of 
studies under consideration. Therefore a random effects model is oftentimes used, because 
it allows for effect size variance between studies and generalization of the results to other 
studies not included in the meta-analysis. However, when the number of effect sizes in 
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an analysis is small, such as in our analyses, it becomes difficult to reliably estimate the 
between-studies variance in effect sizes and power becomes very low. In such cases a fixed 
effect model can be a viable alternative, which is why our focus is on fixed effect models, with 
results of additional random effects models noted briefly. The meta-analyses were conducted 
by weighing each individual effect size by its inverse variance weight (Lipsey & Wilson, 
2001), using SPSS syntax available online (http://mason.gmu.edu/~dwilsonb/ma.html). 
 Next, to detect and investigate the possible effects of publication bias, we used the trim 
and fill method (Duval, 2005; Duval & Tweedie, 2000a, 2000b). The trim and fill method is 
a widely used form of sensitivity analysis, which estimates the number missing studies and 
then imputes them to provide an adjusted effect size. In this way it gives an indication of 
how sensitive an estimated effect size is to publication bias.

Moderation of mean effect sizes
Aggregating effect sizes stemming from the same sample, as we did for our mean effect size 
analyses, results in a substantial loss of information for moderation analyses. For example, 
imagine a study that used observations and questionnaires as a measure for parenting, 
generating two effect sizes for the association between parenting and child adjustment. Such 
a study could not be included in the moderator analysis because it violates independence (it 
would provide two effect sizes), and the moderator analysis would be restricted to studies 
that delivered effect sizes for only observations or only questionnaires. We therefore applied 
a “shifting units of analysis” approach (Cooper, 1998) for all moderation of mean effect 
sizes analyses. Using this approach, each study is allowed to contribute as many effect sizes 
as there are categories in the given analysis, but effects within any category are averaged. 
The aforementioned example study would thus contribute the average of the observation 
and the questionnaire effect size to the mean effect size. However, for a moderation analysis 
testing whether Parenting assessment method is a moderator of the mean effect size, the 
study would contribute the effect sizes for both observed parenting and questionnaire-
reported parenting independently —one effect size for each level of the moderator. This 
approach offers a good compromise between minimizing violations of the assumptions of 
independence of effect sizes and retaining a maximum amount of information from each 
study for moderator analyses.
 To assess heterogeneity in effect sizes, the Q statistic was used (Lipsey & Wilson, 2001). 
The Q statistic tests the null hypothesis that all the individual effect sizes estimate the same 
population effect size. In case of heterogeneity there are differences among effect sizes that have 
some source other than subject-level sampling error. These differences may be explained by 
different study or sample characteristics. Thus, if the hypothesis of homogeneity was rejected, 
moderator analyses were performed to help explain heterogeneity of the effect sizes. Categorical 
moderator variables were analyzed using an ANOVA procedure (Lipsey & Wilson, 2001). 
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 We tested three moderator variables, namely outcome domain, age at temperament 
assessment, and Parenting assessment method. Outcome domain was already coded as 
externalizing behavior, internalizing behavior, social competence, or cognitive competence. 
Age at temperament assessment was nonnormally distributed, and was therefore not suitable 
to use as a continuous predictor. To match our predictions about effects being strongest 
in infancy, and in line with the empirically categorical distribution of this moderator 
variable, we recoded it into two categories: Younger than 1 year, and older than 1 year. 
Parenting assessment method was coded as observation or questionnaire. One study used 
a combination of these two methods and could not be included in the moderator analyses 
comparing studies that used either observations or questionnaires. We only tested for 
moderation when there was a minimum of 3 studies per level of the moderator.

Results

Descriptive Data
Table 2 summarizes the characteristics of the 105 samples from the 84 studies included in 
the meta-analysis. Total sample sizes for the negative-negative, positive-positive, negative-
positive, and positive-negative associations split per temperament trait were: 4190, 4586, 
7600, and 282 for Difficult Temperament, 15394, 7178, 20647, and 3030 for Negative 
Emotionality; 6881, 5258, 12855, and 687 for Surgency; and 4316, 383, 5044, and 120 for 
Effortful Control, respectively. These samples together supplied 673 effect sizes before 
aggregating. After aggregating, 235 independent effect sizes were left for calculating the 
mean effect size. Numbers of independent effect sizes for the negative-negative, positive-
positive, negative-positive, and positive-negative associations split per temperament trait 
were: 11, 8, 2, and 16 for Difficult Temperament; 33, 13, 9, and 38 for Negative Emotionality; 
20, 13, 6, and 25 for Surgency; and 15, 5, 1, and 20 for Effortful Control, respectively.
 Of the 105 samples, 12.5% contained only girls, 18.3% contained only boys, and 69.2% 
contained both girls and boys. The average age of children at the time their temperament was 
assessed was 4 years 8 months (SD = 4 years 9 months), ranging from 2 months to 16 years 3 
months. The parents in these samples were mothers only (62.8%), fathers only (2.1%), both 
mothers and fathers, analyzed separately (11.7%), or both mothers and fathers, analyzed 
together (23.4%). In most of the samples parents had either received some postsecondary 
education (52.1%), or obtained a university or college degree (36.6%). Most samples were 
mixed-SES samples (82.5%), with only 8.8% of samples consisting mostly of participants 
living below the poverty line. Included studies were mostly correlational (96.2%) and in 
some instance experimental (3.8%). Of the studies, 4.8% was published before 2000, 43.8% 
between 2000 and 2009, and 51.4% in 2010 or later. 
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Mean Effect Size Analyses
Does temperament interact with parenting in predicting child adjustment? 
We started by calculating the mean effect size of parenting-by-temperament interaction 
effects (see Table 3). Results for fixed effects models show that both Difficult Temperament 
and Negative Emotionality interact with parenting in predicting child adjustment, 
moderating negative-negative as well as positive-positive associations. Sensitivity analyses 
via the trim and fill procedure showed that after imputing missing studies, the adjusted 
effect size remained significant for interactions with Difficult Temperament, but became 
marginally significant (for positive-positive) or non-significant (for negative-negative) for 
interactions with Negative Emotionality (see Appendix 2 for adjusted effect sizes and funnel 
plots using the trim and fill method). In addition, Difficult Temperament moderated the 
association between positive parenting and negative child outcomes, although this effect 
size became marginally significant after controlling for publication bias. Effortful Control 
also moderated the positive-negative association, but did not moderate any of the other 
associations between parenting and child outcomes. Finally, Surgency did not interact with 
parenting in predicting child adjustment. Sensitivity analyses via the trim and fill procedure 
showed that for interactions with Effortful Control and Surgency, either no studies needed 
to be imputed, or the adjusted mean effect size remained significant. 

Which model of individual differences in environmental sensitivity do temperament-
by-parenting interaction effects support? 
We went on to calculate the mean effect size of the simple slopes, and test for differences 
between simple slopes estimated at low and high levels of traits using an overlapping 
confidence intervals test (see Table 4). Fixed effects analyses reveal that both negative-
negative and positive-positive associations were stronger for children with a more Difficult 
Temperament than for children with a more easy temperament (r = .17 vs. r = .15 and 
r = .27 vs. r = .17, respectively) and for children higher on Negative Emotionality than 
for children lower on Negative Emotionality (r = .16 vs. r = .12 and r = .14 vs. r = .10, 
respectively, although the latter was significant only at p < .10). Likewise, negative-positive 
and positive-negative associations were stronger for children with a more Difficult 
Temperament than for children with a more easy temperament and for children higher on 
Negative Emotionality than for children lower on Negative Emotionality. Thus, children 
with a more Difficult Temperament and children higher on Negative Emotionality were 
more vulnerable to negative parenting, but also profited more from positive parenting, 
supporting the differential susceptibility model. Further, associations between negative 
parenting and negative child outcomes were stronger at low levels of Surgency (Table 4), 
supporting a diathesis-stress model for parenting-by-temperament interactions. Finally, 
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associations between positive parenting and negative child outcomes8 were stronger at low 
levels of Effortful Control (Table 4), in line with organismic-specificity and person-process-
context-time models. 

 Sensitivity analyses via the trim and fill procedure showed that in most cases, either no 
studies needed to be imputed, or the adjusted mean effect size remained significant, suggesting 
that these results are robust to potential publication bias9. Two noteworthy exceptions entail 
moderation by Negative Emotionality: Adjusted associations between positive parenting 
and positive child outcomes and between negative parenting and positive child outcomes 
were similar at low and high levels of Negative Emotionality. To summarize, Surgency and 
Effortful Control do not consistently moderate associations between parenting and child 
adjustment; in the few instances they do, the pattern of moderation supports diathesis-
stress or organismic-specificity and person-process-context-time models. In contrast, 
Difficult Temperament and Negative Emotionality appear to function as susceptibility 
markers, moderating associations between parenting and child adjustment in line with the 
differential susceptibility hypothesis. However, results for Negative Emotionality should be 
interpreted with caution, because they are not confirmed by sensitivity analyses.

Random effects Models
Results for random effects models show essentially the same estimates of mean effect sizes 
and their associated significance levels as fixed effects models10. However, the confidence 
intervals around each effect size become somewhat larger. As a result, some of the differences 
between simple slopes estimated at low and high values of Difficult Temperament (negative-
negative association), Negative Emotionality (positive-negative association), and Surgency 
(negative-negative association) as reported in Table 4 are no longer significant when using 
random effects models.

8 In our study, all simple slopes are in the ‘expected’ direction, that is: Positive parenting – positive child 
adjustment refers to a positive association; Negative parenting – negative child adjustment refers to a 
positive association; Positive parenting – negative child adjustment refers to a negative associations; 
Negative parenting – positive child adjustment refers to a negative association. For brevity, we chose to omit 
explicitly stating the direction of effects for every single association, and instead, use the short description 
provided in this footnote. 

9 See Appendix 2 for adjusted effect sizes and funnel plots using the trim and fill method.
10 Results are reported in Appendix 3.
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Moderator Analyses: When do Parenting-by-Temperament Interactions Occur?
Moderator analyses focused on outcome domain, age at temperament assessment, 
and Parenting assessment method. Moderator variables were not strongly interrelated; 
multicollinearity is therefore not an issue. The Q-statistics as well as I2 (the percentage 
of the total variation in effect sizes that is due to between studies differences, Higgins & 
Thompson, 2002) revealed the mean effect size distributions to be heterogeneous11. Hence, 
moderators were analyzed to establish under which circumstances temperament-by-
parenting interactions would support differential susceptibility most strongly, or whether 
they would support other models at certain levels of a moderator. Given the small number 
of studies for each category of a moderator, these results should be interpreted with caution. 
We only tested for moderation when there was a minimum of 3 studies at each level of a 
moderator. In some cases, too few observations existed to test for moderation, as indicated 
by ‘-’ in Table 5. 
 Table 5 further presents the Qbetween statistics that test whether the simple slopes 
(estimated at low and high levels of temperament traits) are moderated by any of the 
moderator variables. If this was the case, we recomputed the simple slopes, split by level of 
the moderator (e.g., simple slopes for children younger than 1 year and simple slopes for 
children older than 1 year; following Van IJzendoorn et al., 2012). As a follow-up analysis, 
within each level of the moderator we then tested the difference between simple slopes 
estimated at low and at high values of temperament, using an overlapping confidence 
intervals test. This way, we could establish whether parenting-by-temperament interactions 
occur at each level of the moderator. The results of these follow-up analyses are presented 
in Figures 2 to 5. 

Difficult Temperament
Outcome domain

Negative outcomes: Internalizing versus Externalizing problems
Simple slopes for the positive-negative association were moderated by outcome domain 
(Table 5). Associations between positive parenting and externalizing problems were 
stronger at high levels of Difficult Temperament, whereas associations between positive 
parenting and internalizing problems were did not depend on Difficult Temperament 
(Figure 2, panel A). 

Positive outcomes: Social versus Cognitive competence
Simple slopes for the positive-positive association were moderated by outcome domain. 
Associations of positive parenting with social competence as well as cognitive competence 
were stronger for children with a more Difficult Temperament.
11 Exact statistics are reported in Appendix 4.
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Table 5 Qbetween Statistics Testing Moderation of Simple Slopes by Outcome Domain, Age at 
Temperament Assessment, and Parenting Assessment Method

Negative-
Negativeb

Positive-
Positivec

Negative-
Positivec

Positive-
Negativeb

Moderator Qbetween (df) Qbetween (df) Qbetween (df) Qbetween (df)

Difficult Temperament

Outcome domain (Ext vs. Intb or Soc vs. Cogc)

   low Difficult Temperament - 7.82**(1) - 1.26(1)

   high Difficult Temperament - 23.31***(1) - 11.70***(1)

Age at temperament assessment (< 1 vs. > 1)

   low Difficult Temperament 0.80(1) 7.94**(1) - 3.78(1)

   high Difficult Temperament 1.84(1) 10.22**(1) - 12.85***(1)

Negative Emotionality

Outcome domain (Ext vs. Intb or Soc vs. Cogc)

   low Negative Emotionality 2.12(1) 4.16*(1)a 17.85***(1) 0.02(1)

   high Negative Emotionality 0.94(1) 31.21***(1) 4.24*(1)a 0.03(1)

Age at temperament assessment (< 1 vs. > 1)

   low Negative Emotionality 1.82(1) 9.35**(1) 45.04***(1) 7.52**(1)

   high Negative Emotionality 14.29***(1) 0.49(1) 7.02**(1) 2.79(1)

Parenting assessment method (Q vs. O)

   low Negative Emotionality 0.01(1) 13.06***(1) - 2.54(1)

   high Negative Emotionality 5.80*(1) 6.70**(1) - 2.09(1)

Surgency

Outcome domain (Ext vs. Intb or Soc vs. Cogc)

   low Surgency 0.01(1) 10.68**(1) - 2.40(1)

   high Surgency 0.70(1) 0.75(1) - 2.81(1)

Parenting assessment method (Q vs. O)

   low Surgency 0.89(1) 9.08**(1) 4.33*(1)a -

   high Surgency 0.05(1) 2.65(1) 0.00(1) -

Effortful Control

Outcome domain (Ext vs. Intb or Soc vs. Cogc)

   low Effortful Control 62.44***(1) - - 1.86(1)

   high Effortful Control 41.72***(1) - - 1.70(1)

Parenting assessment method (Q vs. O)

   low Effortful Control 129.34***(1) - - 2.54(1)

   high Effortful Control 100.84***(1) - - 2.09(1)
Note. Negative-Negative = association between negative parenting and negative child adjustment; Positive-Positive = 
association between positive parenting and positive child adjustment; Negative-Positive = association between negative 
parenting and positive child adjustment; Positive-Negative = association between positive parenting and negative 
child adjustment. Ext = externalizing problems, Int = internalizing problems, Soc = social competence, Cog = cognitive 
competence, < 1 = younger than 1 year, > 1 = older than 1 year, Q = questionnaire, O = observation. Qbetween is the 
variance accounted for by the moderator variable. Qwithin is the residual variability in effect sizes, and is significant for 
the majority of effect size distributions. Qwithin statistics are reported in Appendix 5. Values in parentheses are degrees of 
freedom. Too few observations to test for moderation (< 3 per level of the moderator) are indicated with -.
aAccording to the FDR procedure this Qbetween is not significant. 
*** p < .001 ; ** p < .01 ; * p < .05.
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Age at temperament assessment
Simple slopes for the negative-negative association did not depend on age, while simple 
slopes for the positive-positive and positive-negative associations did (Table 5). Associations 
between negative parenting and negative child adjustment were stronger for children with 
a more Difficult Temperament, regardless of when their temperament was assessed (Figure 
2, panel B). Associations between positive parenting and positive child adjustment were 
stronger for children with a more Difficult Temperament when their temperament was 
assessed before age 1, but also when it was assessed after age 1. The same was true for 
associations between positive parenting and negative child adjustment. 

Negative Emotionality
Outcome domain

Negative outcomes: Internalizing versus Externalizing problems
Simple slopes for the negative-negative and positive-negative associations did not depend 
on outcome domain (Table 5). Thus, associations of both negative and positive parenting 
with negative child adjustment were stronger for children higher on Negative Emotionality, 
regardless of outcome domain (Figure 3, panel A). Positive outcomes: Social versus Cognitive 
competence. Simple slopes for the positive-positive and negative-positive associations 
were moderated by outcome domain. Associations between positive parenting and social 
competence did not depend on Negative Emotionality, whereas associations between 
positive parenting and cognitive competence were stronger at high levels of Negative 
Emotionality. Associations of negative parenting with social competence as well as with 
cognitive competence were stronger for children higher on Negative Emotionality.

Age at temperament assessment
Simple slopes for all associations between parenting and child adjustment were moderated 
by age (Table 5). Associations between negative parenting and negative child adjustment as 
well as between positive parenting and positive child adjustment were stronger for children 
higher on Negative Emotionality, but only when their temperament was assessed before age 
1 (Figure 3, panel B). In contrast, associations between negative parenting and positive child 
adjustment and between positive parenting and negative child adjustment were stronger for 
children higher on Negative Emotionality, but only when their temperament was assessed 
after age 1.
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Figure 2. Moderation of parenting-by-Difficult Temperament interactions: Combined effect sizes for associations 
between parenting and child outcomes, estimated at low (mean – standard deviation) and high (mean + standard 
deviation) values of Difficult Temperament. 
Panel A. Moderation by outcome domain. Panel B. Moderation by age at temperament assessment. 
Note. Differences between effect sizes for low and high Difficult Temperament were tested using overlapping 
confidence intervals tests, adjusted for the dependent two-sample case (Afshartous & Preston, 2010). Neg-
Neg = association between negative parenting and negative child adjustment; Pos-Pos = association between 
positive parenting and positive child adjustment; Neg-Pos = association between negative parenting and positive 
child adjustment; Pos-Neg = association between positive parenting and negative child adjustment. Moderation 
was not tested if there were too few observations (< 3) per level of the moderator. k = number of samples; n.s. 
= not significant. 
*** p < .001; * p < .05
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Figure 3. Moderation of parenting-by-Negative Emotionality interactions: Combined effect sizes for associations 
between parenting and child outcomes, estimated at low (mean – standard deviation) and high (mean + standard 
deviation) values of Negative Emotionality.  
Panel A. Moderation by outcome domain. Panel B. Moderation by age at temperament assessment. Panel C. 
Moderation by parenting assessment method.
Note. Differences between effect sizes for low and high Negative Emotionality were tested using overlapping 
confidence intervals tests, adjusted for the dependent two-sample case (Afshartous & Preston, 2010). Neg-
Neg = association between negative parenting and negative child adjustment; Pos-Pos = association between 
positive parenting and positive child adjustment; Neg-Pos = association between negative parenting and positive 
child adjustment; Pos-Neg = association between positive parenting and negative child adjustment. Moderation 
was not tested if there were too few observations (< 3) per level of the moderator. k = number of samples; n.s. 
= not significant. 
*** p < .001; ** p< .01; * p < .05
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Parenting assessment method
Simple slopes for the negative-negative and positive-positive associations were moderated 
by method, while simple slopes for the positive-negative association were not (Table 5). 
Associations between negative parenting and negative parenting were stronger for children 
high on Negative Emotionality when parenting was assessed using observations, but not 
when parenting was assessed using questionnaires (Figure 3, panel C). Associations between 
positive parenting and positive child adjustment were similar for children low and high 
on Negative Emotionality, both when using questionnaires  and when using observations. 
Associations between positive parenting and negative child adjustment were stronger for 
children higher on Negative Emotionality, regardless of parenting assessment method. 

Surgency
Outcome domain

Negative outcomes: Internalizing versus Externalizing problems
Simple slopes for the negative-negative and positive-negative associations did not depend 
on outcome domain (Table 5). 

Positive outcomes: Social versus Cognitive competence. 
Simple slopes for the positive-positive association were moderated by outcome domain. 
Associations between positive parenting and social competence did not depend on 
Surgency, whereas associations between positive parenting and cognitive competence were 
stronger at low levels of Surgency (Figure 4, panel A).

Parenting assessment method
Simple slopes for the negative-negative and negative-positive associations did not depend on 
method, while simple slopes for the positive-positive association did (Table 5). Associations 
between positive parenting and positive child adjustment were similar for children low and 
high on Surgency, both when using questionnaires and when using observations to assess 
parenting (Figure 4, panel B).

Effortful Control
Outcome domain
Simple slopes for the negative-negative association were moderated by outcome domain, 
while simple slopes for the positive-negative association were not (Table 5). Associations 
between negative parenting and externalizing problems were stronger for children low 
on Effortful Control, whereas associations between negative parenting and internalizing 
problems were similar for children low and high on Effortful Control (Figure 5, panel A). 
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Associations between positive parenting and negative child adjustment were stronger for 
children low on Effortful Control regardless of outcome domain. 
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Figure 4. Panel A. Moderation of parenting-by-Surgency interactions: Combined effect sizes for associations 
between parenting and child outcomes, estimated at low (mean – standard deviation) and high (mean + 
standard deviation) values of Surgency. 
Panel A. Moderation by outcome domain. Panel B. Moderation by parenting assessment method.
Note. Differences between effect sizes for low and high Surgency were tested using overlapping confidence 
intervals tests, adjusted for the dependent two-sample case (Afshartous & Preston, 2010). Neg-Neg = association 
between negative parenting and negative child adjustment; Pos-Pos = association between positive parenting 
and positive child adjustment; Neg-Pos = association between negative parenting and positive child adjustment; 
Pos-Neg = association between positive parenting and negative child adjustment. Moderation was not tested if 
there were too few observations (< 3) per level of the moderator. k = number of samples; n.s. = not significant. 
*** p < .001; * p < .05

Parenting assessment method
Simple slopes for the negative-negative association were moderated by method, while 
simple slopes for the positive-negative association were not (Table 5). Associations between 
negative parenting and negative parenting were stronger for children low on Effortful 
Control when parenting was assessed using observations, but not when parenting was 
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assessed using questionnaires (Figure 5, panel B). Associations between positive parenting 
and positive child adjustment were stronger for children low on Effortful Control, regardless 
of parenting assessment method.
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Figure 5. Moderation of parenting-by-Effortful Control interactions: Combined effect sizes for associations 
between parenting and child outcomes, estimated at low (mean – standard deviation) and high (mean + 
standard deviation) values of Effortful Control. 
Panel A. Moderation by outcome domain. Panel B. Moderation by parenting assessment method.
Note. Differences between effect sizes for low and high Effortful Control were tested using overlapping 
confidence intervals tests, adjusted for the dependent two-sample case (Afshartous & Preston, 2010). Neg-
Neg = association between negative parenting and negative child adjustment; Pos-Pos = association between 
positive parenting and positive child adjustment; Neg-Pos = association between negative parenting and positive 
child adjustment; Pos-Neg = association between positive parenting and negative child adjustment. Moderation 
was not tested if there were too few observations (< 3) per level of the moderator. k = number of samples; n.s. 
= not significant. 
*** p < .001; * p < .05
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Discussion

Research examining parenting-by-temperament interactions is blossoming. With half of 
the studies in this meta-analysis being published in 2010 or later —following the previous 
narrative review on differential susceptibility in this journal (Belsky & Pluess, 2009)— it 
is clear that variation in sensitivity to parenting is a hot topic. In this meta-analysis we 
take stock, summarizing the empirical evidence to date for various models of individual 
differences in sensitivity to parenting depending on child temperament in a systematic way. 
That is, we examined whether children vary in their sensitivity to parenting, both for better 
and for worse, depending on their levels of Negative Emotionality, Surgency, Effortful 
Control, and Difficult Temperament. 
 We found that children with a more Difficult Temperament and children higher on 
Negative Emotionality (compared to those with an easier temperament or lower on 
Negative Emotionality) were more vulnerable to negative parenting, but also profited more 
from positive parenting, supporting the differential susceptibility hypothesis. Associations 
between positive parenting and positive child adjustment were comparable in strength 
compared to associations between negative parenting and negative child adjustment, 
suggesting that effects on the ‘positive side’ are by no means weaker than effects on the 
‘negative side’. However, results pertaining to Negative Emotionality were not robust 
to sensitivity analyses that take into account potential publication bias. In addition, 
most associations between parenting and child adjustment were small in size, differing 
approximately .05 to .10 between children scoring low and high on a trait. The differences in 
susceptibility found as a function of children’s Difficult Temperament were found regardless 
of when their temperament was assessed, while differences in susceptibility found as a 
function of children’s Negative Emotionality were only present when this trait was assessed 
during infancy. These differences in susceptibility were expressed in externalizing behavior, 
internalizing behavior, social competence, and cognitive competence. As to other traits, 
associations between parenting and child adjustment were generally similar regardless of 
children’s levels of Surgency and Effortful Control. The two exceptions to this were that 
associations between positive parenting and cognitive competence were stronger at low 
levels of Surgency, and that associations between positive parenting and negative child 
adjustment were stronger at low levels of Effortful Control. Finally, although parenting-by-
temperament interactions were found when using questionnaires as well as observations to 
assess parenting, they seemed more pronounced when using observations. 

Difficult Temperament, Surgency, and Effortful Control
Difficult Temperament moderated associations between parenting and child adjustment, 
‘for better and for worse’. Difficult Temperament therefore appeared as a susceptibility 
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marker, consistent with previous research (Belsky & Pluess, 2009; Ellis et al., 2011). However, 
children low on Difficult Temperament also seemed to be affected by parenting, albeit less 
so than children high on Difficult Temperament. Hence, findings are more consistent with 
the “weak” version of differential susceptibility than with the “strong” version (Belsky, 
Pluess, & Widaman, 2013). 
 Although Difficult Temperament has frequently been suggested to mark differences in 
susceptibility, because of its broad nature it has been hard to pinpoint which aspects of it 
exactly mark differences in susceptibility. We therefore examined Difficult Temperament 
in general as well as three more specific traits. Our results show that neither Surgency nor 
Effortful Control in and of themselves moderated associations between parenting and child 
behavior in a manner consistent with the differential susceptibility model, while Negative 
Emotionality did. That Difficult Temperament moderated associations between parenting 
and child behavior ‘for better and for worse’ is therefore most likely driven by the “Negative 
Emotionality” component of Difficult Temperament.
 Before we continue with our discussion of Negative Emotionality, we first briefly discuss 
findings related to Surgency and Effortful Control. Regarding Surgency, we explored 
whether this trait would interact with parenting in predicting child adjustment, although 
we did not specify which model of individual differences in sensitivity the findings would 
support. Results were inconclusive, with some findings pointing to low Surgency as a 
vulnerability marker, supporting diathesis-stress, and other findings suggesting Surgency 
does not moderate associations between parenting and child adjustment. Still, Surgency is 
a broad construct and it consists of multiple aspects, such as activity, impulsivity, sociability, 
and sensation seeking (Putnam et al., 2001). Future studies will need to test whether our 
conclusions with respect to Surgency also hold when a larger number of studies is available 
and a more detailed distinction can be made between different aspects of Surgency. For 
now, this meta-analysis suggests that Surgency as a broad construct does not consistently 
moderate associations between parenting and child adjustment, and therefore does not 
support any of the models for individual differences in environmental sensitivity. 
 Effortful Control only moderated associations between positive parenting and negative 
child adjustment; these associations were stronger for children lower on Effortful Control, 
in line with previous studies (Kiff, Lengua, & Bush, 2011; Slagt, Dubas, & van Aken, 2016, 
Thompson, Roemer, & Leadbeater, 2015). Thus Effortful Control did not consistently 
moderate associations between parenting and child adjustment; in the instance that it did, 
the pattern of moderation did not support differential susceptibility, diathesis-stress, or 
vantage sensitivity models. Instead, interactions with Effortful Control best fitted models 
of individual differences in environmental sensitivity that make broad predictions, such as 
organismic-specificity and person-process-context-time.
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Negative Emotionality as a Susceptibility Marker
Negative Emotionality moderated associations between parenting and child adjustment, 
and it tended to do so ‘for better and for worse’, supporting our hypotheses. Negative 
Emotionality emerged as a susceptibility marker consistent with the “weak” version of 
differential susceptibility, and consistent with previous research pointing to this trait as a 
marker of individual differences in susceptibility (Belsky & Pluess, 2009; Belsky, Pluess, & 
Widaman, 2013; Ellis et al., 2011). Higher levels of Negative Emotionality were associated 
with increased susceptibility to negative parenting predicting negative child adjustment 
and positive child adjustment, but also with increased susceptibility to positive parenting, 
predicting positive child adjustment (though marginally) and negative child adjustment. 
Thus, the very quality that appears to be a frailty in children may also be their strength, 
given a supportive parenting context (Boyce & Ellis, 2005). 
 It should be noted that the results pointing to Negative Emotionality as a general 
susceptibility marker were not robust to the effects of potential publication bias, and should 
therefore be interpreted with caution. At the same time, the trim and fill method used to 
assess the effects of publication bias has some drawbacks itself. The trim and fill method 
assumes that there should be a symmetric funnel plot, and that the reason for any asymmetry 
is publication bias, both of which are not necessarily true (Peters, Sutton, Jones, Abrams, & 
Rushton, 2007). Moreover, the method performs poorly in the presence of between-study 
heterogeneity (Peters et al., 2007; Terrin, Schmid, Lau, & Olkin, 2003). The adjusted effect 
size estimates resulting from trim and fill analyses should therefore be interpreted with 
caution. All in all, our meta-analytic results pointing to Negative Emotionality as a general 
susceptibility marker await consolidation by future research.
 Following these results, at least two additional issues are relevant to address in 
future research. First, with meta-analyses now showing that susceptible children can be 
characterized by certain genotypes (Bakermans-Kranenburg & van IJzendoorn, 2011; van 
IJzendoorn et al., 2012) as well as by high Difficult Temperament / Negative Emotionality, 
the question that begs to be answered is whether researchers have been identifying the 
same susceptible children using these different susceptibility markers. It is possible that 
susceptibility markers at different levels (genotypic, physiological, and temperamental) are 
mechanisms of one another (Moore & Depue, 2015). In effect, a proximal susceptibility 
marker such as Difficult Temperament / Negative Emotionality can be a mechanism of 
another susceptibility marker measured at a more distal (physiological or genotypic) level 
in predicting developmental susceptibility (Ellis et al., 2011). In that case researchers 
have been studying the same susceptible children using different markers. It is equally 
possible though, that Difficult Temperament / Negative Emotionality operates differently 
from genotypic markers. For instance, some children could be highly susceptible from 
the moment they are conceived (recognizable, for instance, by genotypic markers), others 
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develop into highly susceptible children because of the environment in which they find 
themselves (recognizable, for instance, by heightened levels of stress reactivity), and yet 
others are highly susceptible due to a combination of both, which might be reflected in 
temperament. In that case researchers using different markers have been studying different 
subgroups of susceptible children. 
 To find out whether Difficult Temperament / Negative Emotionality is a mechanism 
of genetic markers or whether it operates differently from genetic markers, it would be 
important to examine to what extent genotypes and Difficult Temperament / Negative 
emotionality are related. So far, studies have found mixed results in testing the link between 
the serotonin transporter gene and Negative Emotionality, tentatively concluding that 
the short promotor variant is related to higher Negative Emotionality (Savitz & Ramesar, 
2004). Genotypes related to lower serotonin transport and uptake might, through 
heightened amygdala activity, contribute to heightened emotional reactivity, including 
negative emotionality (Costafreda, Brammer, David, & Fu, 2008; Hyde, 2015; Murphy et 
al., 2013; Weeland, Overbeek, Orobio de Castro, Matthys, 2015). These findings suggest 
the serotonin transporter gene and Negative Emotionality could be part of the same chain 
leading to increased susceptibility. For dopamine-related genes this is less likely to be the 
case. While the long- and 7-repeat allele of the DRD4 gene have been related to increased 
susceptibility, they have been related to decreased Negative Emotionality and unrelated to 
temperamental reactivity in general (Auerbach et al., 1999; Bakermans-Kranenburg & van 
IJzendoorn, 2011; Pappa, Mileva-Seitz, Bakermans-Kranenburg, Tiemeier, van IJzendoorn, 
2015). Instead, dopamine-related genes may be more likely to operate via novelty-seeking, 
a specific trait related to Surgency which was rarely assessed in the studies included in 
this meta-analysis (Savitz & Ramesar, 2004). Thus, dopamine-related genes and Negative 
Emotionality likely operate differently in relation to susceptibility. 
 Second, is Difficult Temperament / Negative Emotionality merely a marker of 
susceptibility, or is it a cause as well? That is, do high levels of Difficult Temperament / 
Negative Emotionality and susceptibility just ‘happen’ to coincide, or does Difficult 
Temperament / Negative Emotionality actually aid in making children more susceptible? 
The first case would occur, for instance, when susceptible children, due to their 
hypothesized highly sensitive nervous system (Aron et al., 2012), are simply more likely 
to experience their environment as overstimulating, leading them to display higher levels 
of Negative Emotionality as infants. In this case, it is not Negative Emotionality per se, but 
qualities associated with Negative Emotionality during infancy that make children more 
susceptible. The second case would occur when Negative Emotionality itself increases 
children’s susceptibility to environmental cues, making it more than just a marker, but also 
a cause of susceptibility. At this stage, the precise role of Difficult Temperament / Negative 
Emotionality in relation to heightened susceptibility is yet to be clarified.
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 In sum, it will be important to start linking different levels of analysis, and clarify 
the pathways linking genes, neurobiology, and temperament markers of environmental 
sensitivity to developmental outcomes. Neurobiological reactivity likely underlies Difficult 
Temperament / Negative Emotionality, and multiple neurotransmitter systems, including 
dopamine and serotonin, likely play a part in increasing sensitivity (Ellis et al., 2011; Moore 
& Depue, 2015). Another key challenge to the environmental sensitivity area is to identify 
the full range of sensitivity factors beyond Negative Emotionality-related traits. As noted 
by Belsky and Pluess (2009), Difficult Temperament / Negative Emotionality may have 
received disproportionate emphasis due to the preponderance of studies concerned with 
negative developmental outcomes. Our results represent the current state of knowledge, 
and thoughtful investigation of other relevant temperament traits in addition to Difficult 
Temperament / Negative Emotionality is encouraged, to further specify which traits are 
related to differences in susceptibly. 

Outcome Domain of Child Adjustment as a Moderator
Differences in susceptibility as a function of Difficult Temperament and Negative 
Emotionality were reflected in externalizing behavior, internalizing behavior, social 
competence, and in cognitive competence. This is in line with previous research that 
found evidence for differential susceptibility with respect to cognitive-academic, social as 
well as behavioral functioning (Pluess & Belsky, 2010b; Roisman et al., 2012). Our results 
tentatively support differences in susceptibility as being domain-general, although more 
research is needed to fully embrace this notion. 
 While differential susceptibility effects depending on Difficult Temperament and 
Negative Emotionality seemed largely domain-general with respect to outcomes, some 
of the differential effects of Surgency and Effortful Control were domain-specific. For 
children low on Surgency, positive parenting predicted cognitive competence, but not 
social competence (for similar findings, see Karrass & Braungart-Rieker, 2003). Further, 
for children low on Effortful Control negative parenting was related to internalizing, but 
especially externalizing problems. These findings concur with previous research showing 
that low Effortful Control is associated with increased sensitivity to socialization effects 
on externalizing problems (de Haan et al., 2010; Pitzer et al., 2011; Slagt, Dubas, & van 
Aken, 2016). In predicting social and cognitive adjustment, the number of observations 
did not allow for testing moderation by outcome domain. However, previous research has 
suggested that high, instead of low, Effortful Control is associated with increased sensitivity 
to socialization effects on cognitive development in particular (e.g., Halpern et al., 2001). 
Perhaps then, individual differences in sensitivity to parenting depending on Effortful 
Control are domain-specific. 
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Age at Temperament Assessment as a Moderator
Children high on Difficult Temperament were more susceptible to negative as well as 
positive parenting regardless of when their temperament was assessed. However, children 
high on Negative Emotionality were more susceptible ‘for better and for worse’ only when 
their temperament was assessed during infancy. These findings tentatively support our 
hypothesis that differential susceptibility would be more pronounced when temperament 
is assessed during infancy. Based on these results, two scenarios are possible. First, it could 
be that susceptible individuals remain susceptible throughout their lives, but Negative 
Emotionality no longer picks up on differences in susceptibility if measured after infancy. 
Second, it could be that a window of plasticity exists for susceptible individuals, where 
susceptibility peaks during certain sensitive periods in life, and is lower otherwise.  
 Arguing for the first scenario are findings demonstrating that while Negative 
Emotionality is partly a heritable trait (Buss & Plomin, 1984, Rhee et al., 2012), it is also 
shaped by experience (Bergman et al., 2008; Blandon et al., 2010; Pluess, Belsky, Way, & 
Taylor, 2010). Belsky and Pluess (2013b) suggest that it might be important to distinguish 
between Negative Emotionality that is innate and stable and Negative Emotionality that 
reflects an experience-induced reaction to overstimulation by the environment. It is this last 
form of Negative Emotionality that is thought to mark increased susceptibility to both harsh 
and supportive environments. Susceptible children, compared to less susceptible children, 
may be more easily overwhelmed by environmental stimuli, and especially when they are 
infants, negative emotionality may be a common reaction to such overstimulation (Aron 
& Aron, 1997; Aron et al., 2012). In fact, what might be underlying this form of Negative 
Emotionality, is a highly sensitivity nervous system, manifested in the personality trait of 
sensory processing sensitivity. However, this form of Negative Emotionality would exist 
mainly at younger ages, because susceptible children who are highly negatively reactive to 
their environments as infants may learn to regulate their Negative Emotionality as they get 
older (Eisenberg et al., 1996; Eisenberg, Spinrad, & Eggum, 2010; Rothbart & Bates, 2006). 
Moreover, children’s displays of Negative Emotionality become less pronounced over the 
years if they are frequently exposed to a supportive environment (Blandon et al., 2010). 
Those children that do continue to score high on Negative Emotionality when they are 
older are likely the ones for whom Negative Emotionality is an innate and stable trait. They 
may be unlikely to profit from positive experiences so strongly that they excel over their less 
negatively emotional peers (as evidenced by our results showing that associations between 
positive parenting and positive child adjustment were no longer stronger for children high 
on Negative Emotionality when temperament was assessed later during childhood). To 
tease apart how Negative Emotionality and sensory processing sensitivity relate to increased 
susceptibility among infants and children, studies comparing these two traits would be 
valuable (see Pluess et al., 2016).
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 Arguing for the second scenario is research supporting the existence of a window 
of plasticity, where child development is most susceptible to environmental influences 
during the early years of life, when biological systems are being laid down (e.g., Ganzel 
& Morris, 2011; Simpson, Griskevicius, Kuo, Sung, & Collins, 2012). As an example, 
during infancy maternal insensitivity was associated with early externalizing behavior in 
a for better and for worse manner, among children with at least one DRD4 7-repeat allele. 
During kindergarten, insensitivity predicted externalizing independent of DRD4 genotype 
(Windhorst et al., 2015). In spite of this, other studies have found support for differential 
susceptibility among adults, studying traits more closely related to a thorough processing 
of information, including sensory processing sensitivity and openness to experience (Aron, 
Aron, & Davies, 2005; Slagt, Dubas, Denissen, Deković, & van Aken, 2015). Moreover, 
results from the current meta-analysis suggest children high on Difficult Temperament 
to be more susceptible to negative as well as positive parenting regardless of when their 
temperament was assessed. Support for differential susceptibility has also been found 
among adults when studying genetic susceptibility markers (e.g., Bakermans-Kranenburg, 
van IJzendoorn, Caspers, & Philibert, 2011; Manuck, Craig, Flory, Halder, & Ferrel, 2011; 
Pluess et al., 2010; Sturge-Apple, Cicchetti, Davies, & Suor, 2012). Thus, more research 
needs to be done before we can answer the question of whether those who are susceptible 
to their environment early in life remain so later in life, and what the best markers are for 
susceptibility across different ages. 
 One complication in this discussion is that while associations most relevant to 
testing differential susceptibility (those between negative parenting and negative child 
adjustment and between positive parenting and positive child adjustment) depended 
on Negative Emotionality assessed before age 1, other associations (between negative 
parenting and positive child adjustment and between positive parenting and negative child 
adjustment) depended on Negative Emotionality assessed after age 1. Thus, when studying 
the development of individual differences in plasticity, the type of association between 
parenting and child adjustment being moderated may turn out to matter. 

Method Used to Assess Parenting as a Moderator
In line with our hypotheses, differences in sensitivity to negative and positive parenting 
depending on temperament traits were found when using questionnaires as well as 
observations, but were somewhat more pronounced when parenting was assessed using 
observations. These findings concur with previous research showing genetic moderation of 
environmental stress to be stronger in studies that used objective or structured interview 
measures than in studies that used questionnaire measures (Uher & McGuffin, 2010; Karg 
et al., 2011). Self-reported questionnaires have been shown to be prone to biases, such as 
current mood and social desirability (Monroe, 2008; Schwarz, 1999). Thus, differences in 
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self-reported parenting might not only reflect differences in actual parenting behaviors, but 
also differences in the extent to which parents were affected by these biases at the time of their 
reporting. This might compromise the power of self-reported parenting as a predictor of 
child behavior, as variation in self-reported parenting does not perfectly map onto variation 
in actual parenting. Researchers have indeed emphasized that a more reliable measurement 
of the environment (i.e., a higher correlation between observed and true score) corresponds 
to a substantial increase in power to detect interaction effects (Whisman & McClelland, 
2005; Wong, Day, Luan, & Wareham, 2003). Thus, when assessing individual differences in 
sensitivity to parenting, it is important to measure parenting behaviors in a way that maps 
on to actual parenting behaviors as closely as possible. 

Strengths and Limitations
The current meta-analysis is the first to study whether children vary in their sensitivity to 
parenting depending on their temperament traits. Several scholars have reviewed empirical 
evidence for the differential susceptibility hypothesis in a narrative way (Belsky, 2005; 
Belsky & Pluess, 2009; Ellis et al., 2011; Pluess & Belsky 2010a), and two meta-analyses have 
examined differences in susceptibility depending on the serotonin-transporter gene and on 
dopamine-related genes (Bakermans-Kranenburg & van IJzendoorn, 2011; van IJzendoorn 
et al., 2012). With this meta-analysis we provide a systematic and quantitative summary of 
several models of individual differences in environmental sensitivity, including differential 
susceptibility; based on this, we offer potential future directions for the study of individual 
differences in environmental sensitivity. We focused on longitudinal and experimental 
studies, which, in contrast to cross-sectional studies, are able to capture how parenting 
differentially predicts child adjustment. Moreover, this meta-analysis is methodologically 
innovative, being among the first to present a way to meta-analyze interaction effects between 
continuous variables. However, despite these overarching strengths, four limitations should 
be considered when interpreting the results.
 First, to be able to tell differential susceptibility, diathesis-stress and vantage 
sensitivity apart from each other, a focus on the full range, from negative to positive, of 
both environments and outcomes is needed. Many individual studies on parenting-by-
temperament interactions, however, do not meet this requirement; they focus on a restricted 
range of environments, on a restricted range of developmental outcomes, or both (Pluess 
et al., 2013). This holds true for the studies included in our meta-analysis as well: Many 
included studies examined only the association on the negative side or only the association 
on the positive side. Therefore, children that were susceptible to negative parenting and 
children that were susceptible to positive parenting did not necessarily stem from the same 
study sample. 
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 Second, the differential susceptibility hypothesis postulates that the same children that are 
most adversely affected by harsh and low-quality parenting can benefit disproportionately 
from supportive and high-quality parenting. To test this claim, studies would not only need 
to include measures of parenting and child adjustment ranging from negative to positive, but 
they would also need to employ a within-person design, subsequently exposing individuals 
to negative and positive changes in their environment. None of the studies in this meta-
analysis do this. One promising way to test hypotheses about differential susceptibility 
within individuals would be to use intervention studies (van IJzendoorn & Bakermans-
Kranenburg, 2012). While it is clearly unethical to assign individuals to conditions of 
adversity, future research could use micromanipulations of the environment, so-called 
micro- or nanotrials (van IJzendoorn & Bakermans-Kranenburg, 2015). Examples of such 
micromanipulations are positive and negative feedback, or exposure to happy and angry 
faces (Kamins & Dweck, 1999; Weeland et al., 2015). 
 Third, evocative rGE processes constitute a potential confound in testing the moderating 
role of temperament on associations between parenting and child development (Knafo & 
Jaffee, 2013). For instance, children higher on Negative Emotionality, because of the very 
nature of their temperament, will likely elicit certain parenting behaviors. Depending on the 
parent, these could be harsh parenting behaviors —because parents find it difficult to deal 
with their children’s Negative Emotionality—, or supportive parenting behaviors —because 
parents recognize that children high in Negative Emotionality will need additional support. 
Thus, children are not just sensitive to environments depending on their temperament; 
their temperament also changes that environment, which may in turn depend on the 
characteristics of that environment (Oppenheimer, Hankin, Jenness, Young, & Smolen, 
2013). Previous research on differences in sensitivity has failed to tease apart these different 
roles of temperament (moderating and evocative), leading to a possible overestimation 
of the moderating role of temperament on associations between parenting and child 
adjustment. Even though we focused on longitudinal studies where parenting predicted 
child adjustment, such rGE processes can only be ruled out using intervention studies, or 
they can be teased apart by longitudinal studies that assess parenting, temperament and 
outcomes repeatedly while testing for moderating effects of temperament and bidirectional 
associations between temperament and parenting within the same model.
 Fourth, our results were mostly obtained using the fixed effect model. Conclusions 
obtained using a fixed effect model, however, cannot automatically be generalized to studies 
not included in the meta-analysis (Borenstein et al., 2010). While a random effects model 
allows for generalization of the results to other studies (e.g., future studies that are not yet 
published), when the number of effect sizes in an analysis is small, it becomes difficult to 
reliably estimate the between-studies variance in effect sizes. Moreover, power becomes 
very low —as low as .20, assuming k = 10 studies that show a large degree of heterogeneity 
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(Valentine, Pigott, & Rothstein, 2010). In such cases a fixed effect model is a good alternative 
(Borenstein et al., 2010). Based on the fixed effect model, our results provide a summary 
of the current state of the literature, and spark new insights for theories of individual 
differences in environmental sensitivity.

Conclusion

Several models of individual differences in environmental sensitivity exist (see Table 1), and 
in this meta-analysis we evaluated the support for these models. Our findings partly support 
the differential susceptibility model, with children with a more Difficult Temperament 
and, to some extent, children higher on Negative Emotionality, being more susceptible to 
parenting, for better and for worse. We found timing to be an important consideration 
in examining differential susceptibility; high Negative Emotionality during infancy was 
associated with increased susceptibility to parenting ‘for better and for worse’, whereas 
high Negative Emotionality later in childhood was not. In contrast, the way Surgency, and 
Effortful control qualify associations between parenting and child adjustment, seems more 
consistent with other models of individual differences in environmental sensitivity. Finally, 
the results emphasize the importance of a high-quality assessment of children’s environment 
(i.e., reducing measurement error and bias) in examining individual differences in 
environmental sensitivity.  
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Table A2.3 Combined Effect Sizes of Simple Slopes (X => Y), Estimated at Different Values of 
Temperament Traits, According to Trim and Fill Analyses

Negative-Negative Positive-Positive

Temperament trait knew rold rnew
Overlapping 
CI test newa knew rold rnew

Overlapping 
CI test newa

Difficult Temperament

low value of trait 11 .15*** - 8 .17*** .19*** [.171, .206]*

high value of trait 11 .17*** - 8 .27*** .25*** [.233, .268]

Negative Emotionality

low value of trait 31 .12*** .15*** [.137, .161]* 13 .10*** .09*** [.068, .110]    

high value of trait 31 .16*** .17*** [.162, .186] 13 .14*** .11*** [.085, .126] 

Surgency

low value of trait 18 .12*** .14*** [.134, .148]* 13 .03* .01 [-.013, .032] 

high value of trait 18 .10*** - [.094, .109] 13 .03 .00 [-.018, .027] 

Effortful Control

low value of trait 13 .16*** - 5 .24*** -

high value of trait 13 .16*** - 5 .24*** -

Negative-Positive Positive-Negative

Temperament trait rold rnew
Overlapping 
CI test newa knew rold rnew

Overlapping 
CI test newa

Difficult Temperament

low value of trait - - 16 -.02 -.04* [-.052, -.015]*

high value of trait - - 16 -.12*** -.10*** [-.117, -.081]

Negative Emotionality

low value of trait -.13*** -.26*** [-.294, -.236]   36 -.05*** - [-.054, -.040]*

high value of trait -.23*** -.22*** [-.252, -.182] 36 -.07*** -.08*** [-.084, -.071]

Surgency

low value of trait -.03 - 23 -.13*** -.15*** [-.157, -.140]

high value of trait -.01 - 23 -.13*** -.16*** [-.168, -.152]

Effortful Control

low value of trait - - 18 -.14*** -.20*** [-.210, -.180]*

high value of trait - - 18 -.04* - [-.055, -.020]
Note. Negative-Negative = association between negative parenting and negative child adjustment; Positive-
Positive = association between positive parenting and positive child adjustment; Negative-Positive = association 
between negative parenting and positive child adjustment; Positive-Negative = association between positive 
parenting and negative child adjustment. k = number of samples (if < 3, no effect size is calculated); r = correlation 
coefficient; CI = confidence interval; Low value = mean – standard deviation; High value = mean + standard 
deviation; old = original effect sizes calculated using fixed effects model; new = adjusted effect sizes calculated 
using trim and fill procedure, only calculated if missing studies were detected (see Table A2.1). 
a Adjusted for the dependent two-sample case (Afshartous & Preston, 2010). Intervals that do not overlap 
indicate that simple slopes at low and high levels of a trait are significantly different (p < .05, as indicated by * 
after intervals)
*** p < .001; ** p < .01; * p < .05; † p < .10
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Funnel Plots, Adjusted Using the Trim and Fill Procedure 
Combined Effect Sizes of Parenting-by-Temperament Interaction Effects (X*Z => Y) 
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Combined Eff ect Sizes of Simple Slopes (X => Y), Esti mated at Low Values of 
Temperament Traits
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Combined Eff ect Sizes of Simple Slopes (X => Y), Esti mated at High Values of 
Temperament Traits
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Appendix 4: Q-statistics and I2

The Q-statistics as well as I2 (the percentage of the total variation in effect sizes that is 
due to between studies differences, Higgins & Thompson, 2002) revealed the mean effect 
size distributions to be heterogeneous. This was true for associations between parenting 
and child adjustment estimated at low as well as at high levels of Difficult Temperament 
(for effect sizes pertaining to negative-negative, estimated at low levels and high levels of 
Difficult Temperament: Q (10) = 131.83, p < .001, I2 = 92% and Q (10) = 135.23, p < .001, I2 
= 93%, respectively; for effect sizes pertaining to positive-positive, estimated at low levels 
and high levels of Difficult Temperament: Q (7) = 19.36, p < .01, I2 = 64% and Q (7) = 58.31, 
p < .001, I2 = 88%, respectively; for effect sizes pertaining to positive-negative, estimated 
at low levels and high levels of Difficult Temperament: Q (15) = 31.01, p < .01, I2 = 52% and 
Q (15) = 66.74, p < .001, I2 = 78%, respectively), when looking at low and high levels of 
Negative Emotionality (for effect sizes pertaining to negative-negative, estimated at low 
levels and high levels of Negative Emotionality: Q (30) = 115.15, p < .001, I2 = 74% and Q 
(30) = 143.53, p < .001, I2 = 79%, respectively; for effect sizes pertaining to positive-positive, 
estimated at low levels and high levels of Negative Emotionality: Q (12) = 40.18, p < .001, 
I2 = 70% and Q (12) = 102.50, p < .001, I2 = 88%, respectively; for effect sizes pertaining 
to negative-positive, estimated at low levels and high levels of Negative Emotionality: Q 
(8) = 85.80, p < .001, I2 = 91% and Q (8) = 44.03, p < .001, I2 = 82%, respectively; for effect 
sizes pertaining to positive-negative, estimated at low levels and high levels of Negative 
Emotionality: Q (35) = 93.18, p < .001, I2 = 62% and Q (35) = 80.06, p < .001, I2 = 56%, 
respectively), when looking at low and high levels of Surgency (for effect sizes pertaining 
to negative-negative, estimated at low levels and high levels of Surgency: Q (17) = 50.55, 
p < .001, I2 = 66% and Q (17) = 41.72, p < .001, I2 = 59%, respectively; for effect sizes 
pertaining to positive-positive, estimated at low levels and high levels of Surgency: Q (12) 
= 34.90, p < .001, I2 = 66% and Q (12) = 19.07, p = .09, I2 = 37%, respectively; for effect sizes 
pertaining to negative-positive, estimated at low levels and high levels of Surgency: Q (5) 
= 5.68, p = .34, I2 = 12% and Q (5) = 14.43, p = .01, I2 = 65%, respectively; for effect sizes 
pertaining to positive-negative, estimated at low levels and high levels of Surgency: Q (22) 
= 132.32, p < .001, I2 = 83% and Q (22) = 101.58, p < .001, I2 = 78%, respectively), and when 
looking at low and high levels of Effortful Control (for effect sizes pertaining to negative-
negative, estimated at low levels and high levels of Effortful Control: Q (12) = 487.55, 
p < .001, I2 = 98% and Q (12) = 424.91, p < .001, I2 = 97%, respectively; for effect sizes 
pertaining to positive-negative, estimated at low levels and high levels of Effortful Control: 
Q (17) = 108.20, p < .001, I2 = 84% and Q (17) = 14.08, p = .66, I2 = 0%, respectively).
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Appendix 5: Qwithin Statistics

Table A5.1. Qwithin Statistics Testing Moderation of Simple Slopes by Outcome Domain, Age at 
Temperament Assessment, and Parenting Assessment Method

Negative-
Negative

Positive-
Positive

Negative-
Positive

Positive-
Negative

Moderator Qwithin (df) Qwithin (df) Qwithin (df) Qwithin (df)

Difficult Temperament

Outcome domain (Ext vs. Int or Soc vs. Cog)

   low Difficult Temperament - 31.03***(9) - 23.34*(13)

   high Difficult Temperament - 104.92***(9) - 55.39***(13)

Age at temperament assessment (< 1 vs. > 1)

   low Difficult Temperament 131.03***(9) 11.42(6) - 27.22*(14)

   high Difficult Temperament 133.39***(9) 48.09***(6) - 53.89***(14)

Negative Emotionality

Outcome domain (Ext vs. Int or Soc vs. Cog)

   low Negative Emotionality 176.73***(39) 36.02***(11) 67.95***(7) 133.78***(40)

   high Negative Emotionality 237.88***(39) 71.29***(11) 39.79***(7) 138.83***(40)

Age at temperament assessment (< 1 vs. > 1)

   low Negative Emotionality 113.34***(29) 30.84**(11) 40.76***(7) 90.10***(34)

   high Negative Emotionality 129.24***(29) 102.02***(11) 37.01***(7) 81.45***(34)

Parenting assessment method (Q vs. O)

   low Negative Emotionality 114.91***(28) 27.13**(11) - 76.81***(30)

   high Negative Emotionality 135.97***(28) 95.80***(11) - 73.65***(30)

Surgency

Outcome domain (Ext vs. Int or Soc vs. Cog)

   low Surgency 63.83***(20) 24.22*(11) - 131.95***(23)

   high Surgency 56.30***(20) 18.32(11) - 102.10***(23)

Parenting assessment method (Q vs. O)

   low Surgency 49.24***(15) 25.82**(11) 1.36(4) -

   high Surgency 41.47***(15) 16.41(11) 14.43**(4) -

Effortful Control

Outcome domain (Ext vs. Int or Soc vs. Cog)

   low Effortful Control 1447.07***(14) - - 138.50***(19)

   high Effortful Control 1441.27***(14) - - 60.76***(19)

Parenting assessment method (Q vs. O)

   low Effortful Control 358.21***(11) - - 76.81***(30)

   high Effortful Control 324.07***(11) - - 73.65***(3)
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Note. Negative-Negative = association between negative parenting and negative child adjustment; Positive-
Positive = association between positive parenting and positive child adjustment; Negative-Positive = association 
between negative parenting and positive child adjustment; Positive-Negative = association between positive 
parenting and negative child adjustment. Ext = externalizing problems, Int = internalizing problems, Soc = social 
competence, Cog = cognitive competence, < 1 = younger than 1 year, > 1 = older than 1 year, Q = questionnaire, O 
= observation. Qbetween is the variance accounted for by the moderator variable, and is reported in the main body 
of the article. Qwithin is the residual variability in effect sizes. Values in parentheses are degrees of freedom. Too 
few observations to test for moderation (< 3 per level of the moderator) are indicated with -.
*** p < .001 ; ** p < .01 ; * p < .05.
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Abstract

Differential susceptibility theory proposes that a subset of individuals exist who display 
enhanced susceptibility to both negative (risk-promoting) and positive (development-
enhancing) environments. This experiment represents the first attempt to directly test 
this assumption, by exposing children in the experimental group to both negative and 
positive feedback using puppet role plays. It thereby serves as an empirical test as well as a 
methodological primer for testing differential susceptibility. Dutch children (N=190, 45.3% 
girls) between the ages of 4 and 6 participated. We examined whether negative and positive 
feedback would differentially affect changes in positive and negative affect, prosocial and 
antisocial intentions and behavior, depending on children’s negative emotionality. Results 
show that upon hearing negative feedback, children in the experimental group increased in 
negative affect and decreased in positive affect more strongly than children in the control 
group. Upon hearing positive feedback, children in the experimental group tended to 
increase in positive affect and decrease in prosocial behavior. However, changes in response 
to negative or positive feedback did not depend on children’s negative emotionality. 
Moreover, using reliable change scores, we found support for a subset of ‘vulnerable’ 
children, but not for a subset of ‘susceptible’ children. The findings offer suggestions to 
guide future differential susceptibility experiments. 

Keywords: diathesis-stress, differential susceptibility, experiment, person-by-environment 
interactions, temperament
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Introduction

Differential susceptibility theory suggests that children vary in their general susceptibility 
to environmental influences, with some being more strongly affected than others by both 
negative (risk-promoting) and positive (development-enhancing) experiences (Belsky, 
1997a, 2005; Belsky, Bakermans-Kranenburg, & van IJzendoorn, 2007; Boyce et al., 1995; 
Boyce & Ellis, 2005; Ellis, Boyce, Belsky, Bakermans-Kranenburg, & van IJzendoorn, 2011). 
Thus, the very characteristics that make children disproportionately vulnerable to negative 
experiences might also make them disproportionately likely to benefit from positive 
experiences, and vice versa (“for better and for worse”). Past research has not been able to 
directly test this key assumption, however, because participants in differential susceptibility 
studies have not been exposed, experimentally, to both negative and positive environmental 
conditions. The resulting lacuna presents a challenge to differential susceptibility theory 
because, if the assumption of “for better and for worse” was falsified, a central assumption 
of the theoretical framework would be called into question. Using an experimental 
research design, the current study was designed to test this assumption by exposing the 
same individuals to both negative and positive social contexts. The study introduces a new 
and powerful way to test for differential susceptibility, thus serving as an empirical test of 
differential susceptibility as well as a methodological primer. 
 The differential susceptibility model differs from the traditional diathesis-stress model 
(Zuckerman, 1999). Whereas the latter emphasizes the disproportionate vulnerability to 
negative environments of some individuals, the former highlights the disproportionate 
susceptibility to both the negative effects of harsh environments and the beneficial effects 
of supportive environments in the same individuals. Differences in susceptibility are 
hypothesized to have lasting impact on children, with susceptible children experiencing 
sustained developmental change (for better or for worse) based on the environment they 
encounter (Ellis et al., 2011). It is important to recognize that our experiment was designed, 
instead, to test short-term reactions to minor changes in the environment, i.e., differential 
reactivity. Whether reactivity also implies developmental susceptibility, and vice versa, 
is an open question (Stamps, 2016). However, given the need to manipulate children’s 
environment for better and for worse, a focus on reactivity instead of susceptibility was 
ethically preferable. The strength of experiments like these lies in providing a ‘test of 
principle’. 
 To investigate which children are more or less susceptible, previous studies have tested 
genotypic variations, physiological reactivity, and temperament traits as indicators of 
differences in susceptibility. Following early research on differential susceptibility (Belsky, 
1997b; 2005; Belksy, Hsieh, & Crnic, 1998), in this study we focused on temperament traits 
as markers of susceptibility. Correlational studies suggest that children higher on negative 
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emotionality (defined as the tendency to be easily distressed, Rothbart, Ahadi, Hershey, & 
Fisher, 2001) are more susceptible to parenting and other environmental influences (for 
reviews, see Belsky & Pluess, 2009; Ellis et al., 2011; Pluess & Belsky, 2010a; Slagt, Dubas, 
Deković, & van Aken, 2016). Compared to their counterparts lower on negative emotionality, 
these children showed more behavior problems and lower social and academic adjustment 
when parenting quality was low, and less behavior problems and better adjustment when 
parenting quality was high (e.g., Roisman et al., 2012). 

Experimental Tests of Differential Susceptibility
Although correlational studies have provided support for differential susceptibility, 
experimental evidence for differential susceptibility remains limited (Ellis et al., 2011; 
van IJzendoorn & Bakermans-Kranenburg, 2012). Experimental tests of differential 
susceptibility studies have several advantages over correlational studies (van IJzendoorn 
& Bakermans-Kranenburg, 2012; Bakermans-Kranenburg & van IJzendoorn, 2015). First, 
in correlational studies, children’s environment (E) and their score on the susceptibility 
marker (P) can be correlated: Child characteristics can evoke parenting (evocative rPE), 
children with certain characteristics can seek out certain environments (active rPE), and 
characteristics shared by parents and their children can underlie associations between 
parenting and child development (passive rPE) (Rutter, 2006). Further, environmental 
conditions can shape susceptibility factors (Boyce & Ellis, 2005; Del Guidice, Ellis, & 
Shirtcliff, 2011). In experimental studies, the environment is manipulated in standard 
ways and randomization of participants to conditions breaks down the possibility of 
rPE. Second, experimental studies prevent the oftentimes highly skewed distributions of 
environmental measures, by manipulating the environment and having similar numbers 
of participants in each environmental condition. Third, manipulation of the environment 
creates standardized, clear and targeted measures of environmental stimuli. Such measures 
decrease “noise” in the assessment of environmental stimuli and increase the power to 
detect interactions if present. In sum, experimental examination of differential susceptibility 
affords the most solid basis for causal inference.
 To date, a handful of experimental studies —all macrotrials studying developmental 
susceptibility instead of reactivity— have shown that children high on negative emotionality 
might be more susceptible to broad parenting interventions. Two of these studies found 
that infants high on negative emotionality profited more from experimentally-induced 
increases in supportive parenting than less negative infants, as evidenced by their increased 
attachment security (Cassidy, Woodhouse, Sherman, Stupica, & Lejuez, 2011; Klein 
Velderman, Bakermans-Kranenburg, Juffer, & van IJzendoorn, 2006). Others showed that 
children high on negative emotionality profited disproportionately from experimentally-
induced increases in supportive parenting, as evidenced by their decreased internalizing 
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and externalizing problems and increased cognitive functioning (Blair, 2002; Scott & 
O’Connor, 2012). Finally, a quasi-experiment showed that girls higher on sensory-processing 
sensitivity, compared to those low on this trait, benefitted more from an intervention aimed 
at reducing depression (Pluess & Boniwell, 2015). 

The Next Step in Differential Susceptibility Experiments
The studies discussed above testify to the progress being made in experimentally testing 
differential susceptibility. Nevertheless, experimental studies to date have examined 
only positive changes in parenting, and, for clear ethical reasons, did not look at the 
experimentally-induced effects of negative changes in parenting. Two solutions have been 
suggested to test this (Ellis et al., 2011). First, animal models could be used to conduct 
experiments involving both positive and negative changes in the environment of the same 
subjects (see for instance Suomi, 1997). Second, experimentally induced changes in the 
microenvironment of the same individuals (that is, minor stimuli in an individual’s immediate 
surroundings), both for better and for worse, could be used. These “nanotrials” examine the 
immediate neural or behavioral responses to a small range of positive and negative stimuli 
(van IJzendoorn & Bakermans-Kranenburg, 2015, p.153), and, strictly speaking, test for 
differential reactivity instead of susceptibility. For example, one study used an attention bias 
modification procedure to train one group of children to pay attention to negative pictures 
while training another group pay attention to positive pictures (Fox, Zougkou, Ridgewell, 
& Garner, 2011). Children with the low-expression form of the 5-HTTLPR gene developed 
stronger attention bias towards both negative and positive affective pictures than children 
with the high-expression form of the gene. In another study, children were questioned 
by either a supportive or a non-supportive interviewer (Quas, Bauer, & Boyce, 2004). 
Autonomic reactivity was associated with increased memory accuracy among children 
questioned in a supportive manner, but decreased accuracy among children questioned in 
a non-supportive manner. 
 Following these studies, the current experiment used a “nanotrial” approach. To provide 
a stringent test of “for better and for worse”, we manipulated children’s environment in two 
directions, simulating both positive and negative feedback from parents to their children 
using puppet role-play scenarios (Kamins & Dweck, 1999). Such experimentally induced 
changes in children’s microenvironment have proven effective in changing children’s 
emotions and behaviors at posttest (Kamins & Dweck, 1999; Zentall & Morris, 2010).
 Apart from mostly focusing on exposure to positive environments, previous intervention 
studies used between-groups designs. That is, children in the experimental group were 
exposed to one type of environment only. It could be, however, that some children are 
more susceptible to positive parenting and others more susceptible to negative parenting, 
which would oppose the idea that certain individuals are susceptible “for better and for 
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worse”. Within-person designs exposing the same children to both negative and positive 
changes in their microenvironments are needed to demonstrate that those who profit most 
from a positive change in the environment also react most to a negative change. To achieve 
this, we used a novel approach to testing differential susceptibility, combining a between-
groups design (i.e., experimental group and control group) with a within-person design. 
Children in the experimental group received two manipulations, namely positive feedback 
and negative feedback, while children in the control group received no feedback.
 In addition, previous intervention studies did not always assess child outcomes ranging 
from negative to positive. Predicting child outcomes with a restricted range, such as ranging 
from the presence to the absence of behavior problems, enables a test of only half of the 
“for better and for worse” interaction (Belsky et al., 2007; Roisman et al., 2012). It does not 
reveal whether highly susceptible children, for example, also show the highest levels of social 
competence or positive affect under supportive circumstances. We therefore assessed child 
outcomes ranging from negative (negative affect and antisocial intentions and behaviors) to 
positive (positive affect and prosocial intentions and behaviors). 
 Further, in none of the aforementioned experiments was random assignment to 
intervention and control groups stratified according to the susceptibility marker. In 
our study, children’s temperament was measured during a screening phase preceding 
the experiment. Children with low or high scores on either negative emotionality or 
surgency1 were selected for the experiment, because oversampling extreme scores on the 
susceptibility marker (both at the high and low ends) increases power to detect interaction 
effects (Preacher, Rucker, MacCallum, & Nicewander, 2005). In this way we ended up with 
four temperament groups: Children low on both dimensions, children high on negative 
emotionality and low on surgency, children low on negative emotionality and high on 
surgency, and children high on both dimensions. The selected children were then randomly 
assigned to an experimental or a control group, stratified according to their temperament 
group. 

Hypotheses
In sum, in this paper we introduce a new approach to testing differential susceptibility, by 
combining a between-groups experiment and a within-subjects design. Focusing on both 
negative and positive microenvironments and outcomes, the current study provides one 
of the first experimental tests of a true cross-over interaction. If predictions of differential 
susceptibility theory are correct and apply to situational reactivity, then children scoring 
higher on negative emotionality should show more pronounced changes in affect, intentions, 
and behavior when receiving positive as well as negative feedback. This offers a pioneering 
1 Initial selection of the sample took place based on both negative emotionality and surgency, and is discussed 

as such in the introduction and methods. However, because surgency as a susceptibility marker is not 
supported based on more recent literature (Slagt et al., 2016), we did not test for moderation by surgency. 
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test of the hypothesis that the same children who respond most strongly to negative changes 
in their environment also respond most strongly to positive changes.
 We hypothesized that children in the experimental group would increase in positive 
affect and prosocial intentions and behavior after the positive manipulation. Likewise, we 
hypothesized that children in the experimental group would increase in negative affect 
and antisocial intentions and behavior after the negative manipulation. We expected 
these changes to be stronger in the experimental group compared to the control group. 
Importantly, we hypothesized changes in outcome measures upon receiving feedback to 
be moderated by temperament group. If the predictions of differential susceptibility are 
correct, among children high on negative emotionality, receiving positive as well as negative 
feedback should produce more pronounced changes in outcomes, compared to their 
counterparts low on negative emotionality. 

Methods

Participants
Information about the study was distributed to parents of children in grades 1 and 2 at 
regular elementary schools in the province of Utrecht, the Netherlands. Parents could 
voluntarily sign their children up for the study at a website, where they gave active informed 
consent, filled out their contact information, and completed a short screening questionnaire 
inquiring after children’s negative emotionality and surgency. In this way, 280 children 
signed up for the study. The experiment was part of this larger longitudinal study.
 For the experiment we selected a subsample of 192 children on their low/high scores 
on negative emotionality and surgency (see measures section for a description of these 
scales), using an extreme group approach (Preacher et al., 2005). This way, a priori power 
to detect interactions between temperament group and change from pretest to posttest 
within the experimental group (N = 96; p < .05; comparison among four temperament 
groups; small to medium effect of f = .17) would be sufficient: >80% (Faul, Erdfelder, Lang, 
& Buchner, 2007). The children were selected by first splitting negative emotionality scores 
and surgency scores into three groups: the lowest 42%, the middle 16%, and the highest 
42%. Next, we made a cross table based on these two categorized temperament measures, 
which yielded four approximately equal-sized groups in the upper right, upper left, lower 
right, and lower left cells of the cross table, that together contained 192 children. Children 
in these cells —low on both negative emotionality and surgency (low-low), high on both 
negative emotionality and surgency (high-high), high on negative emotionality and low on 
surgency (high N), and low on negative emotionality and high on surgency (high S)— were 
selected for the experiment (see Appendix 1 for comparisons between the four groups). Two 
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of the families declined participation in the experiment and only wanted to take part in the 
questionnaire part of the study, leaving a final sample of 190 children for the experiment. 
Because only negative emotionality was tested as a susceptibility marker, the division into 
four temperament groups described above was only used during sample selection, and not 
during further analyses. Instead, for analyses, we combined the two temperament groups 
high on negative emotionality into a single high negative emotionality group and the two 
temperament groups low on negative emotionality into a single low negative emotionality 
group (see Appendix 1 for comparisons between the two groups). Because of the bimodal 
distribution of negative emotionality among the children participating in the experiment, 
we decided to create this dichotomous version of negative emotionality. This new grouping 
variable allowed us to examine the moderating effect of negative emotionality regardless of 
children’s level of surgency. 
 Participating children were boys (54.7%) and girls (45.3%) between the ages of 3.77 and 
6.14 years at the start of the study (M = 4.76, SD = 0.57). Most of the children (96.3%) were 
born in the Netherlands. Parents that completed the screening questionnaire were mothers 
(90%) and fathers (10%) between the ages of 25.29 and 51.92 years (M = 37.92, SD = 4.33). 
Most parents were born in the Netherlands (93.7%) and were married or cohabiting (94.7%). 
Parents were highly educated, with 5.3% having no high school diploma or having finished 
lower vocational education, 16.8% having finished intermediate vocational education, and 
77.9% having finished higher vocational education or university. Gross annual household 
income was less than the national mode (€35,000,-) for 4.7% of families, between 1 and 
1.5 times national mode for 12.1% of families, 1.5 to 2 times national mode for 30.5% of 
families, and more than 2 times the national mode for 38.4% of families (14.2% of families 
preferred not to report their income). Children participating in the experiment (N = 190) 
did not differ from children not participating in the experiment (N = 90) on child gender, 
parent gender, child age, parent age, country of birth child, country of birth parent, or 
marital status, education level, or income of parents, as indicated by χ2- and independent 
samples t-tests.

Procedure
Parents filled out a screening questionnaire, upon which children were randomly assigned 
to either the experimental condition or the control condition, stratified by temperament 
group (see Figure 1 for a graphical display of the research design). 
 The home visits during which the experiment took place occurred approximately four 
months later. Children were visited at home twice by an experimenter (the first author or 
a trained research assistant). The experimenter was blind to children’s temperament group 
status. During the first visit, the study was explained, after which observations of parent-
child interactions took place (not relevant for this paper). Next, children participated in 
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the first half of the experiment, consisting of a pretest, an experimental manipulation (for 
children in the experimental group), and a posttest. During the second visit, the second half 
of the experiment took place, again consisting of a pretest, an experimental manipulation 
(for children in the experimental group), and a posttest. Home visits were scheduled 
approximately two weeks apart, to prevent carry-over effects between visits. 

Study design

low N 
low S

high N 
low S

low N 
high S

PosttestControl 
group

(n = 93)

Pretest Pretest

high N 
high S

Posttest

Experi-
mental
group

(n = 97) Pretest

Posttest

Pretest Posttest

Visit 1 Visit 2

Positive / negative
feedback

Positive / negative
feedback

Screening

N = Negative emotionality
S = Surgency

(Counterbalanced)

Figure 1. Study design.

The manipulation consisted of role-play scenarios using puppets (Cimpian, Arce, Markman, 
& Dweck, 2007; Kamins & Dweck, 1999). Children chose a puppet to represent themselves 
and a puppet to represent their parent (puppets of both sexes were available). Children then 
used the child puppet to act out their part in the scenarios, while the experimenter handled 
the parent puppet and narrated the scenarios. After a short warm-up period during which 
children got the chance to practice role-playing with the puppets, the manipulation started. 
 The manipulation consisted of two scenarios per visit, acted out using the puppets. 
In each scenario, the parent puppet asked the child puppet to draw a different object (an 
apple, tree, cat, or bus). Small pencils were used as pretend crayons; no actual drawing or 
pictures were involved. In the experimental group, during one home visit, the child puppet 
successfully completed the requested drawing and received positive feedback from the 
parent puppet (“That looks like an apple/tree. You did a good job drawing, I’m very proud 
of you!” in each of the two scenarios). During another home visit, the child puppet made a 
mistake (omitting ears on a cat and wheels on a bus) and received negative feedback from 
the parent puppet (“That doesn’t look like a cat/bus; it doesn’t have any ears/wheels. You did 
a bad job drawing, I’m very disappointed in you!” in each of the two scenarios). The order 
of manipulations (positive feedback during visit one and negative feedback during visit two, 
or vice versa) was counterbalanced. For debriefing, the mistake scenarios were completed 
successfully at the end of the negative feedback visit.
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 In the control condition, children participated in a similar procedure. They were also 
visited at home twice, and role-played similar scenarios using puppets. The only crucial 
difference was that the child puppet received no feedback from the parent puppet in these 
scenarios. In the remainder of the manuscript, we refer to the visit during which children 
role-played apple- and tree scenarios as the ‘positive feedback visit’, and to the visit during 
which children role-played cat- and bus scenarios as the ‘negative feedback visit’.
 Pretend stories were used so that no judgments or criticism was given directly to the 
children, but the scenarios were vivid, so that all children would feel as though they were 
performing the task and receiving the feedback. The study procedure was approved by the 
faculty’s ethic committee. Children received a bubble blower at the end of the second visit 
to thank them for their participation.

Measures
Dependent measures were assessed at pre- and posttest of the two different visits, i.e., at 
four time points. 

Positive affect
Positive affect was assessed using a single item asking children ‘At this moment, do you 
feel happy or not?’ If children answered ‘happy’, they were then asked ‘How happy? Do you 
feel a little happy or very happy?’. The question was presented verbally, as well as supported 
visually by emoticons representing the emotion (Russel, 1990). Answers were scored as 1 = 
no, 2 = yes, a little, and 3 = yes, very.

Prosocial intentions
Prosocial intentions were measured using vignettes adopted from Rotenberg and Eisenberg 
(1997). Two vignettes were used, each involving the child and a same-sex peer. Line 
drawings were used to depict the stories. The stories described situations that would elicit 
prosocial intentions. One vignette involved Santa Claus visiting and bringing presents, but 
one child gets a present that is broken. The other vignette involved a child playing with its 
toys, and then the child accidently spills its drink over its toys. The complete wording of the 
Santa Claus vignette was as follows: “Santa Claus comes to visit and brings toys. This girl/
boys gets a present that is broken. See, her doll’s arm is broken (for a girl). See, his train is 
broken (for a boy). Imagine you’re there too. Look, you see the girl/boy with the broken 
doll/train.”. Children were then asked “What would you do?”. Children’s responses were 
coded verbatim. At each visit, one vignette was administered during pretest, and the other 
vignette during posttest (counterbalanced across sample). Preliminary analyses show that 
the order in which these two versions were administered did not affect results. 
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 Two independent coders who had not conducted home visits and who were blind to 
temperament- and experimental group status coded the verbatim answers on a 3-point scale 
(adapted from Vaish, Carpenter, & Tomasello, 2009): 2 = behaviors or verbal expressions 
meant to help or comfort the other child in the vignette (e.g., share own toys, ask an adult to 
mend the toy, comfort the other child, help to clean up); 1 = showing distress or attending to 
the situation (e.g., feeling sorry for the other child, wanting to help but not knowing how); 
0 = absence of prosocial intentions (e.g., shows no involvement or interest in the child in 
the vignette). To assess interrater reliability, 25% of the answers were coded by both coders. 
Interrater reliability was high, with Cohen’s kappa = .81, and interrater agreement = 93%. 

Prosocial behavior
Prosocial behavior was measured by a sharing task (Ianotti, 1985). Each child was given a 
choice of either M&Ms or raisins. Seven of the preferred items were given to the children 
while the experimenter indicated that they “could leave some for another child I’ll visit 
later.” Several options were presented (eating all, giving some, and giving all of the candy 
or raisins). The child was then left alone to put the candy in an envelope. The number of 
candies shared, between 0 and 7, was the prosocial behavior score.

Negative affect
Negative affect was assessed using three items asking children whether they felt angry, sad, 
or scared. All three items were formulated the same way (e.g., ‘At this moment, do you 
feel angry or not?’ If children answered ‘angry’, they were then asked ‘How angry? Do you 
feel a little angry or very angry?’). The questions were presented verbally, and visually by 
emoticons representing the relevant emotion (Russell, 1990). Answers were scored as 1 
= no, 2 = yes, a little, and 3 = yes, very. Ordinal factor analysis in Mplus supports a single 
factor structure of the three negative affect items at each of the four time points, with strong 
measurement invariance across time (χ2 (69) = 76.30, p = .26, CFI = .997, TLI = .997, RMSEA 
= .024). Factor loadings varied between .93 and .99, and the negative affect factor explained 
between 87% and 98% of the variance in the items at each time point. We therefore averaged 
the three negative affect items into a single negative affect score at each time point. Internal 
consistency was high, with ordinal coefficient alpha (Zumbo, Gaderman, & Zeisser, 2007) 
ranging from .96 to .97. 

Antisocial intentions
Antisocial intentions were measured using vignettes adopted from Murphy and Eisenberg 
(1997). Two vignettes were used, each involving the child and a same-sex peer. Line drawings 
were used to depict the stories. The stories described situations that would elicit antisocial 
intentions. One vignette involved the child wanting to play with a cool puzzle, but then 
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another child comes and takes the puzzle. The other vignette involved the child building 
a sand castle, but then another child runs past and steps on it, damaging the castle. The 
complete wording of the puzzle vignette was as follows: “You’re at school. In the corner of 
the classroom you spot a very cool puzzle. You really want to play with that puzzle. But then 
another boy/girl comes. The boy/girls takes the puzzle that you wanted, and starts playing 
with it.”. Children were then asked “What would you do?”. Children’s responses were coded 
verbatim by the experimenter. If children did not respond, or responded with “I don’t know”, 
the experimenter used prompts such as “Would you for instance say something angry, or 
would you not?”, “What then?”. At each visit, one vignette was administered during pretest, 
and the other vignette during posttest (counterbalanced). Preliminary analyses show that 
the order of administration did not affect results. 
 Two independent coders coded the verbatim answers on a 3-point scale: 2 = behaviors 
or verbal expressions that likely inflict physical or emotional pain onto the other child in the 
vignette (e.g., destroying something, hitting, aggressive language); 1= behaviors or verbal 
expressions that likely inflict light emotional pain onto the other child (e.g., becoming angry, 
trying to take the puzzle from the other child); 0 = absence of antisocial intentions (e.g., find 
something else to play with, rebuild the sand castle). To assess interrater reliability, 25% of 
the answers were coded by both coders. Interrater reliability was high, with Cohen’s kappa 
= .87, and interrater agreement = 96%. 

Antisocial behavior
Antisocial behavior was measured by an adaptation of the hot sauce paradigm and the 
sharing task2 (Ianotti, 1985; Lieberman, Solomon, Greenberg, & McGregor, 1999). Each 
child was presented with fourteen stickers, seven of which were intact, and seven of which 
were torn. The experimenter explicitly pointed out to the children that some of the stickers 
were intact and others were torn, and also mentioned that most children did not like torn 
stickers, but that most children did like intact stickers. Next, the experimenter indicated 
that the child “could choose seven stickers to give to another child I’ll visit later.” The child 
was told it did not get to keep the remaining seven stickers. The child was then left alone to 
put the stickers in an envelope. The number of torn stickers given to another child, between 
0 and 7, was the antisocial behavior score. Because children might be prone to testing effects 
if they have to do the same task twice during the same visit, we employed two versions of 
this task: One stickers, and one with intact and torn empty balloons. One was administered 
during pretest, and one during posttest (counterbalanced). Preliminary analyses show that 
administration order did not affect results. 

2 We based this task on existing tasks and adapted it to the age group used in our study. The new task used 
here correlates in the expected direction with other measures used in the study, specifically with negative 
affect and antisocial intentions (Table 2). 
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Temperament
Children’s temperament was assessed using the Children’s Behavior Questionnaire—Short 
From (Putnam & Rothbart, 2006; Rothbart et al., 2001). We measured Anger/frustration 
(“Has temper tantrums when s/he doesn’t get what s/he wants”), Soothability (“Is very 
difficult to soothe when s/he has become upset”), Fear (“Is afraid of burglars or the boogie 
man.”), Sadness (“Cries sadly when a favorite toy gets lost or broken”), Impulsivity (“Usually 
rushes into an activity without thinking about it”), Activity level (“Seems always in a big 
hurry to get from one place to another”), Approach (“Becomes very excited while planning 
for trips”), and High intensity pleasure (“Likes going down high slides or other adventurous 
activities”). Items could be answered on a 7-point scale ranging from 1 (extremely untrue of 
your child) to 7 (extremely true of your child), with higher scores indicating higher negative 
emotionality or surgency. A not applicable response option was also available. Scale scores 
were created by averaging applicable item scores. Following previous research (Rothbart 
et al., 2001), the Anger/frustration, reversed Soothability, Fear, and Sadness scales were 
then averaged into a Negative emotionality score (α = .82). The Impulsivity, Activity level, 
Approach, and High intensity pleasure scales were averaged into a Surgency score (α = .90). 

Analyses
Analyses were ran in Mplus 7.2 (Muthén & Muthén, 1998-2012). To answer our research 
questions, we needed to model within-person changes, as well as predict between-person 
variation in change between specific time points of interest, i.e., from pretest to posttest 
around the negative feedback manipulation and from pretest to posttest around the positive 
feedback manipulation. To this end we estimated latent change score models (McArdle, 
2009). 
 For each of the dependent variables (negative affect, positive affect, prosocial intentions, 
antisocial intentions, prosocial behavior, antisocial behavior) we first estimated an 
unconditional latent change score model (see Figure 2). In these models, changes from 
pretest to posttest at the two visits were represented by two latent change scores. The unit 
of these latent change scores is standardized unit change relative to the variability observed 
at the pretests.3 After having modelled change in the dependent measures for the sample 
as a whole, we proceeded to predict variation in latent change scores by experimental 
condition and temperament group. That is, we first checked whether random assignment 
was successful by regressing latent pretest scores on experimental condition (0 = control; 
1 = experimental). Then, to check whether the manipulation was successful, we regressed 
latent change scores on experimental condition. Next, we added main effects of negative 
emotionality (0 = low; 1 = high). Finally, to test whether experimentally induced changes in 

3 Observed posttest scores were converted to z-scores using the means and standard deviations from the 
corresponding pretest score for proper scaling.
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the dependent variables would be larger among children high on negative emotionality, we 
added interactions between negative emotionality and experimental condition. 

Latent change scores
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1 1
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Figure 2. Unconditional latent change score model. The model contains the following parameters: 
·	 The change from pretest to posttest at each visit (i.e., the latent change scores μΔ1 and μΔ2). These 

latent change scores are the parameters of interest that are predicted by experimental condition 
and temperament group in later models.

·	 The latent means at the pretest of each visit (μpre1 and μpre2)
·	 The variances of the latent pretest means (σ²pre1 and σ²pre2) and latent change scores (σ²Δ1 and σ²Δ2)
·	 The latent posttest score is a one-to-one function of both the latent pretest score and the latent 

change score (paths are fixed to 1 to achieve this). 
·	 The regression of the latent change scores on their corresponding pretest scores (β1 and β2), i.e., 

do children’s pretest scores predict how they respond to the experimental manipulation?
·	 The correlation between the two pretest scores (ρpre); i.e., are pretest scores at the two visits 

correlated?
·	 The correlation between the two latent change scores (ρΔ); i.e., is the way children respond to 

positive feedback related to how they respond to negative feedback?
·	 Errors (σ²E) are assumed to have a mean of 0, and to have variances that are equal across time 

(i.e., homoscedasticity).
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To estimate the latent change score models we used a Bayesian estimator, which has a 
better small-sample performance compared to maximum likelihood estimators and is well-
equipped to handle non-normally distributed data (Asparouhov & Muthén, 2010; Lee & 
Song, 2004; see van de Schoot et al., 2014 for an applied example). More information about 
the Bayesian estimation procedure, the interpretation of the statistics it yields, and the 
settings we used can be found in Appendix 2. 
 We re-estimated the models described in this section using ordinal regression analyses 
with N = 1000 bootstrap resamples. This yielded similar results as those described in the 
results section hereafter4. Finally, to control for inflation of Type I error rates we applied a 
False Discovery Rate (FDR) procedure (Benjamini & Hochberg, 1995). 

Results

Descriptive Results
Descriptive statistics of the dependent variables are displayed in Table 1, for both the 
experimental and the control group. All measures showed moderate to strong rank-order 
stability within and across the two visits (see Appendix 3). Correlations of dependent 
measures at pretest are presented in Table 2. The more negative affect children showed 
at pretest, the less positive affect they reported. In addition, children who reported more 
negative affect tended to display more antisocial behavior and antisocial intentions, and 
less prosocial behavior. Children’s positive affect was not related to their antisocial and 
prosocial behaviors and intentions. Children’s antisocial behavior and antisocial intentions 
were weakly associated with each other, whereas their prosocial behavior and prosocial 
intentions were unassociated. Finally, children who showed more antisocial intentions 
tended to show less prosocial behavior.

Unconditional Latent Change Score Models
To examine whether children varied in how much they changed from pre- to posttest, we 
first estimated unconditional latent change score models (see Figure 2). Each of the latent 
change scores showed significant variance, indicating that variation across children exists 
in how much they change from pretest to posttest (see Appendix 4 for fit statistics and 
parameter estimates of unconditional latent change score models). In subsequent models 
we tried to predict this variation by condition, temperament group, and their interaction.
 

4 Results are available from the first author upon request.
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Table 2 Correlations Between Measures at Pretest

1. 2. 3. 4. 5. 6. 7. 8.

1. Positive affect - .12 -.06 -.31*** .04 -.07 .03 .03
2. Prosocial intentions -.02 - -.02 -.06 .03 -.05 .02 .00
3. Prosocial behavior .01 -.04 - -.03 .03 -.07 .01 -.13
4. Negative affect -.16* -.20** .00 - .28*** .25*** -.11 .03
5. Antisocial intentions .04 -.00 -.20** .24** - .20** -.01 .09
6. Antisocial behavior -.06 .01 .02 .13 .12 - -.04 .02
7. Negative emotionality .02 .02 .01 -.09 -.09 .03 - .21**
8. Surgency .05 .01 -.00 .05 .11 .06 .21** -

Note. All correlations are Spearman rank correlations. Correlations below the diagonal refer to the pretest 
before positive feedback; correlations above the diagonal refer to the pretest before negative feedback. 
* p < .05; ** p < .01; *** p < .001

Random Assignment and Counterbalancing Check
To check whether random assignment was successful, we tested whether experimental 
condition predicted latent pretest means. No associations emerged between condition 
and children’s latent pretest scores (i.e., all of the 95% PPIs contained zero), indicating 
that random assignment was successful. Next, we examined whether counterbalancing of 
manipulation order affected the results. To this end we predicted latent change scores by 
condition, manipulation order (positive feedback – negative feedback, or vice versa), and 
their interaction. These analyses showed that the effect of experimental condition on latent 
change scores did not depend on manipulation order. 

Manipulation Check
To examine whether the manipulation had an effect on children, we predicted changes in 
dependent measures by experimental condition. This was done by adding regression paths 
from experimental condition to the latent change scores in each of the six unconditional 
models. The fit of the models predicting positive and negative affect improved by adding 
these paths (Positive affect: Δ Deviance Information Criterion (DIC) = -9.69, Δ Bayesian 
Information Criterion (BIC) = -5.27, Bayes factor =13.94; Negative affect: ΔDIC = -5.85, 
ΔBIC = -3.12, Bayes factor =4.76). In contrast, models predicting the other four outcomes 
did not improve by adding main effects of condition on latent change scores (Prosocial 
intentions: ΔDIC =2.99, ΔBIC =9.57, Bayes factor =0.01; Prosocial behavior: ΔDIC =1.06, 
ΔBIC =3.56, Bayes factor =0.17; Antisocial intentions: ΔDIC =3.25, ΔBIC =8.16, Bayes 
factor =0.02; Antisocial behavior: ΔDIC =0.41, ΔBIC =7.73, Bayes factor =0.02). Parameter 
estimates of these models are presented in Table 3. These show that children in the control 
group did not change on any of the dependent measures from pretest to posttest. Children 
in the experimental group, however, did change. 
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Specifically, upon hearing negative feedback, children in the experimental group increased 
in negative affect (0.61SD compared to the pretest), and decreased in positive affect (-0.61SD 
compared to the pretest), as indicated by their significant latent change scores (see Table 
3). Moreover, these changes were stronger in the experimental group than in the control 
group, as indicated by significant associations between condition and latent change scores. 
Whether children belonged to the experimental group or the control group explained 9.4% 
of the variance in changes in negative affect and 12.9% of the variance in changes in positive 
affect during the negative feedback visit. 
 Upon hearing positive feedback, children in the experimental group increased in positive 
affect and antisocial behavior and decreased in prosocial behavior, but these changes were 
no longer significant after controlling for multiple testing.  

Testing Differential Susceptibility
To test differential susceptibility theory we analyzed whether experimentally induced 
changes in outcome variables would be larger among children high on negative emotionality. 
Before adding interactions between negative emotionality and experimental condition, 
we first added main effects of negative emotionality to each model. Most of the models 
did not improve by adding main effects of negative emotionality on latent change scores 
(Positive affect: ΔDIC =3.06, ΔBIC =8.75, Bayes factor < 0.01; Prosocial intentions: ΔDIC 
=1.89, ΔBIC =8.59, Bayes factor = 0.01; Prosocial behavior: ΔDIC =1.22, ΔBIC =7.68, 
Bayes factor = 0.02; Antisocial intentions: ΔDIC =3.77, ΔBIC =7.74, Bayes factor = 0.02; 
Antisocial behavior: ΔDIC =3.13, ΔBIC =9.71, Bayes factor < 0.01). Only the fit of the 
model predicting negative affect improved slightly by adding these paths (Negative affect: 
ΔDIC = -8.83, ΔBIC = -1.81, Bayes factor =2.48). However, after controlling for Type I 
error, no associations emerged between negative emotionality and any of the latent change 
scores. That is, there were no main effects of children’s negative emotionality on changes in 
any of the dependent variables.  
 Next, we added interactions between negative emotionality and experimental condition 
(see Table 4). After controlling for multiple testing, we found no interaction effects, 
indicating that experimentally induced changes in dependent measures were similar across 
children low and high on negative emotionality. Thus, the extent to which children changed 
on dependent measures in response to positive and negative feedback, did not depend on 
their negative emotionality. 
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Table 4 Interaction effects of Experimental Condition * Negative Emotionality Group on Latent 
Change Scores

Dependent variable

Visit positive feedback Visit negative feedback

Estimate β (SD) 95% PPI Estimate β (SD) 95% PPI

Positive affect  0.03 (0.29) [-0.53, 0.60] -0.14 (0.31) [-0.75, 0.47]

Prosocial intentions  0.03 (0.24) [-0.43, 0.49]  0.08 (0.24) [-0.40, 0.56]

Prosocial behavior  0.04 (0.23) [-0.41, 0.50]  0.02 (0.22) [-0.42, 0.44]

Negative affect -0.12 (0.24) [-0.59, 0.36] -0.43 (0.35) [-1.11, 0.26]

Antisocial intentions -0.72 (0.25) [-1.21, -0.23]* a -0.47 (0.28) [-1.02, 0.08]

Antisocial behavior -0.01 (0.20) [-0.40, 0.39]  0.18 (0.22) [-0.25, 0.61]
a According to the FDR procedure this path is not significant. 
* Parameter estimate is significantly different from zero, that is, the 95% posterior probability interval (PPI) does 
not contain zero. 

Exploratory Follow-up Analyses
We did not find support for differential susceptibility theory in our main analyses, testing 
moderation by negative emotionality. To test the robustness of our results, we wanted to 
focus on within-person changes, regardless of children’s negative emotionality. Potentially, 
some children change in response to both negative and positive feedback (i.e., they are 
susceptible ‘for better and for worse’), but they do not score high on traditional susceptibility 
markers (e.g., negative emotionality, stress reactivity, or a certain genotype). To this end 
we calculated the reliable change index (Christensen & Mendoza, 1986) for children in 
the experimental group. Reliable change refers to change over time (e.g., from pretest to 
posttest) that is greater than would be expected from random variation alone. It is calculated 
by dividing the difference between the pretest and posttest scores by the standard error of 
the difference between the two scores. If the reliable change index is greater than |1.96|, the 
difference is said to be reliable.
 Because we had six dependent measures and responses to positive and negative feedback 
could potentially be expressed in different outcomes (e.g., increases in positive affect in 
response to positive feedback and increases in antisocial behavior in response to negative 
feedback), we focused on change in an aggregate score of the six dependent measures. 
That is, two observed change scores were first calculated: One reflected observed change 
in response to positive feedback (with positive scores denoting increases in positive affect, 
prosocial intentions, and prosocial behavior, and decreases in negative affect, antisocial 
intentions, and antisocial behavior, and negative scores denoting the opposite) and the other 
reflected observed change in response to negative feedback (with positive scores denoting 
increases in negative affect, antisocial intentions, and antisocial behavior, and decreases in 
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positive affect, prosocial intentions, and prosocial behavior, and negative scores denoting 
the opposite). Thus, the observed change scores were calculated in such a way that a positive 
score denoted a ‘change in the expected direction’ on one or more dependent measures, a 
score of zero denoted no change, and a negative score denoted a ‘change in the opposite 
direction from what was expected’. 
 Next, these observed change scores were converted to reliable change scores, reflecting 
meaningful, reliable change. We were interested in whether some children in the experimental 
group would display reliable change in the ‘expected direction’ in response to both positive 
feedback and negative feedback. Results are displayed in Table 5. Although there was a 
group of 10.31% who showed reliable change in the expected direction in response to 
negative feedback, this group did not show reliable change in response to positive feedback. 
Likewise, although 4.12% showed reliable change in the expected direction in response to 
positive feedback, this group did not show reliable change in response to negative feedback. 
We tested whether the observed distribution of reliable changers and non-changers differed 
from the expected random distribution (i.e., 2.5% decrease, 95% stable and 2.5% increase), 
using χ2-tests. The observed distribution did not differ from the expected distribution for 
reliable change in response to positive feedback, χ2(2) =1.21, p = .55, but it did for reliable 
change in response to negative feedback, χ2(2) =24.30, p < .001. In sum, using reliable 
change scores to examine within-person change, we found no support for a ‘susceptible’ 
group of children. Instead, we found a group of 10.31% of the children in the experimental 
group that were ‘vulnerable’ to negative feedback only. Differential susceptibility ‘for better 
and for worse’, therefore, was not supported by our data. 

Table 5 Reliable Change in Response to the Feedback Manipulations Within the Experimental Group 
(N = 97)

Reliable change in response to negative feedback

Reliable change 
in unexpected 
directiona

No reliable 
change

Reliable change 
in expected 
directionb

Reliable change in 
response to positive 
feedback

Reliable change in 
unexpected directionb

0.00% 3.09% 0.00%

No reliable change 2.06% 80.41% 10.31%

Reliable change in 
expected directiona

0.00% 4.12% 0.00%

a increases in positive affect, prosocial intentions, and/or prosocial behavior, and/or decreases in negative affect, 
antisocial intentions, and/or antisocial behavior
b increases in negative affect, antisocial intentions, and/or antisocial behavior, and/or decreases in positive 
affect, prosocial intentions, and/or prosocial behavior
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Discussion

A key assumption underlying differential susceptibility theory is that a subset of individuals 
exist who display enhanced susceptibility to both negative and positive environmental 
conditions. This study represents the first attempt to directly test this assumption, by 
exposing the same children to both negative and positive feedback using puppet role 
plays. Following calls by Ellis and colleagues (2011) and van IJzendoorn and Bakermans-
Kranenburg (2015), we introduce an experimental within-subjects design to test differential 
susceptibility, manipulating the micro-environment of children in the experimental 
group both ‘for better’ and ‘for worse’. This powerful method provides a closer test of the 
assumption of ‘for better and for worse’ than the between-subject designs that have been 
used to date.  
 The results show that upon hearing negative feedback, children in the experimental 
group increased in negative affect, and decreased in positive affect, and they did so more 
strongly than children in the control group, corroborating previous findings (Kamins & 
Dweck, 1999; Zentall & Morris, 2010). Upon hearing positive feedback, children in the 
experimental group increased in positive affect and decreased in prosocial behavior more 
strongly than children in the control group, although these findings disappeared after 
controlling for multiple testing. Crucially, the extent to which children in the experimental 
group changed in response to positive or negative feedback did not depend on their 
temperament: Children who scored high on negative emotionality did not respond more 
strongly to positive or negative feedback compared to their counterparts who scored low 
on this trait. In addition, while approximately 10% of the children in the experimental 
group changed reliably in response to negative feedback (‘vulnerable’ children), these same 
children did not change reliably in response to positive feedback. In sum, although we 
found support for a subset of ‘vulnerable’ children, we could not find support for a subset of 
‘susceptible’ children.
 The findings obtained in this study concur with some intervention studies that found 
no interaction effects (e.g., Andersson, 2013; Bockting, Mocking, Lok, Koeter, & Schene, 
2013). At the same time, our findings oppose findings from meta-analyses of studies using 
different designs, such as between-subjects interventions or correlational studies (Slagt, 
Dubas, Deković, & van Aken, 2016; van IJzendoorn & Bakermans-Kranenburg, 2015). We 
must acknowledge that this is the first study of its kind, directly testing ‘for better and for 
worse’ in the same children. At least two groups of explanations for our findings exist that 
need to be addressed in future research, before definitive conclusions can be drawn. The 
first pertains to the environmental stimuli that should be used and the second to the timing 
of differential susceptibility experiments. 

14356_Slagt_BW.indd   202 19-01-17   11:30



203 

Experimental Test of Susceptibility | Chapter 06 

06

Choosing Stimuli in Differential Susceptibility Experiments
Both the strength and the evolutionary relevance of environmental stimuli used to test 
susceptibility are important to consider. Administering feedback using puppet role play 
scenarios has been effective in previous studies (e.g., Cimpian et al. 2007; Kamins & 
Dweck, 1999), and in our study it was effective as well, changing children’s positive and 
negative affect. However, because of ethical concerns, we chose a fairly gentle manipulation. 
Although we exposed children to both negative and positive stimuli, these stimuli were 
not extreme and as such do not represent the ‘full’ range of environments. This may have 
limited the opportunity to find individual differences in responsiveness to both negative 
environments and to positive environments, and consequently, if they do exist, children 
who are responsive to both types of environments. Especially the positive manipulation 
yielded small main effects, that disappeared after controlling for multiple testing. Stronger 
environmental stimuli may be required before individual differences in responsiveness 
to the environment become apparent. This is also suggested by a recent meta-analysis on 
experimental tests of genetic susceptibility, which revealed that macrotrials showed more 
evidence of differential susceptibility than microtrials (van IJzendoorn & Bakermans-
Kranenburg, 2015). However, with stronger stimuli, especially negative stimuli, come 
ethical objections. The balance between the optimal strength of environmental exposure 
and ethical treatment of participants, therefore, remains a difficult one. 
 Not only the strength of environmental stimuli may matter, but also their evolutionary 
relevance, i.e., whether they convey information about potential threats or resources that 
affect survival chances. While positive and negative feedback are informative in general 
(because they convey information about the availability of social support), they were 
delivered within puppet role plays, narrated by the experimenter. Probably feedback 
delivered by parents in real life constitutes a more salient and relevant stimulus from an 
evolutionary perspective, and could lead to larger differences among children in how they 
would respond. Tentative support for this idea is provided by an fMRI study which showed 
that adults higher on sensory processing sensitivity processed information about close 
others’ emotions more thoroughly compared to information about strangers’ emotions 
(Acevedo et al., 2014). 
 Finally, effects of negative feedback were more persuasive than those of positive 
feedback. This may be a manifestation of the negativity bias, which refers to the well-
established phenomenon that something positive will generally have less of an impact 
on a person’s behavior and cognition than something equally emotional but negative 
(Baumeister, Bratslavsky, Finkenauer, & Vohs, 2001). Survival requires urgent attention to 
possible negative outcomes, but it is less urgent with regard to positive ones. In the extreme, 
negative events are more threatening than are positive events beneficial. Hence, it would be 
adaptive to be psychologically designed to respond to negative events more strongly than 
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to positive events. Future studies testing susceptibility to both negative and positive events 
within person could take this phenomenon into account by perhaps expecting a higher 
response threshold for positive compared to negative stimuli. 

Taking Into Account Time and Timing in Differential Susceptibility Experiments
When studying differential susceptibility, time is an important yet underappreciated 
consideration (Pluess, Stevens, & Belsky, 2013). On what time scale, and when during life 
do differences in susceptibility make themselves known? Differential susceptibility theory 
asserts that susceptible individuals should experience sustained developmental change in 
response to environmental exposures (Ellis et al., 2011; Pluess, 2015). This experiment tapped 
into ‘short-term’ reactivity. Whether reactivity also implies developmental susceptibility, 
and vice versa, is an open question (Stamps, 2016). The within-subject experimental design 
we used is suitable for examining reactivity, but is harder to apply to ontogenetic plasticity. 
Apart from ethical objections to exposing individuals to conditions that are so harsh they 
can have a lasting impact on development, carry-over effects would also become a serious 
problem. That is, if individuals, after prolonged exposure and adjustment to one type of 
environment, would suddenly find themselves in opposite environmental conditions, 
adjustment to these new conditions would likely be affected by the previous environment. 
Therefore, examining the notion of a subset of individuals who are susceptible to harsh as 
well as supportive conditions only seems possible when focusing on short-term change, and 
it is unclear how this relates to long-term change ‘for better and for worse’. 
 Further, children’s susceptibility at any given point in time may depend on their 
previously experienced environment (Boyce & Ellis, 2005; Ellis, Del Giudice, & Shirtcliff, 
2013). Specifically, an initial propensity for susceptibility ‘for better and for worse’ early in 
life may, for some children, develop into a biased susceptibility toward contextual adversity 
(i.e., vulnerability) or contextual support (i.e., vantage sensitivity) depending on specific 
environments encountered early in life (i.e., stress or support) (Pluess, 2015, see Cleveland 
et al., 2015 for an example). Translated to our experiment, repeated exposure to negative or 
positive parenting may make children more susceptible to either threatening or supportive 
cues in their environment, and as such more likely to respond to only one of the experimental 
manipulations. Alternatively, instead of increasing susceptibility, repeated exposure to 
extremely negative parenting might result in a blunted response to negative feedback, while 
repeated exposure to extremely supportive environments could render children indifferent 
to positive feedback. The latter may have occurred in our relatively well-functioning, high 
SES community sample. We found a group of children that responded especially strongly 
to negative feedback (perhaps because this was ‘out of the ordinary’ for them), but these 
children did not respond especially strongly to positive feedback (perhaps because this was 
nothing special for them). In testing short-term susceptibility to both negative and positive 
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stimuli, future research should try to take into account children’s previous parenting 
experiences, and include children from a wider range of socioeconomic backgrounds. 

Conclusion

Differential susceptibility theory proposes that a subset of individuals exists who display 
enhanced susceptibility to both negative (risk-promoting) and positive (development-
enhancing) environmental conditions. Exposing the same individuals to experimentally 
induced positive as well as negative changes in their micro-environment, we failed to 
find support for this assumption. However, because of the explanations for our findings 
described above, in particular the small manipulation effects, it would be premature to 
reject differential susceptibility theory based on this study. Instead, future research is 
needed to substantiate our findings. 
 Apart from being an empirical test of differential susceptibility, this manuscript 
serves as a methodological primer on how to test differential susceptibility. It introduces 
a new approach that is characterized by the manipulation of children’s environment ‘for 
better’ and ‘for worse’, using a within-person design. This enables a proper test of the idea 
that a subset of individuals would be generally susceptible (see Ellis et al., 2011). More 
broadly, an experimental design has been emphasized as a powerful way to test person-
by-environment interactions (Bakermans-Kranenburg & van IJzendoorn, 2015; van 
IJzendoorn & Bakermans-Kranenburg, 2012; 2015). Not only children’s environment 
(i.e., feedback), but also their response to this environment was sampled from positive as 
well as negative sides, enabling detection of potential cross-over interactions. In addition, 
random assignment to experimental conditions was stratified according to temperament 
scores, ruling out temperament – outcome associations as a possible confound (Belsky et 
al., 2007; Ellis et al., 2011). Finally, we used novel statistical techniques to test for differential 
susceptibility (latent change score models, reliable change indices), that directly get at 
within-person changes in response to both negative and positive environments and that fit 
the new research design we used. 
 Building on these strengths, this study provides two clear lessons that can guide future 
differential susceptibility research. First, within-subject designs that expose the same 
individuals to both negative and positive stimuli (nanotrials or microtrials), are crucial 
in testing differential susceptibility theory’s proposition that a subset of individuals will 
be susceptible ‘for better and for worse’. Although such designs are incapable of showing 
long-term developmental effects of susceptibility to social context, they are able to test 
whether, even within experimental, random-assignment designs, differential susceptibility 
is operable and consequential. Thus, such designs are needed to demonstrate proof of 
principle. 
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Second, despite the surge of interest in differential susceptibility theory in the past 
decade, we hardly know what characterizes susceptible individuals, if they exist. Are they 
developmentally susceptible, or also susceptible in the short term? Are they susceptible only 
early in life, or throughout life? (cf. Belsky & Pluess, 2013a; Windhorst et al., 2015). And 
finally, if susceptible individuals exist in any of the forms described above, what markers 
can best be used to identify them? Within-person experimental designs, provide a powerful 
tool to study these questions. 
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Appendix 1: Comparison Between Temperament Groups

Four temperament groups, for selection of sample
The four temperament groups did not differ on child gender, child age, or income level, 
education level, or marital status of parents. The four temperament groups did differ on 
their negative emotionality and surgency scores, as expected. The high-high and the high 
N groups scored higher on negative emotionality (M = 3.95, SD = 0.37 and M = 3.89, SD = 
0.47, respectively) compared to the high S and the low-low groups (M = 2.74, SD = 0.31 and 
M = 2.61, SD = 0.29, respectively; ps < .05, Cohen’s ds ranging from 2.79 to 4.02). Likewise, 
the high-high and the high S (M = 5.01, SD = 0.54 and M = 4.85, SD = 0.53, respectively) 
groups scored higher on surgency compared to the high N and the low-low groups (M = 
3.48, SD = 0.45 and M = 3.22, SD = 0.44, respectively; ps < .05, Cohen’s ds ranging from 
2.82 to 3.57). 

Two temperament groups, for analyses
The two temperament groups did not differ on child gender, child age, or income level, 
education level, or marital status of parents. The two temperament groups did differ on 
their negative emotionality scores, as expected. The high negative emotionality group 
scored higher on negative emotionality (M = 3.92, SD = 0.43) compared to the low negative 
emotionality group (M = 2.67, SD = 0.31; p < .001, Cohen’s d = 3.36). The two groups had 
similar scores on surgency (M = 4.25, SD = 0.92 and M = 4.01, SD = 0.95, respectively; p = 
.08, Cohen’s d = 0.26). 
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Distribution negative emotionality and surgency at screening, among children 
selected for the experiment. 
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Appendix 2: Description of Bayesian Estimation Procedure

The Bayesian estimator relied on a Markov chain Monte Carlo algorithm to estimate 
models. Model convergence was assessed using the Gelman—Rubin criterion, which is the 
default setting in Mplus. However, as recommended by Hox, van de Schoot, and Matthijsse 
(2012), we set the cutoff value for convergence stricter (i.e., bconvergence = .01) than the 
default value of .05. We also specified a minimum number of iterations by using biterations 
= (10,000). We used the default, non-informative prior in Mplus. A non-informative prior, 
also called a diffuse prior, has a large variance. A large variance reflects large uncertainty in 
the parameter value. With a large prior variance the likelihood contributes relatively more 
information to the formation of the posterior and the estimate is closer to a Maximum-
Likelihood estimate (Muthén & Asparouhov, 2012).
 After models had converged, model fit was assessed using posterior predictive checking 
(Kaplan & Depaoli, 2012). The general idea behind posterior predictive checking is that 
there should be little, if any, discrepancy between data generated by the model and the 
actual data itself. Any deviation between the data generated by the model and the actual 
data suggests possible model misspecification. Using posterior predictive checking, a 
Posterior Predictive P-value (ppp value) is computed, as well as a 95% confidence interval 
(CI) for the difference between observed and replicated χ2-values. A low ppp value indicates 
poor fit of the model to the data. Generally, ppp values of less than .05 indicate bad fit, ppp 
values between .05 and .10 indicate borderline fit, ppp values of more than .10 indicate good 
fit, and ppp values of .50 indicate excellent fit. The 95% confidence interval should contain 
zero, indicating that the χ2 difference between the observed data and the data predicted by 
the model is not significant. In addition, we reported the Deviance Information Criterion 
(DIC) and the Bayesian Information Criterion (BIC). The closer these indices are to zero, 
the better the model fits the data (Kaplan & Depaoli, 2012). 
 For model comparison, we looked at the difference in the DIC and the BIC, as well 
as the Bayes factor (Kaplan & Depaoli, 2012). Models with smaller DIC and BIC-values 
are preferred. Rules of thumb have been developed to assess the quality of the evidence 
favoring one model over another using Bayes factors and the comparison of BIC values 
from two competing models. When the BIC difference lies between 0 and 2 and the Bayes 
factor between 1 and 3, evidence favoring one model over the other is weak. When the 
BIC difference lies between 2 and 6 and the Bayes factor between 3 and 20, one model is 
preferred over the other. When the BIC difference lies between 6 and 10 and the Bayes factor 
between 20 and 150, one model is strongly preferred over the other. If the BIC difference 
is larger than 10 and the Bayes factor larger than 150, one model is very strongly preferred 
over the other.   
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 One important difference with maximum-likelihood estimation is that in Bayesian 
estimation, parameters are seen as variables instead of constants (Kaplan & Depaoli, 2012). 
Prior information about a parameter and information in the observed sample data are 
combined to reach a posterior distribution of the parameter. That is, instead of estimating a 
single parameter, a parameter distribution is estimated, of which the median estimate and 
the variation around that estimate (SD) are reported. The interpretation of p-values and 
95% posterior probability intervals (PPI) associated with the parameter estimate is also 
subtly different. The one-tailed p-value reflects the probability of the estimate being in the 
other direction from what was predicted. The 95% PPI marks the upper and lower 2.5% of 
posterior distribution of the parameter. If this interval does not contain zero, the parameter 
is ‘significantly different from zero’, or in Bayesian terminology, it is 95% certain that the 
parameter also lies within this interval in the population. 
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Appendix 4: Results for Unconditional Latent Change Score Models

To model the general pattern of change in each dependent variable, regardless of 
experimental group or temperament group, we first estimated six unconditional latent 
change score models. These constitute the baseline against which we compared models that 
incorporate predictors. All models showed excellent fit (Positive affect: ppp value = .49, 
95% CI = [-14.36, 14.54], DIC = 2122.55, BIC = 2167.01; Prosocial intentions: ppp value = 
.31, 95% CI = [-12.06, 18.26], DIC = 1952.09, BIC = 1993.60; Prosocial behavior: ppp value 
= .42, 95% CI = [-13.74, 15.79], DIC = 1897.66, BIC = 1925.57; Negative affect: ppp value 
= .56, 95% CI = [-16.07, 13.46], DIC = 2069.11, BIC = 2117.11; Antisocial intentions: ppp 
value = .55, 95% CI = [-15.78, 13.93], DIC = 2006.71, BIC = 2060.77; Antisocial behavior: 
ppp value = .46, 95% CI = [-14.23, 15.45], DIC = 1833.04, BIC = 1873.99).
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Abstract

In this longitudinal multi-informant study Negative Emotionality and Sensory Processing 
Sensitivity were compared as susceptibility markers among kindergartners. Participating 
children (N = 264, 52.9% boys) were Dutch kindergartners (Mage = 4.77, SD = 0.60), 
followed across three waves, spaced seven months apart. Results show that associations 
between parenting and child behavior did not depend on children’s Negative Emotionality. 
Sensory Processing Sensitivity however, interacted with both (changes in) negative and 
(changes in) positive parenting in predicting externalizing (but not prosocial) behavior. 
Depending on the interaction, both vantage sensitivity and differential susceptibility 
models were supported. The findings suggest that Sensory Processing Sensitivity may be 
a more proximal correlate of individual differences in susceptibility, compared to Negative 
Emotionality.

Keywords: Differential susceptibility, Vantage sensitivity, Negative emotionality, Sensory 
processing sensitivity
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Introduction

The differential susceptibility model postulates that children differ in their general 
susceptibility to environmental influences, with some being more strongly affected than 
others by both negative (risk-promoting) and positive (development-enhancing) experiences 
(Belsky, 1997a, 2005; Belsky, Bakermans-Kranenburg, & van IJzendoorn, 2007; Boyce et al., 
1995; Boyce & Ellis, 2005; Ellis, Boyce, Belsky, Bakermans-Kranenburg, & van IJzendoorn, 
2011). To find out which children are more and less susceptible, research has targeted an 
array of potential susceptibility markers, ranging from genotype to stress physiology to 
temperament. Reflecting a concern with negative developmental outcomes, temperament 
studies have especially focused on Negative Emotionality (Belsky & Pluess, 2009) while 
other traits have been receiving less attention as potential susceptibility markers. However, 
it may not be Negative Emotionality per se, but rather a highly sensitive nervous system, 
manifested in the temperament trait of Sensory Processing Sensitivity (Aron and Aron, 
1997; Aron, Aron, & Jagiellowicz, 2012; Belsky & Pluess, 2013) that constitutes a more 
proximal marker of susceptibility. In this study we aimed to compare Negative Emotionality 
and Sensory Processing Sensitivity as markers of individual differences in susceptibility to 
parenting among children. 
 The differential susceptibility hypothesis differs from the traditional diathesis-stress 
model (Monroe & Simons, 1991; Zuckerman, 1999), in that the former highlights the 
disproportionate susceptibility to both the negative effects of harsh environments and 
the beneficial effects of supportive environments in the same individuals, while the 
latter emphasizes the disproportionate vulnerability to negative environments of some 
individuals. Differential susceptibility hypothesis also differs from vantage sensitivity, 
which describes individual differences in the tendency to benefit from positive features of 
the environment only (Pluess & Belsky, 2013). According to this model, some individuals 
show vantage sensitivity (i.e., they benefit disproportionately from enriched environments) 
whereas others show vantage resistance (i.e., they gain little to nothing from enriched 
environments).

Negative Emotionality and Sensory Processing Sensitivity
Early attempts to identify potential susceptibility markers called attention to Negative 
Emotionality (Belsky, 1997b, 2005; Belsky, Hsieh, & Crnic, 1998). Negative Emotionality 
can be described as the tendency to be easily distressed (Putnam, Ellis, & Rothbart, 2001). 
Negative Emotionality is a temperament trait, and as such, individual differences in Negative 
Emotionality are believed to appear early in life, be relatively stable across the lifespan, and 
are presumed to have a genetic or neurobiological basis (Goldsmith et al., 1987). Research 
suggests children high on Negative Emotionality to be more susceptible to parenting and 
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other environmental influences (Belsky & Pluess, 2009; Pluess & Belsky, 2010a). Compared 
to their less negatively emotional counterparts, these children showed more internalizing 
and externalizing behavior problems and lower social and academic adjustment when 
parenting quality was low, and less behavior problems and better adjustment when parenting 
quality was high (e.g., Belksy et al., 1998; Poehlmann et al., 2012; Roisman et al., 2012; for a 
meta-analysis, see Slagt, Dubas, Deković, & van Aken, 2016).
 More recently, Sensory Processing Sensitivity (SPS) has been advanced as a potential 
susceptibility marker (Aron & Aron, 1997; Aron et al., 2012), although compared to 
Negative Emotionality it has been studied less extensively and mainly among adults (Belsky 
& Pluess, 2009). SPS entails a low sensory threshold and high sensitivity to subtle stimuli 
(Aron et al., 2012). Individuals high on SPS tend to be more aware of information in their 
environment, and tend to process this information on a deeper and more complex level 
than other people, which affects the way they plan, think, and learn. Because they process 
experiences more thoroughly, their development is believed to be more strongly affected by, 
or susceptible to, their environment. The trait of SPS is measureable by means of the Highly 
Sensitive Person scale (Aron & Aron, 1997, for a short child-version, Pluess et al., 2016). 
About 20% of the population is thought to be characterized by a highly sensitive personality 
(Aron & Aron, 1997; Aron et al., 2012), although some contend that SPS in children is best 
considered as a continuous rather than a dichotomous variable (Benham, 2006; Boterberg 
& Warreyn. 2016). 
 Empirical evidence for SPS as a susceptibility marker is still scarce. Most studies on SPS 
have been conducted among adults. Work by Aron, Aron, and Davies (2005) revealed that a 
stressful childrearing history (retrospectively reported) predicted high levels of shyness and 
negative affectivity within a sample of undergraduate students, but only for those scoring 
high on SPS. An fMRI study suggested that adults higher on SPS processed information about 
both sad and happy faces more thoroughly compared to those who scored lower on SPS, as 
indicated by increased activation of brain regions involved in awareness, empathy, and self-
other processing (Acevedo et al., 2014). SPS was also related to increased brain activation 
in response to subtle changes in stimuli, specifically in regions associated with higher 
order visual processing (Jagiellowicz et al., 2011). The first study examining SPS among 
children showed that girls higher on SPS, compared to those low on this trait, benefitted 
more from an intervention aimed at reducing depression (Pluess & Boniwell, 2015).

Negative Emotionality as a Susceptibility Marker
While Negative Emotionality has been studied more frequently in relation to differential 
susceptibility compared to SPS, it faces two issues. First, it is unclear why exactly 
Negative Emotionality has been found to mark individual differences in susceptibility. It 
was empirical results that called attention to negative emotional reactivity as a potential 
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susceptibility marker (Belsky, 1997b; 2005; Belksy et al., 1998). However, because Negative 
Emotionality entails the expression of negative emotions, and is oftentimes related to 
negative environmental circumstances (Kiff, Lengua, & Zalewski, 2011; Rothbart & 
Bates, 2006), it is not immediately evident why this trait would also indicate a general 
susceptibility to both negative and positive environments. Perhaps susceptible children, 
compared to less susceptible children, are more easily overwhelmed by environmental 
stimuli; especially when they are infants, Negative Emotionality may be a common reaction 
to such overstimulation (Aron & Aron, 1997; Aron et al., 2012; Boterberg & Warreyn, 2016). 
By contrast, SPS is theoretically linked to a broader sensory awareness and processing of 
information in the environment, regardless of valence (Aron et al., 2012). If this is true, SPS 
may be a more proximal marker of individual differences in susceptibility than Negative 
Emotionality. 
 Second, and related, many of the studies that found support for differential susceptibility 
depending on children’s Negative Emotionality, measured Negative Emotionality in infancy 
(e.g., Pluess & Belsky, 2010b; Poehlmann et al., 2012; Roisman et al., 2012). Researchers have 
observed that when differential susceptibility with Negative Emotionality as a marker is 
studied beyond toddlerhood, diathesis-stress effects or no interaction effects are frequently 
obtained (Kiff et al., 2011; Slagt, Dubas, & van Aken, 2016; Slagt, Dubas, Deković, & van 
Aken, 2016). Negative Emotionality may operate as a susceptibility marker early in life 
because the immaturity of neurobiological systems amplifies emotional and behavioral 
responses (Calkins, Graziano, & Keane, 2007). As these systems mature, and increased 
cortical development exerts greater control over neural pathways, Negative Emotionality 
may become more specifically linked to vulnerability to negative affect and experiences, as 
per diathesis-stress. At later ages, Negative Emotionality may therefore be a less accurate 
marker of individual differences in susceptibility. By contrast, how SPS and its relation to 
susceptibility change across age is unknown at present, but there is no reason to expect 
this relation to be age-specific. Thus, while susceptible children’s Negative Emotionality 
may decrease as they get older, these children may continue to score high on SPS. In line 
with this idea, this study aimed to compare Negative Emotionality and SPS as susceptibility 
markers, among four-to-six-year-old children.

The Current Study
In this study we tested Negative Emotionality and Sensory Processing Sensitivity as potential 
susceptibility (or vulnerability) markers among kindergartners. We focused on negative 
as well as positive parenting behaviors and child outcomes. The differential susceptibility 
model partly overlaps with both diathesis-stress and vantage sensitivity models, and 
selection of a restricted range of environments and outcomes (e.g., a harsh environment 
and child problem behavior) would make the models indiscernible. 
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 As to parenting, in our study negative parenting entailed behaviors reflecting negative 
control and hostility, and positive parenting entailed behaviors reflecting positive control 
and warmth (Maccoby & Martin, 1983). As to child adjustment, on the negative side we 
focused on child externalizing problem behaviors and on the positive side we focused on 
prosocial behavior. Externalizing behaviors can be described as outer-directed, generating 
discomfort and conflict in the surrounding environment. They include hyperactive, 
delinquent, antisocial, and aggressive behavior (Achenbach & Edelbrock, 1978). Prosocial 
behaviors are voluntary behaviors intended to benefit others (Eisenberg & Fabes, 1998).
 Finally, differential susceptibility predicts that more susceptible individuals are more 
likely to experience sustained developmental change in response to their environment. 
Whether this change occurs in response to the state of the environment at the beginning of a 
developmental trajectory, or to changes in the environment over time, or to both, is an open 
question. Using three waves of longitudinal data spanning over a year, we estimated latent 
growth curve models for parenting as well as child behaviors. Next, using latent interactions 
(Klein & Moosbrugger, 2000; Maslowsky, Jager, & Hemken, 2015) we examined whether 
temperament interacts with both parenting behavior at the beginning of the study and with 
changes in parenting during the study, in predicting changes in child behavior during the 
study and child behavior at the end of the study. 
 In sum, in this study we compared Negative Emotionality and Sensory Processing 
Sensitivity as susceptibility markers among kindergartners. Given the age of the children 
in our sample and results from a recent meta-analysis (Slagt, Dubas, Deković, & van 
Aken, 2016), we expected Sensory Processing Sensitivity, but not Negative Emotionality, 
to moderate associations between (changes in) parenting and (changes in) child behavior. 
Moreover, we expected interactions with Sensory Processing Sensitivity to reflect a 
differential susceptibility pattern. 

Methods

Participants
Information about the study was distributed to parents of children in grades 1 and 2 at 
49 regular elementary schools in the province of Utrecht, the Netherlands. Parents could 
voluntarily sign their children up for the study at a website, where they gave active informed 
consent, filled out their contact information, and completed a short screening questionnaire 
inquiring after children’s Negative Emotionality and Surgency. In this way, 280 children 
signed up for the study. Analyses included only the 264 children who participated with their 
mothers; 14 children who participated with their fathers only were excluded from analyses. 
Participating children were boys (52.9%) and girls (47.1%) between the ages of 3.67 and 
7.20 years at the start of the study (M = 4.77, SD = 0.60). Most of the children (97.6%) 

14356_Slagt_BW.indd   220 19-01-17   11:30



221 

Sensory Processing Sensitivity | Chapter 07

07

were born in the Netherlands, as were their mothers (92.3%). Mothers of participating 
children were between the ages of 21.55 and 47.88 years (M = 37.51, SD = 4.40) at the start 
of the study, and were mostly married (76.2%) or cohabiting (17.6%). Mothers were highly 
educated, with 6.5% having no high school diploma or having finished lower vocational 
education, 27.7% having finished intermediate vocational education, and 65.8% having 
finished higher vocational education or university. Gross annual household income was less 
than the national mode (€35,000,-) for 8.5% of families, between 1 and 1.5 times national 
mode for 15.1% of families, 1.5 to 2 times national mode for 34.4% of families, and more 
than 2 times the national mode for 42.0% of families. 
 Most families continued to participate throughout the study: 94% of the mothers who 
provided data at the screening also provided data at Time 1, Time 2 (86%) and Time 3 (83%). 
Teachers reported about 84% of the children at Time 1 (T1), 75% at Time 2 (T2), and 67% at 
Time 3 (T3). Complete data on study variables (child temperament traits, mother-reported 
parenting, and teacher-reported child behavior across three times) were provided by 95% of 
the participating families at screening, and by 70% of the participating families at T1, 74% 
at T2 and 72% at T3. Children with complete data across waves generally did not differ from 
children with missing data on demographic variables or on study variables, as indicated by 
χ2- and independent samples t-tests. The one exception was that children with missing values 
had mothers who reported higher levels of negative parenting at each of the three waves, ps 
< .05, ds = 0.40, 0.31, and 0.28 at T1, T2, and T3, respectively. Missing values were handled 
in Mplus 7.2 using Full Information Maximum Likelihood (Enders & Bandalos, 2001).

Procedure
After the screening, three more waves of data collection took place, spaced seven months 
apart. At each of these three waves mothers reported on their parenting behaviors, while 
teachers reported on children’s externalizing and prosocial behavior. In addition, mothers 
provided information on children’s Negative Emotionality during the screening, and on 
children’s SPS at T1. Families were given a gift certificate after completing T1 and T3, and a 
lottery was organized in which two families who had participated in all three waves could 
win tickets to a theme park. Finally, regular newsletters were sent to the participating families 
and schools, keeping them informed on the progress of the study. The research ethics 
committee declared this study exempt; it was deemed to be non-invasive for participants.

Measures
Child Externalizing and Prosocial Behavior
Teachers reported on externalizing behaviors and prosocial behaviors at each wave using 
the Dutch version of the Strengths and Difficulties Questionnaire (Goodman, 2001; van 
Widenfelt, Goedhart, Treffers, & Goodman, 2003). Each subscale consists of five items, 
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measured on a 3-point scale (1 = not true to 3 = definitely true). The subscales conduct 
problems (“Often has temper tantrums or hot tempers”) and attention problems (“Easily 
distracted, has trouble concentrating”) were summed to an externalizing behavior score, 
while the items in the subscales prosocial (“Considerate of other people’s feelings”) were 
summed to a prosocial behavior score. Cronbach’s αs for externalizing behavior and 
prosocial behavior were .82 and .79 at T1, .84 and .82 at T2, and .82 and .81 at T3. 

Negative Parenting
Negative parenting was measured using four scales. The Overreactivity scale from the 
Parenting Scale (Prinzie, Onghena, & Hellinckx, 2007) contains nine items (e.g., “When 
my child misbehaves…. I speak calmly to my child vs. I raise my voice or yell”) answered 
a seven-point Likert scale, ranging from a high probability to use an effective discipline 
strategy to a high probability of making a discipline mistake (αs at T1, T2 and T3 are .82, .83, 
and .80, respectively). The Power assertion scale from the Parenting Dimensions Inventory 
(Power, 1993) contains twelve items, consisting of short scenarios to which the parent is 
asked to indicate the likelihood of responding in a specific way (e.g., “After an argument 
about toys your child hits his/her play mate…. How likely is it that you will use physical 
punishment”). Answers can range from 1 (very unlikely) to 5 (very likely) (αs at T1, T2 
and T3 are .77, .80, and .77, respectively). The Ignoring scale from the Nijmegen Parenting 
Questionnaire (Gerrits, Deković, Groenedaal, & Noom, 1996) consists of five items (e.g., 
“When my child does something that is not allowed, I oftentimes look angry and pretend 
like he/she is not there”), with answers ranging from 1 (totally disagree) to 6 (totally agree) 
(αs at T1, T2 and T3 are .79, .84, and .85, respectively). Finally, the Inconsistent discipline 
from the Parenting Dimensions Inventory (Power, 1993) contains eight items (e.g., “My 
child oftentimes manages to convince me to punish him/her lighter than I intended”), 
with answers ranging from 1 (totally disagree) to 6 (totally agree) (αs at T1, T2 and T3 
are .87, .88, and .87, respectively). Confirmatory factor analysis in Mplus 7.2 shows that 
these four scales can be combined into one construct, with factor loadings ranging between 
.46 and .90. Following van de Schoot, Lugtig, and Hox (2012) and Widaman, Ferrer, and 
Conger (2010), we established partial strict measurement invariance across waves (χ2 (318) 
= 443.66, p < .001, CFI = .962, TLI = .958, RMSEA = .040), which entails invariant factor 
loadings, measurement intercepts, and unique factor variances. Factor scores were saved 
and used for further analyses. Cronbach’s αs of the total scale were .87, .88, and .87 at T1, 
T2, and T3, respectively.
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Positive Parenting
Positive parenting was measured using five scales. The Responsiveness scale from the 
Nijmegen Parenting Questionnaire (Gerrits, Deković, Groenedaal, & Noom, 1996) 
contains eight items (e.g., “I help my child well when he/she has difficulties”) with answers 
ranging from 1 (totally disagree) to 6 (totally agree) (αs at T1, T2 and T3 are .79, .80, and .82, 
respectively). The Autonomy granting scale from the Nijmegen Parenting Questionnaire 
(Gerrits, Deković, Groenedaal, & Noom, 1996) consists of four items (e.g., “I regularly 
encourage my child to explore things”), answers ranging from 1 (totally disagree) to 6 (totally 
agree) (αs at T1, T2 and T3 are .72, .70, and .70, respectively). The Positive interactions scale 
from the Parenting Practices Scale (Strayhorn & Weidman, 1988) contains five items (e.g., 
“How often do you and your child laugh together”), with answers ranging from 1 (never) to 
5 (several times a day) (αs at T1, T2 and T3 are .76, .74, and .75, respectively). The Positive 
parenting scale from the Alabama Parenting Questionnaire (Essau, Sasagawa, & Frick, 
2006) contains five items (e.g., “You praise your child when he/she behaves well”), answers 
ranging from 1 (never) to 5 (always) (αs at T1, T2 and T3 are .78, .70, and .72, respectively). 
Finally, the Inductive discipline scale from the Parenting Dimensions Inventory (Power, 
1993) contains twelve items consisting of short scenarios to which the parent is asked to 
indicate the likelihood of responding in a specific way (e.g., “After an argument about toys 
your child hits his/her play mate…. How likely is it that you will point out the consequences 
of your child’s behavior to your child”). Answers are given ranging from 1 (very unlikely) to 
5 (very likely) (αs at T1, T2 and T3 are .84, .82, and .85, respectively). Confirmatory factor 
analysis in Mplus 7.2 shows that these five scales can be combined into one construct, with 
factor loadings ranging between .34 and .67. We established partial strict measurement 
invariance across waves (χ2 (318) = 443.66, p < .001, CFI = .962, TLI = .958, RMSEA = .040). 
Factor scores were saved and used for further analyses. Cronbach’s αs of the total scale were 
.85, .85, and .87, at T1, T2, and T3. 

Negative Emotionality
Children’s Negative Emotionality was assessed using the Dutch version of the Children’s 
Behavior Questionnaire—Short From (Putnam & Rothbart, 2006; Rothbart, Ahadi, 
Hershey, & Fisher, 2001). Mother reported children’s Anger/frustration (“Has temper 
tantrums when s/he doesn’t get what s/he wants”), Soothability (“Is very difficult to soothe 
when s/he has become upset”), Fear (“Is afraid of burglars or the “boogie man.””), and 
Sadness (“Cries sadly when a favorite toy gets lost or broken”). Items could be answered 
on a 7-point scale ranging from 1 (extremely untrue of your child) to 7 (extremely true of 
your child). A not applicable response option was also available, for when the child had not 
been observed in the situation described. Scale scores were created by averaging applicable 
item scores. Following previous research (Rothbart et al., 2001), the Anger/frustration, 
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reversed Soothability, Fear, and Sadness scales were subsequently averaged into a Negative 
Emotionality score (α = .81). 

Sensory Processing Sensitivity
Children’s SPS was assessed using a Dutch twelve-item parent-report version (adapted from 
Pluess & Boniwell, 2015; Pluess et al., 2016) of the Highly Sensitive Person scale (Aron & 
Aron, 1997), which was back-to-back translated together with the second author. Items 
could be answered on a 7-point scale ranging from 1 (not at all) to 7 (extremely), with 
higher scores indicating higher SPS. Internal consistency was satisfactory (α = .77). 

Analyses
Prior to analyses, outliers (N = 13) were recoded to three SD’s from the mean. To answer 
our research questions, we used latent growth curve modelling (LGM; Duncan, Duncan, 
& Strycker, 2006) and the latent moderated structural equation technique (LMS; Klein & 
Moosbrugger, 2000) in Mplus 7.2 (Muthén & Muthén, 1998-2012). LGM provides mean 
levels (i.e., intercepts) and change rates (i.e., slopes) that represent the developmental 
trajectories of variables. Variances of these growth factors reflect interindividual variation 
in the level or rate of change (Duncan et al., 2006). LMS allows for testing interactions 
between observed (i.e., temperament) and latent (i.e., intercept and slope of parenting) 
variables. All models were estimated using robust maximum likelihood estimation (MLR), 
which yields standard errors that are robust to non-normality. To control for inflation of 
Type I error rates we applied a False Discovery Rate (FDR) procedure, which takes into 
account the proportion of expected false positive results among a set of significant findings 
(Benjamini & Hochberg, 1995). 
 Analyses proceeded in five steps. First, we fitted four univariate growth curves to model 
changes in positive parenting, negative parenting, prosocial behavior, and externalizing 
behavior (see Figure 1, panel A). At least two slope factor loadings must be fixed to two 
different values to identify the model (Duncan et al., 2006). For positive and negative 
parenting, we specified a change trajectory by fixing the slope factor loadings for T1 and 
T3 to 0 and 1, with the factor loading for T2 freely estimated. Freely estimating the second 
factor loading enabled us to model an unspecified trajectory in which the shape of the 
trajectory is determined by the data. For prosocial and externalizing behavior, we specified 
a change trajectory by fixing the slope factor loadings for T1 and T3 to -1 and 0. By fixing 
the slope loadings in this way, the slope represents the rate of change (increase or decrease) 
from T1 to T3. Further, the intercept now corresponds to the initial level (at T1) in the case 
of parenting, and to the level at the end of the study (T3) for child behavior, in line with our 
hypotheses. To retain enough degrees of freedom, error variances were set equal.
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Figure 1.  Schematic display of all estimated models and parameters.  In each model, one parenting 
behavior (either negative or positive) and one child behavior (either externalizing or prosocial) 
was modeled. In multivariate models and latent moderated structural equation (LMS) models, 
main effects of both temperament traits were included. In LMS models, interactions between one 
temperament trait and one parenting behavior predicting one child behavior were modeled.  
 T1 = time 1, T3 = time 3, λ = slope loading, μ = mean, σ2 = variance, ε = error variance, ρ = 
correlation, β = path coefficient. In subscripts: i = intercept, s = slope, p = parenting, c = child 
behavior, t = temperament trait, ne = negative emotionality, sps = SPS, np = negative parenting.
 Parameters estimated in each step are:  Step 1, univariate growth models: panel A;  Step 2, 
bivariate growth models: panel B, only ρis_p ρis_c βii βis βsi βss;  Step 3, multivariate growth models: panel 
B, only ρis_p ρis_c ρne_sps ρne_np βii βis βsi βss βne_i βsps_i βne_i βsps_i;  Step 4, LMS models: panel B.
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 Second, we examined the associations between parenting and child behavior using 
bivariate LGM, combining the univariate growth models (see Figure 1, panel B). Given 
concerns about the large number of parameters being estimated if all constructs had been 
included in the same model, four separate models were estimated: 1) positive parenting 
with prosocial behavior, 2) positive parenting with externalizing behavior, 3) negative 
parenting with prosocial behavior, 4) negative parenting with externalizing behavior. 
 Third, we added main effects of Negative Emotionality and SPS simultaneously to each 
of the four bivariate LGM’s described under step 2, yielding four new multivariate models. 
Based on correlations (Table 1), Negative Emotionality and SPS were allowed to covary in 
all models. We included χ2, CFI, and RMSEA to assess model fit in steps 1 to 3. 
 Fourth, we tested interactions using LMS. Eight models were estimated: The four models 
as described in step 3 with interactions of parenting behaviors with Negative emotionality 
added, and the four models as described in step 3 with interactions of parenting behaviors 
with SPS added. Typical fit indices are not available with models that use latent variable 
interactions due to adjustments made during estimation (Muthén & Muthén, 1998–2012). 
As such, measures of relative fit (e.g., Bayesian information criteria) were used to compare 
models with and without interactions, as well as log likelihood ratio difference tests using 
an appropriate correction for the MLR estimator (Satorra & Bentler, 2001).
 Finally, significant interactions were followed by estimating the relation between the 
predictor and the outcome at temperament values plus, exactly at, or minus one SD from the 
sample mean (Cohen et al., 2003). Furthermore, to demonstrate a differential susceptibility 
effect, we calculated the region of significance with respect to the predictor (i.e., parenting) 
in case of a significant interaction (Preacher, Curran, & Bauwer, 2006; Roisman et al., 
2012). This region identifies the range of predictor values for which regression lines 
estimated at different temperament values (or more precisely, point estimates on these 
lines) significantly differ from each other. When differential susceptibility is warranted, 
these lines should differ significantly both at low values (M -2 SD) of the predictor (“for 
worse”) and at high values (M + 2 SD) of the predictor (“for better”) (Roisman et al., 2012). 
If diathesis-stress is warranted, these lines should differ only at the “for worse” side of 
the predictor. If vantage sensitivity is warranted, these lines should differ only at the “for 
better” side of the predictor. 

Results

Descriptive Results
Descriptive statistics and correlations for measures of child behavior, parenting, and 
temperament traits are presented in Table 1. Children’s externalizing and prosocial behavior 
as well as parents’ positive and negative parenting all displayed high rank-order stability, 
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both from T1 to T2 and from T2 to T3. Mean levels of externalizing behavior were stable 
throughout the study (T1 to T2: t(155) = -0.13 p = .90, d = -0.01, and T2 to T3: t(139) = 
-0.41, p = .97, d = -0.00), whereas prosocial behavior increased slightly (t(154) = 2.14, p = 
.03, d = 0.18, and T2 to T3: t(138) = 1.65, p = .10, d = 0.11). Levels of negative parenting 
increased slightly from T1 to T2 (t(244) = 3.66, p < .001, d = 0.08) and remained stable after 
that (t(244) = -0.81, p = .42, d = -0.02). Positive parenting decreased between T1 and T2 
(t(244) = -12.33, p < .001, d = -0.37), and then increased again (t(244) = 5.90, p < .001, d = 
0.15). 

Change in Parenting Behavior and Child Behavior
We started by modeling change in parenting behavior and child behavior, and by examining 
whether participants would vary in both their initial score as well as in how much they 
change. Significant variability is a prerequisite that must be met before intercepts and slopes 
can be used as predictors or outcomes in subsequent models (Duncan et al., 2006). When 
the nonlinear model did not provide significant incremental fit, a more parsimonious, 
linear, model was selected (in which the T2 slope loading was constrained to 0.5). A linear 
growth model was preferred for negative parenting (χ2(3) = 14.61, p < .01, CFI = 0.99, 
RMSEA = 0.13, compared to nonlinear model, Δχ2(1) = 2.98, p = .08). Nonlinear growth 
models were preferred for positive parenting (χ2(2) = 0.75, p = .23, CFI = 1.00, RMSEA = 
0.00, compared to linear model, Δχ2(1) = 106.95, p < .001), externalizing behavior (χ2(2) = 
1.03, p = .60, CFI = 1.00, RMSEA = 0.00, compared to linear model, Δχ2(1) = 5.61, p = . 02), 
and prosocial behavior (χ2(2) = 0.73, p = .69, CFI = 1.00, RMSEA = 0.00, compared to linear 
model, Δχ2(1) = 9.82, p = .002). 
 Parameter estimates of the final univariate models are shown in Table 2. On average, 
parents decreased in positive parenting across the study, although this decrease took place 
between T1 and T2, followed by a slight increase between T2 and T3 (see slope loading). 
Further, parents linearly increased in negative parenting. Parents varied in their level of 
positive and negative parenting at the beginning of the study and in the extent to which 
their parenting behaviors changed across the study, indicating that variation in parenting 
behavior can be used as a predictor of child behavior. Children’s level of externalizing 
behavior remained stable throughout the study, but their prosocial behavior increased, with 
most of the change taking place between T1 and T2. Like their parents, children varied in 
their level of externalizing and prosocial behavior at the beginning of the study and in how 
much their behavior changed over the course of the study. 
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Table 2 Parameter Estimates of the Univariate Latent Growth Models 

Intercept Slope Intercept  Slope

Slope loading T2 M σ2 M σ2 r

Positive parenting 1.69 5.17** 0.06*** -0.06*** 0.001* .22

Negative parenting 0.50 2.62*** 0.42*** 0.04* 0.03*** -.23*

Externalizing behavior -0.24 3.18*** 10.15*** 0.13 5.93***     .44**

Prosocial behavior -0.08 7.93*** 3.11*** 0.35* 2.31**     .47**

Note. T2 = Time 2.
* p < .05; ** p < .01; *** p < .001.

Associations Between Parenting Behavior and Child Behavior
Next, we examined associations between parenting behavior and child behavior in four 
bivariate models (Table 3). All models showed good fit (negative parenting => externalizing 
behavior: χ2(10) = 13.60, p = .19, CFI = 1.00, RMSEA = 0.04; positive parenting => 
externalizing behavior: χ2(9) = 5.59, p = .78, CFI = 1.00, RMSEA = 0.00; negative parenting 
=> prosocial behavior: χ2(10) = 15.71, p = .11, CFI = 0.99, RMSEA = 0.05; positive parenting 
=> prosocial behavior: χ2(9) = 9.61, p = .38, CFI = 1.00, RMSEA = 0.02). Higher levels of 
negative parenting at the beginning of the study predicted higher levels of externalizing 
behavior at the end of the study, but not changes in externalizing behavior. Positive parenting 
did not predict externalizing behavior at the end of the study nor changes in externalizing 
behavior over the course of the study. Finally, none of the (changes in) parenting behaviors 
predicted (changes in) prosocial behavior. 

Associations Between Temperament and Child Behavior
Next, we examined associations between temperament and child behavior in four 
multivariate models. These models also included the associations between parenting 
behaviors and child behaviors estimated in the previous step. The intercepts of negative 
parenting and negative emotionality were allowed to covary based on modification indices, 
which significantly improved model fit, Δχ2(1) = 9.22, p = .002. All models showed good fit 
(negative parenting => externalizing behavior: χ2(17) = 22.61, p = .16, CFI = 0.99, RMSEA 
= 0.04; positive parenting => externalizing behavior: χ2(17) = 17.36 p = .43, CFI = 1.00, 
RMSEA = 0.01; negative parenting => prosocial behavior: χ2(17) = 25.15, p = .09, CFI = 
0.99, RMSEA = 0.04; positive parenting => prosocial behavior: χ2(17)= 24.56, p = .11, CFI 
= 0.99, RMSEA = 0.04). Neither negative emotionality nor SPS were related to externalizing 
or prosocial behavior (Table 3). Negative emotionality and SPS were strongly associated 
with each other, and negative emotionality was related to negative parenting at T1 (B= 0.10, 
SE= 0.03, β= 0.21, p< .01).
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Interactions between Temperament and Parenting
Next, we examined interactions between parenting and temperament predicting child 
behavior in eight latent moderated structural equation models. In each model, we tested 
interactions between one temperament trait and one parenting behavior, which still 
entailed four parameters (i.e., interactions with the intercept and slope of parenting 
behavior, predicting the intercept and slope of child behavior). Table 4 shows that each of 
these interaction models demonstrated better fit compared to their corresponding model 
without interactions. That is, BIC indices were lower and loglikelihoods significantly closer 
to zero in models with interactions (estimated in this step) compared to models without 
interactions (estimated in the previous step). Parameter estimates in Table 5 indicate that 
SPS interacted with both negative and positive parenting in predicting externalizing, 
but not prosocial, behavior. Specifically, changes in positive parenting interacted with 
SPS in predicting changes in externalizing behavior across the study as well as levels of 
externalizing behavior at the end of the study. Likewise, changes in negative parenting 
interacted with SPS in predicting changes in externalizing behavior across the study as well 
as levels of externalizing behavior at the end of the study. Parenting at the beginning of 
the study did not interact with SPS in predicting externalizing behavior, except for one 
interaction between negative parenting at T1 and SPS predicting changes in externalizing 
behavior. Negative emotionality did not interact with either negative or positive parenting 
in predicting child behavior. 
 To follow up on the five significant interactions, we examined simple slopes as well as 
regions of significance. Figure 2, panel A shows that the more negative parenting parents 
reported at the beginning of the study, the more children increased in externalizing 
behavior, but only if children were high on SPS. The interaction was most consistent with a 
vantage sensitivity pattern: When they received low levels of negative parenting (lower than 
M – 0.11 SD), children high on SPS decreased more in externalizing behavior than children 
low on SPS. When they received high levels of negative parenting (higher than M – 0.11 
SD), children high on SPS did not increase more in externalizing behavior than children 
low in SPS. 
 Next, Figure 2, panel B shows that the more parents increased in negative parenting, 
the higher children scored on externalizing behavior at the end of the study, but only if 
children were average or high on SPS. The interaction was most consistent with a vantage 
sensitivity pattern: When parents did not increase in negative parenting (change rate lower 
than M – 1.64 SD), children high on SPS showed lower levels of externalizing behavior 
at T3 than children low on SPS. Only when parents very strongly increased in negative 
parenting (change rate higher than M + 2.50 SD), did children high on SPS show higher 
levels of externalizing behavior at T3. Likewise, Figure 2, panel C shows that the less parents 
decreased in positive parenting, the lower children scored on externalizing behavior at the 
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end, but only if children were average or high on SPS. The interaction was most consistent 
with vantage sensitivity: When parents did not decrease in positive parenting (change 
rate higher than M + 1.68 SD), children high on SPS showed lower levels of externalizing 
behavior at T3 than children low on SPS. Only when parents very strongly decreased in 
positive parenting (change rate lower than M – 2.82 SD), did children high on SPS show 
higher levels of externalizing behavior at T3.
 Finally, the interactions with changes in parenting behavior predicting changes in 
externalizing behavior were most consistent with the differential susceptibility model. 
Figure 2, panel D shows that the more parents increased in negative parenting, the more 
children increased in externalizing behavior, but only if children were high on SPS. 
Compared to average children, sensitive children decreased the most in externalizing 
behavior when parents decreased in negative parenting (change rate lower than M – 1.49 
SD), but increased the most in externalizing behavior when parents increased in negative 
parenting (change rate lower than M + 2.11 SD). Likewise, Figure 2, panel E indicates that the 
less parents decreased in positive parenting, the more children decreased in externalizing 
behavior, but only if children were high on SPS. Compared to average children, sensitive 
children decreased the most in externalizing behavior when parents maintained high 
levels of positive parenting (change rate lower than M + 1.55 SD), but increased the most 
in externalizing behavior when parents’ parenting became less positive (change rate lower 
than M – 1.66 SD). The pattern for children low on SPS was exactly opposite to the pattern 
for children high on SPS, for both negative and positive parenting.
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Figure 2. Linear relation between A) negative parenting at T1 and changes in externalizing behavior; 
B) changes in negative parenting and externalizing behavior at T3; C) changes in positive parenting 
and externalizing behavior at T3; D) changes in negative parenting and changes in externalizing 
behavior; E) changes in positive parenting and changes in externalizing behavior. Computed at one 
standard deviation below the mean (low), the mean (average), and one standard deviation above 
the mean (high) of Sensory Processing Sensitivity (SPS). The added explanation beneath the x-axis of 
panels B-E (decrease / increase) is derived from the parameter estimates of the slopes reported in 
Table 2. The shaded areas indicate the predictor values at which differences among (point estimates 
on) slopes for different SPS values become significant. When the differential susceptibility account is 
warranted, these lines —reflecting different temperament values— should differ both at low values 
of or decreases in negative parenting / high values of or maintenance of positive parenting(“for 
better”) and at high values of or increases in negative parenting / low values of or decreases in 
positive parenting (“for worse”).
* p < .05; ** p < .01; *** p < .001
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Discussion
Recently Sensory Processing Sensitivity has been postulated as a potential susceptibility 
marker, alongside the more often studied temperament trait of Negative Emotionality 
(Aron et al., 2012; Belsky & Pluess, 2013). In this study we compared Negative Emotionality 
and Sensory Processing Sensitivity as susceptibility markers among kindergartners. We 
found that associations between (changes in) parenting and (changes in) child behavior 
did not depend on children’s Negative Emotionality. SPS however, interacted with both 
negative and positive parenting in predicting externalizing (but not prosocial) behavior. 
Depending on the interaction, both vantage sensitivity and differential susceptibility 
models were supported. Supporting vantage sensitivity, SPS interacted with changes in 
negative and positive parenting, predicting externalizing behavior at the end of the study. 
Compared to less sensitive children, sensitive children had the lowest levels of externalizing 
behavior when negative parenting decreased, but similar levels of externalizing behavior 
when negative parenting increased. Likewise, sensitive children had the lowest levels of 
externalizing behavior when high levels of positive parenting were maintained, but similar 
levels of externalizing behavior when positive parenting decreased. Further, when they 
received low levels of negative parenting at the start of the study, sensitive children decreased 
more in externalizing behavior than less sensitive children.
 In contrast, SPS interacted with changes in negative and positive parenting, predicting 
changes in externalizing behavior, in a manner consistent with differential susceptibility. 
Compared to average sensitive children, sensitive children decreased the most in 
externalizing behavior when negative parenting decreased, but increased the most in 
externalizing behavior when negative parenting increased. Likewise, sensitive children 
decreased the most in externalizing behavior when high levels of positive parenting were 
maintained, but increased the most in externalizing behavior when positive parenting 
decreased. 
 When accounting for Negative Emotionality and SPS simultaneously, only SPS 
moderated associations between parenting and child behavior. That Negative Emotionality 
moderated associations between parenting and child behavior ‘for better and for worse’ 
in previous studies (for a review, see Belsky & Pluess, 2009), could potentially have been 
driven by SPS, a concept that partly overlaps with Negative Emotionality. Thus, while 
Negative Emotionality may mark differences in susceptibility in certain studies, perhaps 
it does so due to its association with SPS, making Negative Emotionality a marker, but not 
a cause of increased susceptibility. However, to conclude that SPS is the actual cause of 
increased susceptibility would be premature. First, a direct test of the potential causal role 
of SPS in increasing susceptibility is still lacking; our non-experimental study can do no 
more than support its role as a correlate. Our findings do suggest, however, that SPS may be 
a more proximal correlate of individual differences in susceptibility, compared to Negative 
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Emotionality, particularly among kindergartners. Second, our measure of SPS was rather 
global: it was a questionnaire, instead of a direct assessment of the sensitivity of the nervous 
system (but see Acevedo et al., 2014 and Jagiellowicz et al., 2011, for first links between 
questionnaire measures of SPS and activation in brain regions involved in awareness, self-
other processing, and higher order visual processing). Moreover, the concept of a highly 
sensitive nervous system is itself complicated, because the nervous system is composed 
of many opposing and counter-regulatory circuits (Boyce & Ellis, 2005). Whether the 
nervous system can actually be more sensitive as a whole, or whether it is more likely that 
the sensitivity of certain circuits to certain stimuli gives rise to the personality trait of SPS, 
is something that future research would have to clarify. 
 Associations between parenting and child behavior did not depend on children’s 
Negative Emotionality in our study. Although several individual studies found interactions 
with negative emotionality that supported a diathesis-stress model (e.g., Leve, Kim, & 
Pears, 2005; Slagt, Dubas, & van Aken, 2016) or a differential susceptibility model (e.g. 
Poehlmann et al., 2012, Belsky & Pluess, 2009), a meta-analysis showed that on average, 
negative emotionality did not moderate associations between parenting and child 
adjustment beyond infancy. 
 The age at which temperament traits are assessed seems to be an important consideration 
in studying differential susceptibility. Among the current sample of kindergartners, SPS 
was able to mark differences in susceptibility ‘for better and for worse’, while Negative 
Emotionality was not. If susceptible individuals remain susceptible throughout their lives, 
it could be that Negative Emotionality no longer picks up on differences in susceptibility 
if measured after infancy (Slagt, Dubas, Deković, & van Aken, 2016). SPS may therefore 
be a better marker of increased susceptibility to environmental influences at later ages. 
One of the assumptions underlying this rationale is that the stability of SPS, and of the 
relation between SPS and ‘susceptibility’, is higher than that of Negative Emotionality and 
its relation to ‘susceptibility’. This is, in fact, still unknown, and it would be important for 
future research to test this assumption. 
 Using latent growth curve modeling, we examined whether temperament would interact 
with both parenting behavior at the beginning of the study and with changes in parenting 
during the study, in predicting changes in child behavior during the study and child 
behavior at the end of the study. As it turns out, interactions involving changes in parenting 
predicting changes in child behavior were most in line with the differential susceptibility 
model. Differential susceptibility predicts that more susceptible individuals are more likely 
to experience sustained developmental change in response to their environment (Ellis et 
al., 2011), and this is borne out by the finding that ‘for better and for worse’ interactions 
predicted changes in, not levels of, child externalizing behavior. It is possible that susceptible 
children, once they have initially adjusted their behavior to their environment, would not 
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continue changing their behavior in response to a stable environment (represented by 
the parenting intercept in our study). Further, if the environment fluctuates on a short-
term timescale, this may provide too little and too unreliable incentive for developmental 
change (Frankenhuis & Panchanathan, 2011). Only if the environment changes reliably 
(represented by the parenting slope in our study), would it pay off for susceptible children 
to adjust their behavior accordingly.
 Next to differential susceptibility, support for vantage sensitivity was also found in this 
study. These findings may be explained by the fact that our sample was a relatively well-
functioning, high SES sample, in which the parents generally showed high levels of positive 
parenting and low levels of negative parenting. Children’s susceptibility at any given point 
in time may depend on their previously experienced (parenting) environment (Boyce 
& Ellis, 2005; Ellis, Del Giudice, & Shirtcliff, 2013). Specifically, an initial propensity for 
susceptibility ‘for better and for worse’ early in life may, for some children, develop into a 
biased susceptibility toward contextual adversity (i.e., vulnerability) or contextual support 
(i.e., vantage sensitivity) depending on specific environments encountered early in life (i.e., 
stress or support) (Pluess, 2015, see Cleveland et al., 2015 for an example). Translated to 
our study, repeated exposure to high levels of positive parenting may have made sensitive 
children more susceptible to supportive cues in their environment, and as such more 
likely to respond to high levels of positive parenting and low levels of negative parenting 
in particular. This would have resulted in support for the vantage sensitivity model for 
associations involving levels of positive and negative parenting. 
 Surprisingly, the pattern we found for children low on SPS was exactly opposite to the 
pattern we found for children high on SPS. Compared to average sensitive children, low 
sensitive children increased the most in externalizing behavior when negative parenting 
decreased, but decreased the most in externalizing behavior when negative parenting 
increased. Likewise, low sensitive children increased the most in externalizing behavior when 
high levels of positive parenting were maintained, but decreased the most in externalizing 
behavior when positive parenting decreased. These findings seem counterintuitive and are 
in fact indicative of contrastive effects, where associations between parenting and child 
adjustment are significantly different from zero for children low as well as children high on 
a given susceptibility marker, but in opposite directions. Such findings have been reported 
in the literature occasionally (for example, see Leerkes et al., 2009), but are not regularly 
found (Slagt, Dubas, Deković, & van Aken, 2016). Future research would have to bear out 
the robustness of these findings and their potential explanations. 
 The results of this study should be considered in the light of three limitations. First, the 
children with complete data had mothers who reported lower levels of negative parenting. 
However, because data on negative parenting are virtually complete across the three waves 
(93% available at each wave), it is reasonable to assume that while missingness is related to 
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observed data (i.e., negative parenting), it is not related to unobserved data. That is, data 
are missing at random instead of missing not at random, and assumptions of analyses are 
met (Enders & Bandalos, 2001). Second, most children were born in the Netherlands and 
came from families with fairly high socio-economic status. The results may thus be limited 
to Dutch samples with middle to high socio-economic status, and it remains to be seen 
whether they can be generalized to more at-risk or ethnically diverse samples. Finally, due 
to the relatively low number of fathers reporting on their parenting behavior, this study 
focused on maternal parenting behavior. Future research could examine the different 
impact mothers and fathers may have on the development of their children’s adjustment.
 In conclusion, in this longitudinal, multi-informant study we examined whether 
associations between parenting and child behavior would depend on children’s Negative 
Emotionality and Sensory Processing Sensitivity, and to what extent this would support 
differential susceptibility, diathesis-stress, and vantage sensitivity models. Sensory 
Processing Sensitivity interacted with changes in negative and positive parenting, predicting 
changes in externalizing behavior, in a manner consistent with differential susceptibility. 
Thus, among the current sample of kindergartners, Sensory Processing Sensitivity was able 
to mark differences in susceptibility ‘for better and for worse’, while Negative Emotionality 
was not. The findings suggest that Sensory Processing Sensitivity may be a more proximal 
correlate of individual differences in susceptibility, compared to Negative Emotionality. 
While interactions involving changes in parenting predicting changes in child behavior 
were most in line with the differential susceptibility model, associations involving levels 
of positive and negative parenting and/or levels of child behavior supported the vantage 
sensitivity model. These findings draw attention to the importance of considering multiple 
related susceptibility markers simultaneously, age in relation to differential susceptibility, 
and considering changes versus stable levels of the environment and developmental 
outcomes.
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Abstract

How children differ in susceptibility to environmental influences has mostly been studied 
focusing on long-term changes, spanning months or years. Whether children can be 
susceptible ‘for better and for worse’ within parent-child interactions (‘differential reactivity’), 
and whether this translates into differential susceptibility to parenting in developmental 
time, is unclear. In this study we used a combination of micro-level observation data and 
longitudinal questionnaire data to study the relationship between differential reactivity and 
differential susceptibility, guided by three questions: 1.) Does a subset of children exist that 
is both more likely to respond with negative emotions to negative emotions of mothers 
and with positive emotions to positive emotions of mothers (‘emotional reactivity’)? 2.) 
Is emotional reactivity associated with temperament markers and rearing environment? 
3.) Are children that show high emotional reactivity ‘for better and for worse’ also more 
susceptible to parenting predicting child behavior across a year? 180 Dutch children (45.3% 
girls) between the ages of four and six participated. Latent profile analyses revealed a group 
of average reactive children (87%) and a group that was emotionally reactive ‘for better 
and for worse’ (13%). High reactive children scored higher on surgency, and received 
lower levels of negative parenting. Finally associations of negative and positive parenting 
with externalizing and prosocial behavior were similar (and non-significant) for high 
reactive children and average reactive children. The findings suggest that children who 
are emotionally reactive ‘for better and for worse’ within parent-child interactions are not 
necessarily more susceptible to parenting on a developmental time scale.

Key words: Differential susceptibility, Differential reactivity, Parenting, Temperament
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Introduction

Theories of differential susceptibility emphasize that a subset of individuals are characterized 
by heightened sensitivity to both negative (risk-promoting) and positive (development-
enhancing) environmental conditions (Belsky, 1997a, 1997b, 2005; Belsky, Bakermans-
Kranenburg, & van IJzendoorn, 2007; Boyce et al., 1995; Boyce & Ellis, 2005; Ellis, Essex, 
& Boyce, 2005). The differential susceptibility model differs from the traditional diathesis-
stress model (Monroe & Simons, 1991; Zuckerman, 1999), which only emphasizes the 
disproportionate vulnerability of some individuals to negative environments, and from the 
vantage sensitivity model (Pluess & Belsky, 2013), which describes individual differences in 
the tendency to benefit from positive features of the environment only. 
 Differential susceptibility to the environment has been studied at two levels. The first 
involves developmental susceptibility to the environment, focusing on more long-term 
developmental changes, such as when experiences early in life affect a person’s subsequent 
developmental trajectory. This long-term approach is well established in the field (Belsky & 
Pluess, 2009; Ellis, Boyce, Belsky, Bakermans-Kranenburg, & van IJzendoorn, 2011; Slagt, 
Dubas, Deković, & van Aken, 2016) and tends to rely on naturally occurring variation in 
the environment or interventions. The second level involves more transient fluctuations 
in functioning, focusing on short-term changes, such as immediate effects of stimuli 
on behavior or cognition. This second approach to differential susceptibility, which has 
received little empirical attention, tends to rely on experimental manipulations of the 
environment (e.g., Quas, Bauer, & Boyce, 2004; Sasaki et al., 2013; Slagt, Dubas, van Aken, 
Ellis, & Deković, 2017), though it could also include immediate responses to normally 
occurring stimuli or events.
 To differentiate between these two levels of analysis, we will refer to the long-term 
approach as differential susceptibility (as per Ellis et al., 2011) and the short-term approach 
as differential reactivity. Differential susceptibility is a specific form of what has been referred 
to in the literature as developmental plasticity (Snell-Rood, 2013) and ontogenetic plasticity 
(Stamps, 2016), while differential reactivity is a specific form of what has been referred 
to as activational plasticity (Snell-Rood, 2013) and contextual plasticity (Stamps, 2016). 
It is unclear what relation exists, if any, between differential susceptibility and differential 
reactivity. For example, does differential reactivity to parenting, as manifest in transient 
changes (‘for better and for worse’) in child behavior in response to parents during parent-
child interactions, translate into differential susceptibility to parenting across development? 
The main aim of this study was to find out whether children who show stronger immediate 
reactions to their mothers during observed parent-child interactions (differential reactivity, 
as coded in 5-second intervals) are also the ones whose development over a year is more 
strongly predicted by parenting at the beginning of that year (differential susceptibility). 
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In other words, we tested whether observed differential reactivity operates as a differential 
susceptibility marker in a longitudinal study, moderating associations between parenting 
and child behavior.
 One form of differential reactivity is emotional reactivity. Emotion reactivity refers to 
an individual’s threshold, intensity, and duration of affective arousal, in reaction to changes 
in the environment (Rothbart & Derryberry, 1981). Children high on emotional reactivity 
show stronger, more frequent, and prolonged emotions in response to input from their 
environment. A key element of children’s environment is the social behavior of caregivers, 
particularly as communicated through their expressed emotions, as parenting in particular 
is an emotion-laden process (Teti & Cole, 2011). Compared to less reactive children, 
highly emotionally reactive children should be more likely to respond intensely to negative 
emotions from parents, such as parental expressions of irritability or anger (El Sheikh, 
2001), by increasing their own negative behaviors or emotional expressions. If these same 
children also responded more intensely to the positive emotions of their parents, then they 
would be defined as differentially emotionally reactive. 
 In this study we focused on children’s observed emotional reactivity to positive as well 
as negative parental emotions (i.e., a form of emotion contagion; Hatfield, Cacioppo, & 
Rapson, 1993; Neumann & Strack, 2000). Previous research among adults has shown that, 
across time, positive and negative affect are two distinct (albeit moderately negatively 
correlated) factors instead of bipolar (Crawford & Henry, 2004; Diener & Emmons, 1985). 
Among infants and children, negative and positive emotionality also appear to be two 
distinct constructs (Belsky, Hsieh, & Crnic, 1996; Durbin, Hayden, Klein, & Olino, 2007; 
Hernández et al., 2015). 
 Previous studies have used a variable-centered approach, showing that positive 
and negative affect load on separate but correlated factors, which differentially predict 
outcomes. While variable-centered approaches are well-suited to study the relative 
contributions that predictor variables make to an outcome, person-centered approaches are 
better suited for identifying groups of individuals that share a set of characteristics, and for 
studying the configuration of these characteristics within a person (Laursen & Hoff, 2006). 
A person-centered approach could add to a variable-centered approach by showing that 
some individuals are high on both negative emotional reactivity and positive emotional 
reactivity, some high on one, some high on the other, and some low on both. Our first 
aim in this study was therefore to examine whether a subset of children would be both 
more likely to respond with negative emotions to the negative emotions of their mothers 
and with positive emotions to the positive emotions of their mothers (which together 
would constitute differential reactivity). Using naturalistic observations of mother-child 
interactions, we coded mothers’ and children emotions and analyzed these using state space 
grids (Hollenstein, 2013), yielding for each child the probability of reacting with positive 
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emotions in response to positive emotions of mothers (‘positive emotional reactivity), and 
the probability of reacting with negative emotions in response to negative emotions of 
mothers (‘negative emotional reactivity’). To test for differential reactivity, these two indices 
were subsequently analyzed using latent profile analyses (LPA; Lanza, Flaherty, & Collins, 
2003). The LPA enabled us to determine whether profiles of highly emotionally reactive 
children (high-high), negatively reactive (low-high), positively reactive (high-low), and low 
reactive (low-low) children existed in the data. In contrast to most differential susceptibility 
research, this approach did not involve testing interactions between an environment and a 
marker, predicting an outcome. Instead, it involved testing whether associations of positive 
and negative environments with positive and negative outcomes, as captured by positive 
emotional reactivity and negative emotional reactivity, are both relatively strong among a 
subgroup of highly emotionally reactive children. 
 Next, as a second aim, we were interested in whether membership of these profiles 
would be associated with more traditional temperament markers (negative emotionality, 
surgency, effortful control, sensory processing sensitivity, see Slagt, Dubas, Deković, et 
al., 2016; Aron, Aron, & Jagiellowicz, 2012), as well as whether there would be potential 
demographic differences among the profiles. In addition, we tested whether profiles would 
differ with respect to the parenting they received. Certain models of individual differences 
in susceptibility have in fact emphasized that differences in susceptibility may develop in 
response to the amount of stress vs. support experienced during childhood (the biological 
sensitivity to context model; Boyce et al., 1995; Boyce & Ellis, 2005; Ellis et al., 2005 and the 
adaptive calibration model; Del Giudice, Ellis, & Shirtcliff, 2011).
 What happens in a child’s life in real time, for instance the daily interactions 
between parents and their children, is said to form the basis for development over years 
(Bronfenbrenner & Morris, 1998). From a dynamic systems perspective, development is 
a nested process that unfolds over many time scales, from milliseconds to years, and in 
studying development, it is important to examine how different timescales interact (Smith 
& Thelen, 2003). To understand differential susceptibility and its implications for child 
development, a connection has to be made between reactivity on a micro time scale and 
susceptibility on a developmental time scale. Yet the way parents and children interact with 
each other on a micro time scale and how this relates to susceptibility across longer time 
scales remains unexamined to date. Our third and main aim is therefore to examine whether 
the same children that react most strongly to their mothers’ emotions during moment-to-
moment interactions are also the ones whose development over a year is most strongly 
predicted by parenting at the beginning of that year. In other words, we examine whether 
reactivity ‘for better and for worse’ is related to susceptibility ‘for better and for worse’, and 
thus functions as a marker of individual differences in in susceptibility. 
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 In addition to different time scales researchers have also distinguished different levels 
at which to study susceptibility markers: Genotypic, endophenotypic, and phenotypic 
(Ellis et al., 2011). Within the phenotypic level, most research on differential susceptibility 
has focused on the temperament trait of negative emotionality. Previous research on the 
sample used in this study has, however, shown that associations between parenting and 
child behavior did not depend on children’s negative emotionality (Slagt, Dubas, van Aken, 
et al., 2016). Sensory processing sensitivity did interact with both changes in negative 
and changes in positive parenting in predicting changes in externalizing behavior, in a 
manner consistent with differential susceptibility. Temperament traits reflect a general 
style of interpreting and reacting to the environment. In this study, however, we focus on 
how temperament is expressed in everyday life (‘temperament in action’, cf. Poorthuis et 
al., 2014), for instance expressed emotions in interactions with parents (McAdams & Pals, 
2006). In this sense our conceptualization of differential reactivity as a susceptibility marker 
adds to other approaches focusing on more traditional measures of temperament.
 To test whether differential reactivity operates as a susceptibility marker in longitudinal 
associations between parenting and child adjustment, we measured both negative and 
positive aspects of parenting and child adjustment. Negative parenting entailed behaviors 
reflecting negative control and hostility, whereas positive parenting entailed behaviors 
reflecting positive control and warmth (Maccoby & Martin, 1983). Child externalizing 
problem behaviors were used as the index of negative child adjustment, whereas prosocial 
behavior was used as the measure of positive child outcomes. Externalizing behaviors can 
be described as outer-directed, generating discomfort and conflict in the surrounding 
environment. They include hyperactive, oppositional, and aggressive behavior (Achenbach 
& Edelbrock, 1978). Prosocial behaviors are voluntary behaviors intended to benefit others 
(Eisenberg & Fabes, 1998). 
 In sum, in this study we tested whether observed differential reactivity operates as a 
differential susceptibility marker in a longitudinal study among a sample of kindergartners. 
To this end, we addressed three questions that build on each other: 

1: Does a subset of children exist that are both more likely to respond with negative 
emotions to the negative emotions of their mothers and with positive emotions to the 
positive emotions of their mothers (i.e., a differentially reactive group, scoring high on 
emotional reactivity)?

2: How do other temperament markers, parenting, and demographic characteristics 
relate to observed emotional reactivity?

3: Do children that react more strongly to their mothers’ emotions during moment-to-
moment interactions show stronger longitudinal associations between parenting and 
development?
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Methods

Participants
Information about the study was distributed to parents of children in grades 1 and 2 at 
49 regular elementary schools in the province of Utrecht, the Netherlands. Parents could 
voluntarily sign their children up for the study at a website, where they gave active informed 
consent, filled out their contact information, and completed a short screening questionnaire 
inquiring after children’s negative emotionality and surgency. In this way, 280 children (N 
= 264 mothers) signed up for the study. The study on emotional reactivity was part of this 
larger longitudinal study.
 For the more time-intensive study on emotional reactivity we selected a subsample 
of 192 children to visit at home and observe during parent-child interactions. Selection 
was based on children’s low/high scores on negative emotionality and surgency (see 
measures section for a description of these scales; see Slagt et al., 2017, for further details), 
using an extreme group approach (Preacher, Rucker, MacCallum, & Nicewander, 2005). 
185 Parents consented to participate in the parent-child interactions, of which 168 were 
mothers. Nineteen video clips were of insufficient quality to use (low quality image ànd 
sound, or siblings walking in on the interaction while both children were turned with their 
back to the camera, making it hard to distinguish between the siblings based on sound 
alone). Combining all these criteria (questionnaire data on parenting filled out by mothers, 
mothers participating in observations, high-quality video clips) resulted in a final sample of 
144 children. 
 Participating children were boys (54.9%) and girls (45.1%) between the ages of 3.79 
and 5.96 years at the start of the study (M = 4.70, SD = 0.56). Most of the children (97.2%) 
were born in the Netherlands, as were their mothers (93.8%). Mothers of participating 
children were between the ages of 25.29 and 47.85 years (M = 37.56, SD = 4.37) at the start 
of the study, and were mostly married (77.8%) or cohabiting (17.4%). Mothers were highly 
educated, with 4.2% having no high school diploma or having finished lower vocational 
education, 20.1% having finished intermediate vocational education, and 75.7% having 
finished higher vocational education or university. Gross annual household income was 
less than the national mode (€35,000) for 4.9% of families, between 1 and 1.5 times national 
mode for 17.1% of families, 1.5 to 2 times national mode for 35.0% of families, and more 
than 2 times the national mode for 43.1% of families. 
 The final sample for the emotional reactivity study (N = 144) did not differ from children 
excluded from this study (N = 136) on negative emotionality, surgency, effortful control, 
sensory processing sensitivity positive or negative parenting at T1, prosocial behavior at 
T1, child gender, parent age, country of birth child, country of birth parent, marital status, 
education level, or income of parents, as indicated by χ2- and independent samples t-tests. 
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The two exceptions were that children participating in the study were younger than children 
excluded from the study, M = 4.96, SD = 0.56 vs. M = 5.20, SD = 0.60, t(245) = 3.29, p < 
.001, d = 0.41, and had higher levels of externalizing behavior at T1, M = 3.77, SD = 3.69 
vs. M = 2.25, SD = 2.89, t(212) = -3.28, p < .001, d = 0.46. Complete data on study variables 
(observed emotional reactivity, child temperament traits, mother-reported parenting, and 
teacher-reported child behavior across three waves) were provided by 100% of the 144 
participating families at screening, and by 74% of the participating families at wave 1, 67% 
at wave 2 and 65% at wave 3. Children with complete data across waves did not differ from 
children with missing data on demographic variables or on study variables, as indicated by 
χ2- and independent samples t-tests. Missing values were handled in Mplus 7.4 using Full 
Information Maximum Likelihood (Enders & Bandalos, 2001).

Procedure
Parents filled out a screening questionnaire, based upon which children were selected 
for home visits. The home visits occurred approximately four months later, and included 
an experiment (not relevant for this paper, see Slagt et al., 2017, for a description) and 
observations of parent-child interactions. Children were visited at home twice by a 
researcher (the first author or a trained research assistant). During the first of these visits, 
the observations took place. A standard set of toys was brought in (puzzles, a train and 
railroad set, a tea set , and dominoes) and children and parents were asked to start playing 
with it. After a warm-up episode of five minutes, parents were asked to tell their child that 
it was their turn to pick a game, and encourage their child to play along with them (parent-
directed play, 5 minutes). Finally, parents were asked to tell their child it was time to stop 
playing, and that the toys should be put away. It was emphasized that they should try to have 
their children collect the toys and put them away (clean-up, 5 minutes). All parent-child 
interactions were videotaped and coded afterwards.
 The home visits coincided with the first wave of questionnaire data collection, after 
which two more waves of data collection took place, all spaced seven months apart. At 
each of these three waves (T1, T2, and T3) mothers reported on their parenting behaviors, 
while teachers reported on children’s externalizing and prosocial behavior. In addition, 
mothers provided information on children’s negative emotionality and surgency during 
the screening, and on children’s sensory processing sensitivity and effortful control at 
T1. Families were given a gift certificate after completing T1 and T3, and a lottery was 
organized in which two families who had participated in all three waves could win tickets 
to a theme park. Finally, regular newsletters were sent to the participating families and 
schools, keeping them informed on the progress of the study. 
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Measures
Emotional Reactivity
Two five-minute situations, parent-directed play and clean-up, were coded for each mother-
child duo. Mothers and children were coded by different coders, using the Relationship 
Affect Coding System (RACS; Peterson, Winter, Jabson, & Dishion, 2008). The RACS can be 
used to code verbal behavior, physical behavior, and emotions. For the purpose of this study, 
emotions were coded, namely anger/disgust, distress, ignoring, validation, positive affect, and 
neutral (see Peterson et al., 2008 for elaborate code descriptions). Both mothers and children 
received a code for each 5-second segment of the interaction. Mean coded trajectory length 
was 450 seconds (ranging from 40 to 600 seconds, SD = 99 seconds).
 Coding was done by nine coders, that had each received five one-hour training sessions. 
Interrater reliability with the main researcher was calculated on 10% of the sample, and was 
high: Cohen’s kappa .66-.72, interrater agreement 83%-86%. Halfway through the coding 
process, one video was coded by all coders and discussed during an additional training 
session, to assess and prevent observer drift. 
 Because we were interested in more general negative and positive affect, we combined 
anger/disgust, distress, and ignoring into negative emotions, and validation and positive 
affect into positive emotions, resulting in three potential codes: Negative emotions, Neutral, 
or Positive emotions. Further, to capture emotional reactivity, we focused on changes in 
emotions between 5-second intervals. Changes in emotions could range from -2 to 2: Positive 
to negative = -2 (becoming more negative); Positive to neutral = -1; Neutral to negative = 
-1; Positive to positive = 0 (stable); Neutral to neutral = 0; Negative to negative = 0; Neutral 
to positive = 1; Negative to neutral = 1; Negative to positive = 2 (becoming more positive). 
Figure 1 displays two examples of what different interactions can look like, with changes in 
maternal emotions on the x-axis and changes in children’s emotions on the y-axis. The dyad 
in Figure 1a is mostly stable in their emotions, while the dyad in Figure 1b changes more in 
their emotions over the course of the interaction. In our analyses, we collapsed categories -2 
and -1 into -1, and 1 and 2 into 1, to increase the number of observations in each cell. Thus, 
when examining changes in emotions, mothers and children could either become more 
positive (1), more negative (-1), or remain stable (0). 

Child Externalizing and Prosocial Behavior
Teachers reported on externalizing behaviors and prosocial behaviors at each wave using 
the Dutch version of the Strengths and Difficulties Questionnaire (Goodman, 2001; van 
Widenfelt, Goedhart, Treffers, & Goodman, 2003). Each subscale consists of five items, 
measured on a 3-point scale (1 = not true to 3 = definitely true). The subscales conduct 
problems (‘Often has temper tantrums or hot tempers’) and attention problems (‘Easily 
distracted, has trouble concentrating’) were summed to an externalizing behavior score, 
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while the items in the subscales prosocial (‘Considerate of other people’s feelings’) were 
summed to a prosocial behavior score. Cronbach’s αs for externalizing behavior and 
prosocial behavior were .83 and .77 at T1, .84 and .83 at T2, and .82 and .75 at T3. 

Mother

A

C
h
ild

Mother

B

C
h
ild

Figure 1. Two examples of mother-child interactions in Gridware. Changes in maternal emotions are 
displayed on the x-axis and changes in children’s emotions on the y-axis. They range from -2 (more 
negative), to 0 (stable), to 2 (more positive). The dyad in Figure 1a is mostly stable in their emotions, 
while the dyad in Figure 1b changes more in their emotions over the course of the interaction. 

Negative Parenting
Negative parenting was measured using four scales. The Overreactivity scale from the 
Parenting Scale (Prinzie, Onghena, & Hellinckx, 2007) contains nine items (e.g., ‘When 
my child misbehaves…. I speak calmly to my child vs. I raise my voice or yell’) answered 
a seven-point Likert scale, ranging from a high probability to use an effective discipline 
strategy to a high probability of making a discipline mistake. The Power assertion scale 
from the Parenting Dimensions Inventory (Power, 1993) contains twelve items, consisting 
of short scenarios to which the parent is asked to indicate the likelihood of responding in 
a specific way (e.g., ‘After an argument about toys your child hits his/her play mate…. How 
likely is it that you will use physical punishment’). Answers can range from 1 (very unlikely) 
to 5 (very likely). The Ignoring scale from the Nijmegen Parenting Questionnaire (Gerrits, 
Deković, Groenedaal, & Noom, 1996) consists of five items (e.g., ‘When my child does 
something that is not allowed, I oftentimes look angry and pretend like he/she is not there’), 
with answers ranging from 1 (totally disagree) to 6 (totally agree). Finally, the Inconsistent 
discipline from the Parenting Dimensions Inventory (Power, 1993) contains eight items 
(e.g., ‘My child oftentimes manages to convince me to punish him/her lighter than I 
intended’), with answers ranging from 1 (totally disagree) to 6 (totally agree). Confirmatory 
factor analysis in Mplus 7.2 shows that these four scales can be combined into one construct, 
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with factor loadings ranging between .46 and .90. Following van de Schoot, Lugtig, and Hox 
(2012) and Widaman, Ferrer, and Conger (2010), we established partial strict measurement 
invariance across waves (χ2 (318) = 443.66, p < .001, CFI = .962, TLI = .958, RMSEA = 
.040), which entails invariant factor loadings, measurement intercepts, and unique factor 
variances. Factor scores were saved and used for further analyses. Cronbach’s αs of the total 
scale were .87, .88, and .88 at T1, T2, and T3, respectively.

Positive Parenting
Positive parenting was measured using five scales. The Responsiveness scale from the 
Nijmegen Parenting Questionnaire (Gerrits et al., 1996) contains eight items (e.g., ‘I 
help my child well when he/she has difficulties’) with answers ranging from 1 (totally 
disagree) to 6 (totally agree). The Autonomy granting scale from the Nijmegen Parenting 
Questionnaire (Gerrits et al., 1996) consists of four items (e.g., ‘I regularly encourage my 
child to explore things’), answers ranging from 1 (totally disagree) to 6 (totally agree). The 
Positive interactions scale from the Parenting Practices Scale (Strayhorn & Weidman, 1988) 
contains five items (e.g., ‘How often do you and your child laugh together’), with answers 
ranging from 1 (never) to 5 (several times a day). The Positive parenting scale from the 
Alabama Parenting Questionnaire (Essau, Sasagawa, & Frick, 2006) contains six items (e.g., 
‘You praise your child when he/she behaves well’), answers ranging from 1 (never) to 5 
(always). Finally, the Inductive discipline scale from the Parenting Dimensions Inventory 
(Power, 1993) contains twelve items consisting of short scenarios to which the parent is 
asked to indicate the likelihood of responding in a specific way (e.g., ‘After an argument 
about toys your child hits his/her play mate…. How likely is it that you will point out the 
consequences of your child’s behavior to your child’). Answers are given ranging from 1 
(very unlikely) to 5 (very likely). Confirmatory factor analysis in Mplus 7.2 shows that these 
five scales can be combined into one construct, with factor loadings ranging between .34 
and .67. We established partial strict measurement invariance across waves (χ2 (318) = 
443.66, p < .001, CFI = .962, TLI = .958, RMSEA = .040). Factor scores were saved and used 
for further analyses. Cronbach’s αs of the total scale were .84, .84, and .86, at T1, T2, and T3. 

Negative Emotionality, Surgency and Effortful Control
Children’s negative emotionality, surgency, and effortful control were assessed using the 
Dutch version of the Children’s Behavior Questionnaire—Short From (Putnam & Rothbart, 
2006; Rothbart, Ahadi, Hershey, & Fisher, 2001). Mothers reported children’s Anger/
frustration (‘Has temper tantrums when s/he doesn’t get what s/he wants’), Soothability 
(‘Is very difficult to soothe when s/he has become upset’), Fear (‘Is afraid of burglars or the 
‘boogie man.’’), Sadness (‘Cries sadly when a favorite toy gets lost or broken’), Impulsivity 
(‘Usually rushes into an activity without thinking about it’), Activity level (‘Seems always 
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in a big hurry to get from one place to another’), Approach (‘Becomes very excited while 
planning for trips’), High intensity pleasure (‘Likes going down high slides or other 
adventurous activities’), Attentional focusing (‘Is easily distracted when listening to a story’), 
and Inhibitory control (Can easily stop an activity when s/he is told ‘no’’). Items could be 
answered on a 7-point scale ranging from 1 (extremely untrue of your child) to 7 (extremely 
true of your child). A not applicable response option was also available, for when the child 
had not been observed in the situation described. Scale scores were created by averaging 
applicable item scores. Following previous research (Rothbart et al., 2001), the Anger/
frustration, reversed Soothability, Fear, and Sadness scales were subsequently averaged into 
a negative emotionality score (α = .85). The Impulsivity, Activity level, Approach, and High 
intensity pleasure scales were averaged into a surgency score (α = .90). The Attentional 
focusing and Inhibitory control scales were averaged into an effortful control score (α = .74). 

Sensory Processing Sensitivity
Children’s sensory processing sensitivity was assessed using a Dutch twelve-item parent-
report version (adapted from Pluess & Boniwell, 2015; Pluess et al., 2016) of the Highly 
Sensitive Person scale (Aron & Aron, 1997), which was back-translated together with the 
second author. Items could be answered on a 7-point scale ranging from 1 (not at all) to 
7 (extremely), with higher scores indicating higher sensory processing sensitivity. Internal 
consistency was satisfactory (α = .79). 

Analyses
Prior to analyses, outliers (N = 9) were recoded to three SD’s from the mean. To control 
for inflation of Type I error rates we applied a False Discovery Rate (FDR) procedure to all 
results, which takes into account the proportion of expected false positive results among a 
set of significant findings (Benjamini & Hochberg, 1995). 

Question 1: Does a subset of children exist who are both more likely to respond 
with negative emotions to the negative emotions of their mothers and with positive 
emotions to the positive emotions of their mothers? 
Raw coded data were imported into Gridware (Lamey, Hollenstein, Lewis, & Granic, 2004; 
Lewis, Lamey, & Douglas, 1999), yielding trajectories of mother-child interactions for 
each mother-child duo. Trajectory length was controlled for in all analyses. Next, several 
new variables were exported from Gridware to SPSS. These included the percentage of 
interaction time children or mothers showed negative, neutral, or positive emotions (six 
variables, for descriptive purposes), the percentage of interaction time children or mothers 
changed their emotions to become more negative or more positive, or remain stable (six 
variables, for descriptive purposes), and finally, changes in children’s emotions given prior 
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changes in maternal emotions (for latent profile analyses; for a precise description of these 
variables, see the Results section and Table 2).
 Emotional reactivity profiles were created using latent profile analysis (LPA) in Mplus 7.4 
(Muthén & Muthén, 1998-2012). We used Mplus default settings, apart from increasing the 
number of initial stage random starts (400), final stage optimizations (100), and initial stage 
iterations (20). Models were compared using Akaike Information Criterion (AIC), Bayesian 
Information Criterion (BIC), entropy, the Lo-Mendell-Rubin Likelihood-Ratio Test (LMR), 
and the Bootstrapped Likelihood-Ratio Test (BLRT). Lower AIC and BIC indicate better 
fit. Entropy closer to one is an indicator of higher accuracy with which participants are 
assigned to profiles. Significant LMR and BLRT indicates that a model with K profiles fits 
the data significantly better compared to a model with K-1 profiles. In addition, we took into 
account the size of the profiles, checking whether solutions contained profiles consisting of 
5% or fewer participants. 

Question 2: How do other temperament markers and demographic characteristics 
relate to observed emotional reactivity?
To further characterize the profiles, we tested whether profiles differed on outcome variables, 
namely negative emotionality, surgency, effortful control, sensory processing sensitivity, 
child age, gender, and parental education level. We used the recommended 3-step approach, 
which involves deciding upon an LPA solution, determining the measurement error of the 
most likely profile membership variable, and finally using this variable to predict distal 
outcomes (Asparouhov & Muthén, 2014).

Question 3: Do children who react more strongly to their mothers’ emotions during 
moment-to-moment interactions show stronger longitudinal associations between 
parenting and development?
To answer this research question, we used latent growth curve modelling (LGM; Duncan, 
Duncan, & Strycker, 2006) and the latent moderated structural equation technique (LMS; 
Klein & Moosbrugger, 2000) in Mplus 7.2 (Muthén & Muthén, 1998-2012). LGM provides 
mean levels (i.e., intercepts) and change rates (i.e., slopes) that represent the developmental 
trajectories of variables. Variances of these growth factors reflect interindividual variation 
in the level or rate of change (Duncan et al., 2006). LMS allows for testing interactions 
between observed (i.e., temperament) and latent (i.e., intercept and slope of parenting) 
variables. All models were estimated using robust maximum likelihood estimation (MLR), 
which yields standard errors that are robust to non-normality. 
 Analyses proceeded in five steps, leading up to the actual test of this third research 
question. First, we fitted four univariate growth curves to model changes in positive 
parenting, negative parenting, prosocial behavior, and externalizing behavior. At least two 
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slope factor loadings must be fixed to two different values to identify the model (Duncan 
et al., 2006). For positive and negative parenting, we specified a change trajectory by fixing 
the slope factor loadings for T1 and T3 to 0 and 1, with the factor loading for T2 freely 
estimated. Freely estimating the second factor loading enabled us to model an unspecified 
trajectory in which the shape of the trajectory is determined by the data. For prosocial and 
externalizing behavior, we specified a change trajectory by fixing the slope factor loadings 
for T1 and T3 to -1 and 0. By fixing the slope loadings in this way, the slopes represent the 
rate of change (increase or decrease) from T1 to T3. Further, the intercepts now correspond 
to the initial level (at T1) in the case of parenting, and to the level at the end of the study 
(T3) for child behavior, in line with our hypotheses. To retain enough degrees of freedom, 
error variances were set equal1.
 Second, we examined the associations between parenting and child behavior using 
bivariate LGM, combining the univariate growth models. Given concerns about the large 
number of parameters being estimated if all constructs had been included in the same 
model, four separate models were estimated: 1) positive parenting with prosocial behavior, 
2) positive parenting with externalizing behavior, 3) negative parenting with prosocial 
behavior, 4) negative parenting with externalizing behavior. 
 Third, we added main effects of emotional reactivity profiles found under question 1 
to each of the four bivariate LGM’s described under step 2, yielding four new multivariate 
models. A precise description of the emotional reactivity variables that resulted from the 
LPA and that were entered into the LGM’s is provided in the Results section; for brevity, we 
refer to this variable as ‘emotional reactivity’. We used χ2, CFI, and RMSEA to assess model 
fit in steps 1 to 3. 
 The actual test of this third research question involved testing interactions using LMS, in 
this fourth step. Four models were estimated, namely the four models as described in step 3 
with interactions of parenting behaviors with emotional reactivity added. Typical fit indices 
are not available with models that use latent variable interactions due to adjustments made 
during estimation (Muthén & Muthén, 1998–2012). As such, measures of relative fit (e.g., 
Bayesian information criteria) were used to compare models with and without interactions, 
as well as log likelihood ratio difference tests using an appropriate correction for the MLR 
estimator (Satorra & Bentler, 2001).
Finally, significant interactions will be followed by estimating the relation between the 
predictor and the outcome at temperament values plus, exactly at, or minus one SD from 
the sample mean (Cohen, Cohen, West, & Aiken, 2003). Furthermore, to demonstrate 
a differential susceptibility effect, we calculated the region of significance with respect 
to the predictor (i.e., parenting) in case of a significant interaction (Preacher, Curran, & 
Bauwer, 2006; Roisman et al., 2012). This region identifies the range of predictor values 
1 For externalizing and prosocial child behavior, only the error variances for T1 and T2 were set equal. The 

error variance for T3 was constrained to .0001, because otherwise it would become negative. 
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for which regression lines estimated at different temperament values (or more precisely, 
point estimates on these lines) significantly differ from each other. When differential 
susceptibility is warranted, these lines should differ significantly both at low values (M -2 
SD) of the predictor (‘for worse’) and at high values (M + 2 SD) of the predictor (‘for better’) 
(Roisman et al., 2012). If diathesis-stress is warranted, these lines should differ only at the 
‘for worse’ side of the predictor. If vantage sensitivity is warranted, these lines should differ 
only at the ‘for better’ side of the predictor.

Results

Question 1: Does a Subset of Children Exist Who are Both More Likely to Respond 
With Negative Emotions to the Negative Emotions of Their Mothers and With 
Positive Emotions to the Positive Emotions of Their Mothers?
Describing emotions
Prior to the latent profile analyses, we first examined the emotions children and mothers 
showed during the interactions, the extent to which they changed their emotions during the 
interactions, and children’s emotional reactivity to maternal emotions. In Table 1, the first 
two columns display the percentage of time children and mothers show negative, neutral, 
or positive emotions. Of note is that mothers and children display few negative emotions. 
The second two columns display the percentage of time children and mothers change their 
emotions to become more negative or more positive, or remain stable. Here the distribution 
seems more normal, with mothers and children becoming more negative or more positive 
in their emotions approximately one third of the time. Note that these statistics are not about 
emotional reactivity yet, because they do not describe children’s reactions to maternal emotions.
 
Table 1. Descriptive Statistics of Emotions of Mothers and Children

% of coded trajectory length 
children or mothers show emotion

% of coded trajectory length 
children or mothers change to more 
negative or more positive emotions

M SD M SD

Child

   negative / more negative   6.61   8.15 12.80   4.69

   neutral / stable 72.67 14.84 68.43 10.29

   positive / more positive 20.72 13.97 12.89   4.80

Mother

   negative / more negative   2.19   3.56 13.89   4.89

   neutral / stable 75.85 10.81 66.14 10.15

   positive / more positive 21.96   9.76 14.09   5.05
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 Table 2 presents all possible combinations of changes in mothers’ emotions with 
subsequent changes in children’s emotions, expressed in percentage of coded trajectory 
length). Not all of these variables were relevant to use as input for the latent profile analyses2. 
In essence, we were interested in whether subsets of children would exist that a.) show 
more  negative emotions when their mothers show more negative emotions, b.) show more 
positive emotions when their mothers show more positive emotions, c.) do both, d.) do 
neither. The two variables that most directly describe these hypothesized classes are ‘given 
mother more negative, child more negative’ (i.e., negative emotional reactivity) and ‘given 
mother more positive, child more positive’ (i.e., positive emotional reactivity). Negative 
and positive emotional reactivity correlate .33, and it is therefore plausible that a general 
emotional reactivity profile could emerge. 

Table 2. Descriptive Statistics of Changes in Children’s Emotions Given Changes in Mothers’ Emotions

% of coded trajectory length M SD

Given mother more negative, child more negative (‘negative emotional reactivity’) 23.98 12.67

Given mother more negative, child stable 63.41 17.16

Given mother more negative, child more positive 12.50 10.63

Given mother stable, child more negative 14.92 6.66

Given mother stable, child stable 69.44 11.88

Given mother stable, child more positive 15.64 6.40

Given mother more positive, child more negative 15.49 11.41

Given mother more positive, child stable 61.01 19.36

Given mother more positive, child more positive (‘positive emotional reactivity’) 23.24 13.92

 Next, we examined how changes in mother’s emotions were associated with subsequent 
changes in children’s emotions. In doing so, we took into account baseline emotions of 
children. Thus, for a given 5-second interval Tn, we examined how changes in maternal 
emotions from interval Tn to interval Tn+1 would co-occur with changes in children’s 
emotions from interval Tn to Tn+2.

2 How children change their emotions if mothers do not change their emotions (i.e., remain stable), was 
less relevant to consider, as it is unclear to what input from their environment, if any, children are reacting 
in this case. The reverse, when children do not change their emotions while mothers did do so, could be 
considered as a ‘lack of emotional reactivity’ on children’s part. However, these variables are more or less 
the counterparts of the negative and positive emotional reactivity variables most relevant to our question. 
In fact, they correlate -.80 with these variables, and would therefore provide redundant information when 
creating latent profiles. Finally, the variables ‘given mother more negative, child more positive’ and ‘given 
mother more positive, child more negative’ occurred fairly infrequently compared to the other variables, 
and provide little information about reactivity ‘for better and for worse’.
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Latent Profile Analysis
Emotional reactivity profiles were created using latent profile analysis (LPA) in Mplus 7.4 
(Muthén & Muthén, 1998-2012). We used the negative emotional reactivity (‘given mother 
more negative, child more negative’) and positive emotional reactivity variables (‘given 
mother more positive, child more positive’) reported in Table 2 as profile indicators. As 
recommended by Marsh, Lüdtke, Trautwein, and Morin (2009), we based our final choice 
regarding the number of profiles on the fit indices reported in Table 3 in combination with 
the theoretical consistency, parsimony and interpretability of results. As is often the case 
with LPA (e.g., Flaharty & Kiff, 2012), the different fit indices were ambiguous regarding 
the best fitting model. AIC continued to decrease up to a model with four profiles, while 
BIC, LMR, and BLRT suggested that a two-profile model best fit the data. Entropy was 
quite stable over different solutions, only the three-profile solution had a lower value. Visual 
inspection of the various solutions indicated that the model with two profiles included one 
‘average reactive’ profile and one ‘high reactive’ profile. The four-profile solution included 
an additional severity profile (‘low reactive’) and a distinct ‘negative reactive’ profile (high 
on negative emotional reactivity, average on positive emotional reactivity). However, this 
last profile only included 6% (N = 9) of the participants. Moreover, the four-profile solution 
was favored by only one out of five fit indices. We therefore retained the two-profile solution 
to describe our data. 

Table 3. Model Fit Statistics of Latent Profile Analysis

1 Class 2 Classes 3 Classes 4 Classes 5 Classes

Nr. free parameters       4       7     10     13     16

AIC 2387.52 2371.82 2371.55 2366.64 2368.81

BIC 2399.56 2392.89 2401.65 2405.78 2416.98

Entropy N/Aa         .73         .54         .75         .81

p LMR N/Aa         .04         .31         .35         .26

p BLRT N/Aa       <.001         .31         .08         .67

LT5%       0       0       0       0       2
a Entropy, LMR and BLRT not available for the one-class model. 
AIC = Akaike’s Information Criterion; BIC = Bayesian Information Criterion; p LMR = p-value for the Lo-Mendel-
Rubin likelihood ratio test for K versus K-1 classes; p BLRT = p-value for the Bootstrapped likelihood ratio test for 
K versus K-1 classes; LT5% Number of classes containing less than 5% of cases.

Description of the two-class LPA model
The average probability of profile membership in the two-profile membership was high: 93% 
for profile 1 and 85% for profile 2, which implies good discrimination among the classes. 
Profile 1 consisted of 87% (N = 130) of the participants. Children in this profile displayed 
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negative emotional reactivity during 21.44% of the coded trajectory length, and positive 
emotional reactivity during 19.11% of the coded trajectory length. Profile 2 consisted of 
13% (N = 20) of the participants. Children in this profile displayed negative emotional 
reactivity 35.31% of the coded trajectory length, and positive emotional reactivity 42.63% 
of the coded trajectory length. We named children in profile 1 ‘high reactive’ and children 
in profile 2 ‘average reactive’. 

Question 2: How do Other Temperament Markers and Demographic 
Characteristics Relate to Observed Emotional Reactivity? 
To further characterize the profiles, we tested whether profiles differed on distal outcome 
variables. Children in the high reactive profile scored higher on surgency compared to 
children in the average reactive profile (Table 4). Children in the average reactive and high 
reactive profiles did not differ from each other on negative emotionality, effortful control, 
sensory processing sensitivity, and age or gender. Finally, children in the high reactive 
profile received lower levels of negative parenting, and similar levels of positive parenting, 
compared to children in the average reactive profile.

Question 3: Do Children Who React More Strongly to Their Mothers’ Emotions 
During Moment-to-moment Interactions Show Stronger Longitudinal 
Associations Between Parenting and Development?
In subsequent analyses children’s predicted profile membership (0 = average reactive, 
1 = high reactive), is referred to as ‘emotional reactivity’. To answer the final and most 
fundamental question of this study we tested whether emotional reactivity acted as a 
moderator of associations between parenting and child behavior.3 

Descriptive results
Descriptive statistics for measures of child behavior, parenting, and emotional reactivity 
are presented in Table 5, and correlations in Table 6. Children’s externalizing and prosocial 
behavior as well as mothers’ positive and negative parenting all displayed high rank-order 
stability, both from T1 to T2 and from T2 to T3. Further, children high on emotional 
reactivity had mothers who reported lower levels of negative parenting across all three 
waves.4 

3 We repeated analyses using the probability of high reactive profile membership as a moderator, as this 
retains more information about children’s emotional reactivity compared to a dichotomous emotional 
reactivity variable. Results obtained using these analyses were essentially the same as those reported in 
this manuscript, and can be requested from the first author. 

4 We reran all analyses for question 3 controlling for correlations between the intercept of negative parenting 
and emotional reactivity. The results obtained in this way were highly similar to the ones reported in this 
manuscript. 
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Table 4. Differences Between Latent Profiles

Outcome M (SE) or %  
Average reactive profile

M (SE) or %  
High reactive profile χ2 (df = 1) p

Negative emotionality 3.28 (0.07) 3.40 (0.17) 0.35 .55

Surgency 4.02 (0.09) 4.75 (0.22) 8.36 .004

Effortful control 5.23 (0.09) 4.89 (0.23) 1.65 .20

Sensory processing sensitivity 4.29 (0.09) 3.96 (0.22) 1.65 .20

Child age 4.70 (0.06) 4.74 (0.13) 0.08 .77

Child gender 48% 37% 0.39 .53

Education parents low   4%   5%  3.88a .27

  moderate 20% 21%

  high 42% 21%

  university 34% 53%

Negative parenting T1 2.71 (0.07) 2.28 (0.16) 5.52 .02

Positive parenting T1 5.15 (0.03) 5.30 (0.07) 0.49 .49
a df = 3

Table 5. Descriptive Statistics of Emotional Reactivity, Child Behaviors, and Parenting (N = 144)

M or % SD

Mother-child interactions

   Child negative reactivity (% of interaction time) 23.98 12.67

   Child positive reactivity (% of interaction time) 23.24 13.92

   Emotional reactivity (i.e., % in high reactive profile) 13.33 -

Covariates and outcomes

   Externalizing T1 3.76 3.66

   Externalizing T2 3.64 3.71

   Externalizing T3 3.46 3.59

   Prosocial T1 7.31 2.06

   Prosocial T2 7.59 2.21

   Prosocial T3 7.78 2.02

   Negative parenting T1 2.64 0.67

   Negative parenting T2 2.69 0.67

   Negative parenting T3 2.69 0.66

   Positive parenting T1 5.16 0.26

   Positive parenting T2 5.05 0.29

   Positive parenting T3 5.10 0.27

Note. T1 = Time 1; T2 = Time 2; T3 = Time 3
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Change in parenting behavior and child behavior
We started by modeling change in parenting behavior and child behavior, and by examining 
whether participants would vary in both their initial score as well as in how much they 
change. Significant variability is a prerequisite that must be met before intercepts and slopes 
can be used as predictors or outcomes in subsequent models (Duncan et al., 2006). When 
the nonlinear model did not provide significant incremental fit, a more parsimonious, linear, 
model was selected (in which the T2 slope loading was constrained to 0.5). Linear growth 
models were preferred for negative parenting (χ2(3) = 3.20, p = .36, CFI = 0.99, RMSEA = 
0.02, compared to nonlinear model, Δχ2(1) = 0.05, p = .82), externalizing behavior (χ2(3) = 
0.22, p = .98, CFI = 1.00, RMSEA = 0.00, compared to nonlinear model, Δχ2(1) = 0.00, p = 
. 99), and prosocial behavior (χ2(3) = 0.34, p = .95, CFI = 1.00, RMSEA = 0.00, compared 
to nonlinear model, Δχ2(1) = 0.09, p = .76). A nonlinear growth model was preferred for 
positive parenting (χ2(2) = 1.80, p = .41, CFI = 1.00, RMSEA = 0.00, compared to linear 
model, Δχ2(1) = 51.71, p < .001). 
 Parameter estimates of the final univariate models are shown in Table 7. On average, 
mothers decreased in positive parenting across the study, although this decrease took place 
between T1 and T2, followed by a slight increase between T2 and T3 (see slope loading). 
Further, mothers linearly increased in negative parenting. Mothers varied in their level of 
positive and negative parenting at the beginning of the study, but not in the extent to which 
their parenting behaviors changed across the study. Together, this indicates that variation 
in the intercepts of parenting behavior can be used as a predictor of child behavior, but 
variation in the slopes of parenting behavior cannot. Children’s level of externalizing 
behavior remained stable throughout the study, but their prosocial behavior increased. 
Further, Children varied in their level of externalizing and prosocial behavior at the 
beginning of the study (intercept) and in how much their behavior changed over the course 
of the study (slope). 

Table 7. Parameter Estimates of the Univariate Latent Growth Models 

Intercept Slope Intercept  Slope

Slope loading T2 M σ2 M σ2 r

Positive parenting 1.71 5.16*** 0.06*** -0.06*** 0.001   .40

Negative parenting 0.50 2.65*** 0.43*** 0.05* 0.04 -.21

Externalizing behavior -0.50 3.46*** 13.53*** -0.27 8.62*** .56***

Prosocial behavior -0.50 7.91*** 4.13*** 0.56** 2.74** .71***

Note. T2 = Time 2.
* p < .05; ** p < .01; *** p < .001.
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Associations between parenting behavior and child behavior
Next, we examined associations between parenting behavior and child behavior in 
four bivariate models (Table 8). All models showed good fit (negative parenting => 
externalizing behavior: χ2(13) = 9.29, p = .75, CFI = 1.00, RMSEA = 0.00; positive parenting 
=> externalizing behavior: χ2(12) = 12.77, p = .39, CFI = 1.00, RMSEA = 0.02; negative 
parenting => prosocial behavior: χ2(13) = 15.49, p = .28, CFI = 1.00, RMSEA = 0.04; positive 
parenting => prosocial behavior: χ2(12) = 20.53, p = .06, CFI = 0.99, RMSEA = 0.07). None 
of the parenting behaviors predicted (changes in) externalizing or prosocial behavior.

Associations between emotional reactivity, temperament and child behavior
Associations between emotional reactivity and child behavior were examined next, in 
four multivariate models.5 These models also included the associations between parenting 
behaviors and child behaviors estimated in the previous step. All models showed good fit 
(negative parenting => externalizing behavior: χ2(17) = 15.26, p = .58, CFI = 1.00, RMSEA 
= 0.00; positive parenting => externalizing behavior: χ2(16) = 19.14, p = .26, CFI = 0.99, 
RMSEA = 0.04; negative parenting => prosocial behavior: χ2(17) = 21.41, p = .21, CFI = 
0.99, RMSEA = 0.04; positive parenting => prosocial behavior: χ2(16)= 26.69, p = .05, CFI 
= 0.98, RMSEA = 0.07). Children’s emotional reactivity did not predict their externalizing 
or prosocial behavior (Table 8).

Interactions between emotional reactivity and parenting 
Finally, we examined interactions between parenting and emotional reactivity predicting 
child behavior in four latent moderated structural equation models. In each model, we 
tested interactions between emotional reactivity and one parenting behavior, predicting 
the intercept and slope of child behavior. Table 9 shows that none of the models containing 
interactions between parenting and emotional reactivity demonstrated better fit compared 
to their corresponding models without interactions. That is, the loglikelihoods were not 
significantly closer to zero in the models with interactions (estimated in this step) compared 
to models without interactions (estimated in the previous step). Parameter estimates in 
Table 8 confirm this, and indicate that emotional reactivity did not interact with either 
positive or negative parenting, in predicting externalizing and prosocial behavior. 

5 Analyses in this step and the next step were reran while including main effects well-known susceptibility 
markers (negative emotionality) as well as significant moderators based on previous work in this sample 
(sensory processing sensitivity; Slagt, Dubas, van Aken, et al., 2016), to rule out potential confounding 
effects. Moreover, because surgency had been used in the selection process of the sample and was 
found to be associated with emotional reactivity in Question 2, it was included as well. Results show that 
neither emotional reactivity nor negative emotionality nor sensory processing sensitivity were related to 
externalizing or prosocial behavior. Surgency did predict externalizing behavior at T3. More importantly, 
results with respect to moderation by emotional reactivity did not change when including negative 
emotionality, sensory processing sensitivity and surgency as covariates in the model. 
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Discussion

How children differ in susceptibility to environmental influences in terms of developmental 
outcomes has mostly been studied focusing on long-term changes, spanning months or 
years. Whether children can be susceptible ‘for better and for worse’ within parent-child 
interactions, and whether this translates into differential susceptibility to parenting 
in developmental time, is unclear. In this study we used a combination of micro level 
observation data and longitudinal questionnaire data to study the relationship between 
differential reactivity and differential susceptibility. First, we examined whether a subset of 
children, compared to other children, would be both more likely to respond with negative 
emotions to the negative emotions of their mothers as well as with positive emotions to 
the positive emotions of their mothers, showing emotional reactivity ‘for better and for 
worse’. Next, we tested whether emotional reactivity would be associated with temperament 
markers and parenting. Finally, we tested whether the same children that react most strongly 
to their parents’ emotions during moment-to-moment interactions are also the ones whose 
development over a year is most strongly predicted by parenting at the beginning of that 
year. We found a group of children (13%) that was emotionally reactive ‘for better and 
for worse’. Highly reactive children, compared to average reactive children, scored higher 
on the temperament trait of surgency, but not on other potential markers of differential 
susceptibility: negative emotionality, effortful control, or sensory processing sensitivity. 
They also received lower levels of negative parenting. Finally, and most importantly, 
associations of negative and positive parenting with externalizing and prosocial behavior 
were similar (and non-significant) for high reactive children and average reactive children, 
suggesting that that children who are reactive ‘for better and for worse’ are not necessarily 
developmentally susceptible ‘for better and for worse’.

Differential Reactivity ‘For Better and For Worse’
In response to our first question concerning emotional reactivity profiles, latent profile 
analysis identified two profiles of children: A high reactive and an average reactive profile. 
Children in the high reactive profile (13%), compared to children in the average reactive 
profile (87%), were both more likely to respond with increasingly negative emotions to 
increasing negative emotions of their mothers (i.e., ‘for worse’, short-term) as well as with 
increasingly positive emotions to increasingly positive emotions of their mothers (i.e., 
‘for better’, short-term). Differential susceptibility to the environment has been studied at 
long-term (differential susceptibility) and short-term (differential reactivity) levels. While 
previous research has found support for some children being more susceptible to positive 
and negative parenting as reflected in their development over the years (Ellis et al., 2011), 
the current results suggest that certain children also respond more strongly to their parents’ 
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positive and negative emotions within day-to-day parent-child interactions, as reflected in 
their own positive and negative emotions. Thus, we found support for differential reactivity, 
with some children being more emotionally reactive ‘for better and for worse’. 
 Especially interesting in light of the current results is the work by Ellis, Oldehinkel, and 
Nederhof (2016), testing the adaptive calibration model: A theory that focusses on how 
environmental conditions early in life can calibrate individuals’ stress response systems, 
resulting in distinct responsivity (or susceptibility) profiles. Using latent profile analyses 
and based on several measures of the stress response system, they found support for 
four responsivity profiles among a sample of adolescents. The sensitive profile (10%) was 
characterized by heightened stress responsivity across all stress response system subsystems, 
but also fast recovery of these systems. This pattern of responsivity is believed to enhance 
social learning and engagement with the environment. Importantly, this profile was also 
characterized by a childhood environment involving high levels of warmth and low levels 
of stress. The high reactive profile found in the current study seems most similar to this 
sensitive profile in terms of reactivity levels, low levels of negative parenting, and percentage 
of the sample belonging to this group. Next, the buffered profile (74%) had moderate 
scores on basal arousal, reactivity, and recovery across stress response subsystems, and was 
associated with conditions of moderate childhood environmental stress. Individuals with 
this pattern of stress responsivity are thought to strike a balance between the costs (e.g., 
immune, energetic) and benefits (adaptation to environment) of responsivity. The average 
reactive profile found in the current study seems most similar to this buffered profile. Two 
further profiles emerged, that were both associated with stressful childhood environments: 
A vigilant profile (6%), which was hypothesized to enable people to cope with dangers and 
threats in the physical and social environment, and an unemotional profile (10%), which 
represented a general unresponsivity to the environment, for instance blocking information 
about dangers and threats. 
 That we found two profiles that were most similar to the sensitive and buffered profiles is 
perhaps not surprising. In our well-functioning sample of high SES families, where parents 
displayed relatively high levels of positive and relatively low levels of negative parenting, 
sensitive (in our study emotionally reactive) and buffered (in our study average reactive) 
profiles would be most likely to emerge. Future research should strive to use samples that 
have more environmental variance, especially at the stressful, harsh end of the spectrum. 
Perhaps negatively reactive and low reactive profiles, in addition to the current high reactive 
and average reactive profiles, would be more likely to emerge in such samples. 

Differential Reactivity and Temperament Traits
With respect to our second question concerning associations between emotional reactivity 
profiles and other temperament markers and demographic characteristics, we found that 
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highly emotionally reactive children were higher on surgency compared to average reactive 
children. Surgency reflects a predisposition to be actively involved with the environment, as 
can be seen in, for instance, the tendency to approach novelty, to enjoy intense activities, and 
to be sociable, active, and impulsive (Putnam, Ellis, & Rothbart, 2001). While it is presently 
impossible to distinguish whether emotional reactivity gives rise to surgency, surgency gives 
rise to emotional reactivity, or whether underlying neurobiological factors generate both, 
these findings provide a first indication of how to conceptualize the emotionally reactive 
children in this study. 
 Children in the average reactive and high reactive profiles did not differ from each 
other on negative emotionality, effortful control, sensory processing sensitivity, and age or 
gender. Previous research, however, has found children higher on negative emotionality 
(Belsky & Pluess, 2009; Slagt, Dubas, Deković, et al., 2016) or on sensory processing 
sensitivity (Pluess & Boniwell, 2015; Slagt, Dubas, van Aken, et al., 2016) to be more 
susceptible to environmental influences. Emotional reactivity as found in this study seems 
to be unrelated to these markers of developmental susceptibility. This suggests that it may 
be unlikely for children who are identified as susceptible ‘for better and for worse’ using 
negative emotionality and sensory processing sensitivity, to be the same ones who are also 
reactive ‘for better and for worse’ within parent-child interactions. However, theoretically, it 
would be possible that emotionally reactive children are also susceptible, but that negative 
emotionality / sensory processing sensitivity and emotional reactivity are picking up on 
different subsets of susceptible children. This notion is consistent with our final question, 
where we tested whether reactivity ‘for better and for worse’ is related to susceptibility ‘for 
better and for worse’. 

Differential Reactivity and Differential Susceptibility
Associations between parenting and the development of prosocial and externalizing 
behavior turned out to be similar for children in the high reactive and average reactive 
profiles. Thus, it seems that children who are reactive ‘for better and for worse’ within parent-
child interactions are not necessarily more susceptible to parenting on a developmental 
time scale. 
 Differential susceptibility has been studied focusing on more long-term developmental 
changes (e.g., Belsky & Pluess, 2009; Ellis et al., 2011) and, to a lesser extent, focusing on 
short-term changes (e.g., Quas et al., 2004; Sasaki et al., 2013; Slagt et al., 2017). This study 
provides a first indication that these two groups of studies may have been tapping into 
different constructs, or may have been studying different children. Previous research using 
this sample found support for differential susceptibility, with children higher on sensory 
processing sensitivity being more susceptible ‘for better and for worse’ as expressed in 
externalizing behavior (Slagt, Dubas, van Aken, et al., 2016). In the current study, using 
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the same sample, we found support for differential reactivity ‘for better and for worse’. Yet 
children in the high reactive profile were not found to be more susceptible ‘for better and 
for worse’. Thus, it seems that sensory processing sensitivity and emotional reactivity are 
picking up on different subsets of susceptible children in this sample. Together, these results 
indicate that it may not be justified to assume that differential reactivity and differential 
susceptibility are related. 
 One potential explanation may be that for reactivity, a broad underlying neural network 
must be present that allows individuals to detect, monitor, and respond to a wide range 
of different stimuli (Snell-Rood, 2013; Stamps, 2016). Reactivity has been suggested to be 
matter of activating different neurons that are already present. Developmental susceptibility 
on the other hand, may require developmental changes such as forming new connections 
between neurons and eliminating others —a process that is likely tailored to the environment 
individuals grow up in. Over time, this specialization could perhaps result in having a more 
limited set of responses to certain environmental stimuli (but responses that are better 
suited to the childhood environment). If this is true, one would not expect reactivity to a 
wide range of stimuli and susceptibility ‘for better and for worse’ to occur within the same 
person.  
 While our findings point to emotional reactivity to both negative and positive parental 
emotions being unrelated to susceptibility, they constitute no more than a first attempt at 
trying to answer this fundamental question. Future research should try to replicate, but 
also extend our findings. For instance, our operationalization of emotional reactivity was 
less broad compared to the definition mentioned in the literature, which encompasses 
threshold, intensity, and duration of emotional responses (Rothbart & Derryberry, 1981). 
Moreover, we focused on emotional reactivity to both negative and positive stimuli in 
the environment, but other forms of reactivity exist too, such as reactivity in behavior 
or cognition (e.g., Quas et al., 2004; Sasaki et al., 2013; Slagt et al., 2017). How other 
expressions of differential reactivity relate to differential susceptibility should be studied 
before drawing final conclusions about the extent to which differential reactivity and 
differential susceptibility are related.

Limitations
The results of this study should be considered whilst keeping in mind three limitations. 
First, the number of children in the high reactive group was relatively small. This may have 
limited the power to find group differences when comparing with the average reactive group, 
or to find moderation by reactivity group. Yet while the absolute number of high reactive 
children was small, the percentage of high reactive children was comparable to what has 
been found in previous studies on individual differences in reactivity (Aron et al., 2012; 
Ellis et al., 2016; Woodward, Lenzenweger, Kagan, Snidman, & Arcus, 2000). Moreover, a 
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candidate gene variant that has been repeatedly associated with increased susceptibility to 
negative as well as positive experiences (Belsky & Pluess, 2009; van IJzendoorn, Belsky, & 
Bakermans-Kranenburg, 2012) has a comparable frequency: 18.4% of a large Dutch sample 
were homozygous for the 5-HTTLPR short allele (Pluess et al., 2011). Future research will 
have to ascertain whether similar results would be obtained using a larger sample. Second, 
we operationalized emotional reactivity as children’s changes in emotions in response to 
maternal changes in emotions. The level of emotional reactivity children could maximally 
display was therefore limited by the level of emotional reactivity mothers displayed. Studies 
in which the level of emotional reactivity of the interaction partner is held constant across 
children (perhaps using an experimental manipulation consisting of different episodes 
exposing children to different levels of emotional reactivity of the interaction partner) 
could reveal if and how this influences children’s emotional reactivity. Finally, this study 
was limited by the relative homogeneity of the sample in terms of SES. The results may thus 
be limited to high-SES samples, and it remains to be seen whether they can be generalized 
to more at-risk or diverse samples.

Conclusion

In this study we used a combination of micro level observation data and longitudinal 
questionnaire data (reported by parents and teachers) to examine whether children who 
show stronger immediate reactions to their mothers during parent-child interactions 
(differential reactivity) are also the ones whose development over a year is more strongly 
predicted by parenting at the beginning of that year (differential susceptibility). All in all, 
examining how children respond to parents within parent-child interactions and using 
person-centered analyses to detect different reactivity profiles appears to be a promising 
way to examine differential reactivity. Moreover, using the combination of data collected 
on micro and macro time scales allowed for examining the association between differential 
reactivity and differential susceptibility. 
 In conclusion, we found a group of children that was emotionally reactive ‘for better and 
for worse’, within parent-child interactions. Highly reactive children, compared to average 
reactive children, scored higher on the temperament trait of surgency, and received lower 
levels of negative parenting. Finally, it seemed that children who are reactive ‘for better and 
for worse’ within parent-child interactions are not necessarily more susceptible to parenting 
on a developmental time scale.
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The overarching aim of this dissertation was to examine whether individuals vary in their 
susceptibility to social contexts, particularly parenting, both “for better” and “for worse”, 
depending on their temperament traits. The studies in this dissertation are guided by the 
differential susceptibility model as specified in Ellis and colleagues (2011). Several pressing 
questions about the differential susceptibility model were examined. These questions were 
addressed in seven empirical studies, using four samples varying in age from infancy to 
adulthood, and employing longitudinal, meta-analytic, experimental, and observational 
methods. In this final chapter, the findings of the seven empirical studies are summarized 
first, followed by a discussion of how the findings relate to the four aims of this dissertation 
and what they imply for differential susceptibility as a theory. In addition, strengths and 
limitations, directions for future research, and implications for practice are discussed.

Summary of the Main Findings 

In chapter 2 it was studied whether personality traits render some adolescents more 
susceptible to delinquent behavior of friends than others. Results showed that higher 
perceived delinquent behavior of friends predicted stronger increases in adolescent 
delinquent behavior over the next year, especially among adolescents low or average on 
conscientiousness. The findings supported a diathesis-stress model (Sameroff, 1983; 
Zuckerman, 1999). While low conscientiousness served as a risk factor, increasing 
vulnerability to perceived delinquent behavior of friends, high conscientiousness served 
as a protective factor, increasing resilience to perceived delinquent behavior of friends. 
Emotional stability, agreeableness, extraversion and openness did not moderate associations 
between delinquency of friends and delinquency of adolescents. The findings also showed 
that adolescents were susceptible to, and differed in susceptibility to, friends’ delinquent 
behavior as they perceived it—not to delinquent behavior as reported by friends themselves.

Chapter 3 studied whether children differ in their susceptibility to harsh and responsive 
parenting, depending on three potential susceptibility markers assessed during middle 
childhood: Impulsivity, negative emotionality, and effortful control. It was found that 
observed parental responsiveness predicted lower levels of externalizing behavior among 
children high on impulsivity and low on effortful control. Observed harsh parenting 
predicted lower levels of prosocial behavior, especially among children average or high 
on negative emotionality. The findings mostly supported a diathesis–stress model. That 
is, children high on impulsivity were especially vulnerable to a lack of observed parental 
responsiveness, displaying higher levels of externalizing behavior than their less impulsive 
peers under similar circumstances. Likewise, children higher on negative emotionality 
were especially vulnerable to harsh parenting, displaying lower levels of prosocial behavior, 
while children low on negative emotionality displayed resilience when exposed to harsh 
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parenting. As to effortful control, children low on effortful control —compared to other 
children—seemed to benefit the most from responsive parenting, in that it predicted 
decreased externalizing problems. This last finding was most consistent with the vantage 
sensitivity model (Pluess & Belsky, 2013).

Although originally developed to explain susceptibility in childhood, the differential 
susceptibility hypothesis has been suggested to extend to adulthood (Ellis et al., 2011). Yet 
relatively little is known about differential susceptibility during adulthood. This knowledge 
gap was addressed in chapter 4, by testing whether parents are differentially susceptible 
to support within relationships, depending on their personality traits. It was found that 
the association between perceived support from children toward parents and perceived 
support from parents toward children a year later was more pronounced for parents high 
on openness. Specifically, parents high on openness were more susceptible to support they 
perceived from their adolescent child, for better and for worse: Compared to other parents, 
they were most vulnerable to a low quality of support from their child and benefited 
most from a high quality of support. Extraversion, agreeableness, conscientiousness, and 
emotional stability did not emerge as markers of differences in susceptibility. Further, 
parents did not differ in their susceptibility to perceived support from their spouse. These 
findings extend previous results by showing that differential susceptibility can be detected 
among parents of adolescents, but only for certain personality traits, and depending on the 
source of perceived support. 

Results of longitudinal and experimental studies on parenting-by-temperament 
interactions are mixed. Some are consistent with what the differential susceptibility 
model predicts, some studies find evidence for diathesis stress models (e.g., Kiff, Lengua, 
& Bush, 2011; Sentse, Veenstra, Lindenberg, Verhulst, & Ormel, 2009), and many studies 
find no interaction effects at all (e.g., Jutengren, Kerr, & Stattin, 2011; Vitaro, Barker, 
Boivin, Brendgen, & Tremblay, 2006). A meta-analysis combining all available empirical 
information, is needed to come to a general conclusion to the question: Which model of 
individual differences in environmental sensitivity is best supported by the current literature 
on parenting-by-temperament interactions? For that reason a meta-analysis was conducted 
in chapter 5, to summarize the empirical evidence to date for various models of individual 
differences in sensitivity to parenting depending on child temperament in a systematic 
way. The same susceptibility markers were tested as in chapter 3, with the addition of 
difficult temperament, and across a wider age range. Results showed that children with a 
more difficult temperament and children higher on negative emotionality (compared with 
those with an easier temperament or lower on negative emotionality) were more vulnerable 
to negative parenting, but also profited more from positive parenting, supporting the 
differential susceptibility model. The differences in susceptibility found as a function of 
children’s difficult temperament were found regardless of when their temperament was 
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assessed, while differences in susceptibility found as a function of children’s negative 
emotionality were only present when this trait was assessed during infancy. These differences 
in susceptibility were expressed in externalizing behavior, internalizing behavior, social 
competence, and cognitive competence. As to surgency and effortful control, associations 
between parenting and child adjustment were generally similar regardless of children’s 
levels of these traits. The two exceptions to this were that associations between positive 
parenting and cognitive competence were stronger at low levels of surgency, and that 
associations between positive parenting and negative child adjustment were stronger at low 
levels of effortful control. Finally, although parenting-by-temperament interactions were 
found when using questionnaires as well as observations to assess parenting, they seemed 
more pronounced when using observations. The findings highlighted the importance of 
timing and of a high-quality assessment of children’s environment in examining individual 
differences in susceptibility.

Chapter 6 tested a key assumption underlying the differential susceptibility model: 
That a subset of individuals exist who display enhanced susceptibility to both negative 
and positive environmental conditions. Past research has not been able to directly test this 
key assumption, because participants in differential susceptibility studies have not been 
exposed, experimentally, to both negative and positive environmental conditions. This 
chapter introduced an experimental within-subjects design, manipulating the micro-
environment of children in the experimental group both “for better” and “for worse”. 
The results showed that upon hearing negative feedback, children in the experimental 
group increased in negative affect, and decreased in positive affect, and they did so more 
strongly than children in the control group. Upon hearing positive feedback, children in 
the experimental group did not show robust change in emotions and behaviors compared 
to children in the control group. Crucially, however, the extent to which children in the 
experimental group changed in response to positive or negative feedback did not depend 
on their temperament: Children who scored high on negative emotionality did not respond 
more strongly to positive or negative feedback compared to their counterparts who scored 
low on these traits. In addition, while approximately 10% of the children in the experimental 
group changed reliably in response to negative feedback (“vulnerable” children), these 
same children did not change reliably in response to positive feedback. In sum, although 
we found support for a subset of “vulnerable” children, we found no support for a subset of 
“susceptible” children. Still, because of the small manipulation effects of positive feedback 
and the unclear link between short-term reactivity and long-term susceptibility, it would be 
premature to reject differential susceptibility theory based on this study alone. 

Recently sensory processing sensitivity (SPS) has been postulated as a potential 
susceptibility marker, alongside the more often studied temperament trait of negative 
emotionality (Aron et al., 2012; Belsky & Pluess, 2013). In chapter 7 negative emotionality 
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and SPS were compared as markers of individual differences in susceptibility to parenting 
among kindergartners. It was found that associations between (changes in) parenting 
and (changes in) child behavior did not depend on children’s negative emotionality; SPS, 
however, interacted with changes in negative and positive parenting, predicting changes 
in externalizing (but not prosocial) behavior, in a manner consistent with differential 
susceptibility. Thus, among the current sample of kindergartners, SPS was able to mark 
differences in susceptibility “for better and for worse”, while negative emotionality was not. 
The findings suggested that SPS may be a more proximal correlate of individual differences 
in susceptibility, compared to negative emotionality. While interactions involving changes 
in parenting predicting changes in child behavior were most in line with the differential 
susceptibility model, associations involving levels of positive and negative parenting and/or 
levels of child behavior supported the vantage sensitivity model. 

Finally, in chapter 8 a combination of micro-level observation data and longitudinal 
questionnaire data was used to study the relationship between differential reactivity and 
differential susceptibility. First, it was examined whether a subset of children would be both 
more likely to respond with negative emotions to the negative emotions of their mothers as 
well as with positive emotions to the positive emotions of their mothers, showing emotional 
reactivity “for better and for worse”. Next, it was tested whether emotional reactivity “for 
better and for worse” would be associated with temperament markers and parenting. 
Finally, it was tested whether the same children that react most strongly to their parents’ 
emotions during moment-to-moment interactions are also the ones whose development 
over a year is most strongly predicted by parenting at the beginning of that year. In short, 
the findings revealed a group of children (13%) that was emotionally reactive “for better 
and for worse”, within parent-child interactions. Highly reactive children, compared to 
average reactive children, scored higher on the temperament trait of surgency, but not on 
negative emotionality, effortful control, or SPS. They also received lower levels of negative 
parenting. Finally, associations of negative and positive parenting with externalizing and 
prosocial behavior were similar for high reactive children and average reactive children. 
Thus, it seems that children who were reactive “for better and for worse” within parent-
child interactions were not necessarily more susceptible to parenting on a developmental 
time scale. 

Findings in Relation to Aims of the Dissertation
Aim 1: Differential susceptibility “for better and for worse”
Many individual studies on parenting-by-temperament interactions focus on both a 
restricted range of environments, emphasizing either the negative end of the spectrum or 
the positive end of the spectrum, and on a restricted range of developmental outcomes, 
again emphasizing either the negative or the positive (Pluess et al., 2013). Yet only a 
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focus on the full range, from negative to positive, reveals the difference between different 
models of environmental sensitivity such as differential susceptibility, diathesis-stress, 
and vantage sensitivity. Moreover, the differential susceptibility model assumes that the 
same children who are disproportionately vulnerable to negative experiences might also 
be disproportionately likely to benefit from positive experiences, and vice versa (“for 
better and for worse”). Past research has not been able to directly test this assumption, 
however, because participants in differential susceptibility studies have not been exposed 
(experimentally) to both negative and positive environmental conditions. The first aim of 
this dissertation was therefore to examine whether individuals vary in their susceptibility to 
social contexts, particularly parenting, both for better and for worse. 

In chapter 5 the longitudinal and experimental literature on parenting-by-temperament 
interactions was meta-analyzed, and it was found that children with a more difficult 
temperament (compared to those with a more easy temperament) and infants high on 
negative emotionality were more vulnerable to negative parenting, but also profited more 
from positive parenting, supporting the differential susceptibility model. These findings 
are consistent with previous narrative reviews on differential susceptibility (Belsky, 2005; 
Belsky & Pluess, 2009; Ellis et al., 2011; Pluess & Belsky, 2010a). Although these findings are 
promising, many of the studies included in this meta-analysis examined only the association 
on the “negative side” or only the association on the “positive side” of the spectrum of 
parenting and child behavior. Thus, children that were susceptible to negative parenting 
and children that were susceptible to positive parenting did not necessarily stem from the 
same study sample. 

The other empirical studies (with the exception of chapter 2) in this dissertation tried to 
address this, by focusing on the full range, from negative to positive, of both environments 
and outcomes within each study. This way, it was found that children higher on SPS were 
more susceptible to parenting in the prediction of externalizing behavior, with more sensitive 
children being more affected by negative as well as positive parenting practices compared 
to less sensitive children (chapter 7). Also, results showed that a subset of children was both 
more likely to respond with negative emotions to the negative emotions of their mothers as 
well as with positive emotions to the positive emotions of their mothers, showing emotional 
reactivity “for better and for worse” (chapter 8). Finally, among parents, those high on 
openness were found to be more susceptible to the quality of support they perceived from 
their adolescent children, for better and for worse (chapter 4). There were three studies in 
which no support for differential susceptibility was found at all (chapters 2, 3, 6).

In addition to assessing the full spectrum of environments and outcomes, within-person 
designs are needed to test whether the same children can be susceptible to both negative 
and positive social contexts. This was the explicit aim in chapter 6. Yet this study only found 
support for a group of children that were vulnerable to negative feedback, and no support 
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for a group of children that was susceptible to both negative and positive feedback. In a 
more naturalistic setting however, where parents displayed both negative and ample positive 
emotions, the findings did indicate a group of children that were emotionally reactive to 
negative emotions as well as positive emotions of their mothers (chapter 8). 

So what do the findings in this dissertation mean for the notion of “differential 
susceptibility for better and for worse? First, they mean that whether or not individuals 
will be found to be susceptible “for better and for worse” will likely depend on a number of 
factors —markers, age, time scale—, that will be elaborated on when discussing the other 
aims of this dissertation. Second, a related issue is that like many other traits, susceptibility 
will likely not be expressed in every single situation, all the time (Denissen & Penke, 
2008a). That is, when researchers examine individuals’ susceptibility “for better and for 
worse”, be it short-term or long-term, they examine “realized plasticity” (i.e., the extent to 
which individuals actually vary their behavior in response to environmental conditions, as 
measured during a study) and not “potential plasticity” (i.e., the ability of individuals to vary 
their behavior in response to environmental conditions) (Stamps, 2016). To illustrate, if we 
observe people’s reactions to a single stimulus, some people will have responded, and some 
not. This holds true for the entire group of people, but perhaps also within the subgroup of 
more susceptible people. It may be necessary to expose this same group of people to several 
stimuli, repeatedly and over time, for individual differences in susceptibility to become 
apparent (Stamps & Krishnan, 2014). That is, only when observed across stimuli would 
susceptible people start to distinguish themselves from less susceptible people, because 
they would react more strongly more often, compared to less susceptible people. Potential 
plasticity may not be realized in response to every single stimulus, even among susceptible 
individuals. As an example, in chapter 6 children’s reactions to only one negative and one 
positive stimulus were observed. Increasing the number of stimuli to which susceptible 
children can respond, such as during the naturalistic observations in chapter 8, might 
increase their realized plasticity, relative to that of less susceptible children. 

Finally, within-person designs that expose the same individuals to both negative and 
positive stimuli (nanotrials or microtrials) are crucial in testing differential susceptibility 
theory’s proposition that a subset of individuals will be susceptible “for better and for 
worse”. Although such designs are incapable of showing long-term developmental effects of 
susceptibility to social context, they are able to test whether, within experimental random 
assignment designs, differential susceptibility is operable and consequential. However, while 
within-subjects experimental designs are suitable for examining reactivity, they are harder 
to apply to ontogenetic plasticity. Apart from ethical objections to exposing individuals to 
conditions that are so harsh that they can have a lasting impact on development, carryover 
effects would also become a serious problem. That is, if individuals, after prolonged exposure 
and adjustment to one type of environment, would suddenly find themselves in opposite 
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environmental conditions, adjustment to these new conditions would likely be affected by 
the previous environment. One option to still study developmental susceptibility among 
humans using a within-subjects approach may be to rely on ongoing panel studies. Studies 
in which large groups of people are followed throughout their lives, and in which both 
negative and positive life events are registered, as well as their effects on (mental) health, 
could provide an indication as to whether the same individuals can be susceptible “for 
better and for worse”. Another option would be to obtain intensive longitudinal data, for 
which participants would have to fill out weekly or monthly questionnaires, for instance 
using an app on their phone (Bolger, Davis, & Rafaeli, 2003). In general, to calculate an 
association between environmental influences and outcomes, many data points are needed 
per individual. 

The studies in this dissertation demonstrate that it is challenging to find individuals 
who are susceptible individuals to both harsh and supportive environments. While it seems 
possible, the conditions under which these individuals are found seem to be limited, and 
need to be explored further. 

Aim 2: Recognizing susceptible individuals using temperament traits
While several markers of susceptibility have been examined (most notably negative 
emotionality), researchers still know little about appropriate markers to identify susceptible 
children. The second aim of this dissertation was to test existing markers and find new 
markers that could be used to tell which individuals would be more and less susceptible to 
environmental influences. 

Early attempts to identify potential susceptibility markers called attention to negative 
emotionality and difficult temperament (Belsky, 1997b, 2005; Belsky et al., 1998). Children 
with a difficult temperament and children higher on negative emotionality appeared to 
be more susceptible to parenting and other environmental influences (Belsky & Pluess, 
2009; Pluess & Belsky, 2010a). In line with these findings, chapter 5 also found children 
with a more difficult temperament to be more susceptible to parenting. Although difficult 
temperament has frequently been suggested to mark differences in susceptibility, because 
of its broad nature it has been hard to pinpoint which aspects of it exactly mark differences 
in susceptibility. Of the components that have been part of difficult temperament composite 
scores in previous studies and that were tested in chapter 5, neither surgency nor effortful 
control in and of themselves moderated associations between parenting and child behavior 
in a manner consistent with the differential susceptibility model, while negative emotionality 
did. This suggests that perhaps previous findings pointing to difficult temperament as a 
susceptibility marker could have been driven by the “negative emotionality” component of 
difficult temperament. 
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In chapter 5, children high on negative emotionality were found to be more susceptible 
“for better and for worse”, but only when their temperament was assessed during infancy. 
While negative emotionality was tested as a potential susceptibility marker in several other 
chapters (3, 6, 7), nowhere did it emerge as a susceptibility marker again. This discrepancy 
may be due to the fact that negative emotionality was assessed at a later age among these 
samples, namely kindergarten or elementary school. This will be elaborated on when 
discussing the third aim of this dissertation, pertaining to age.  

In chapter 7, children higher on SPS were found to be more susceptible to both 
negative and positive parenting when predicting externalizing behavior, compared to 
less sensitive children. These findings are in line with previous research that has studied 
SPS mainly among adults (Aron, Aron, & Davies, 2005), and with a recent study among 
children, which found girls higher on SPS to benefit more from an intervention aimed at 
reducing depression (Pluess & Boniwell, 2015). In contrast to negative emotionality, SPS is 
theoretically linked to a broader sensory awareness and processing of information in the 
environment, regardless of valence (Aron et al., 2012). Because they process experiences 
more thoroughly, the development of children high on SPS is believed to be more strongly 
affected by their environment. In fact, when accounting for negative emotionality and SPS 
simultaneously, only SPS moderated associations between parenting and child behavior 
in chapter 7. That negative emotionality moderated associations between parenting and 
child behavior “for better and for worse” in previous studies (for a review, see Belsky & 
Pluess, 2009), could potentially have been driven by SPS, a concept that partly overlaps with 
negative emotionality. The findings suggest that SPS may be a more proximal correlate of 
individual differences in susceptibility, compared to negative emotionality. 

As to surgency, neither in chapter 3 nor in chapter 5 did surgency emerge as a potential 
susceptibility marker. However, surgency is a broad construct and in certain models 
of temperament it is suggested to consist of two aspects: Activity, on the one hand, and 
sociability, on the other (de Pauw et al., 2009). Indeed, while some studies found that 
associations between parenting and child adjustment were stronger for active, impulsive, 
and sensation seeking children, —high surgency (Colder, Lochman, & Wells, 1997; 
Leve, Kim, & Pears, 2005; Stephenson & Helme, 2006), other studies found these same 
associations to be weaker for shy or introverted children, —low surgency (de Haan, Prinzie, 
& Deković, 2010; Lewis- Morrarty et al., 2012; Meunier, Roskam, & Browne, 2010). The 
same is true for this dissertation: More impulsive children seemed more vulnerable to 
a lack of parental responsiveness predicting externalizing behavior (chapter 3), while 
children lower on surgency seemed to benefit more from positive parenting predicting 
cognitive competence (chapter 5). Thus, when studying how children differ in sensitivity to 
environmental influences (regardless of the specific model used as theoretical framework), 
it seems important for future research to distinguish between activity and sociability.
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Effortful control moderated associations between responsive parenting and child 
problem behaviors in both chapter 3 and chapter 5; these associations were found to be 
stronger for children lower on effortful control. Although not in line with the differential 
susceptibility model, the findings are consistent with more general models of individual 
differences in environmental sensitivity (Bronfenbrenner & Morris, 2006; Wachs & 
Gandour, 1983). They suggest that while effortful control may not pick up on differences 
in susceptibility “for better and for worse”, children who are low on effortful control may 
benefit from positive, responsive parenting when it comes to lower levels of problem 
behaviors later in life. Possibly, among children with low to moderate levels of effortful 
control, highly responsive parenting can support children’s regulation of their behaviors 
and emotions (Belsky, Pasco Fearon, & Bell, 2007; Chang, Olson, Sameroff, & Sexton, 
2011), to the extent that it may contribute to lower levels of problem behaviors (Kochanska, 
Barry, Jimenez, Hollatz, & Woodard, 2009). 

In two of the chapters the Big Five personality traits were tested as potential susceptibility 
markers. In chapter 2, adolescents low on conscientiousness were found to be more 
vulnerable to delinquent behavior they perceived among their best friends, predicting 
increased delinquent behavior amongst themselves. Due to the focus on environments 
and outcomes spanning the negative end of the spectrum, that is, from delinquency to the 
absence of delinquency, this chapter did not lend itself to distinguish between diathesis-
stress and differential susceptibility models, however. In chapter 4, parents high on openness 
were found to be more susceptible to the quality of support from their adolescent child, 
as expressed in the support they provided to their child in return. The findings suggest 
openness might function as a susceptibility marker among adults, and they converge with 
ideas about SPS (a trait that partially overlaps with openness) as a trait indicating differences 
in sensitivity to the environment (Aron et al., 2012).

Finally, children’s emotional reactivity to positive as well as negative parental emotions 
was studied as a potential susceptibility marker in chapter 8. Associations between parenting 
and the development of prosocial and externalizing behavior turned out to be similar for 
children in the high reactive and average reactive profiles. Yet in another study based on 
this sample, children higher on SPS were found to be more developmentally susceptible to 
both negative and positive parenting (chapter 7). Thus, it seems that emotional reactivity 
“for better and for worse” does not differentiate between children who are more and less 
susceptible on a developmental time scale. 

While it is important to find markers with which to easily identify children who are 
highly susceptible, markers are not necessarily mechanisms as well. That is, while high 
levels of, for instance, negative emotionality may coincide with high levels of susceptibility, 
it does not follow that negative emotionality also aids in making children more susceptible. 
It has been suggested that SPS may be closer to being an actual mechanism of susceptibility 
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compared to negative emotionality: A highly sensitive nervous system, as manifested in 
the temperament trait of SPS might underlie differences in susceptibility (Aron and Aron, 
1997; Aron et al., 2012; Belsky & Pluess, 2013b). This is consistent with the view that 
differences in susceptibility are instantiated in the biology of the nervous system (Ellis et al., 
2011).While the findings presented in chapter 7 are not inconsistent with this idea, stronger 
research designs would be needed to directly test this idea. First, the link between SPS as 
measured by a questionnaire and actual sensitivity of the nervous system would have to 
be established (see Acevedo et al., 2014 and Jagiellowicz et al., 2011, for first links between 
questionnaire measures of SPS and activation in brain regions involved in awareness, self-
other processing, and higher order visual processing). Second, mediation models in which 
both negative emotionality and SPS are measured during infancy and in which both turn 
out to moderate associations between parenting and child development, would have to 
demonstrate that the moderation effect of negative emotionality disappears after controlling 
for both the association between SPS and negative emotionality and the moderation effect of 
SPS. Finally, the concept of a highly sensitive nervous system is itself complicated, because 
the nervous system is composed of many opposing and counter-regulatory circuits (Boyce 
& Ellis, 2005). Whether the nervous system can actually be more sensitive as a whole, or 
whether it is more likely that the sensitivity of certain circuits to certain stimuli gives rise to 
the personality trait of SPS, is something that future research would have to clarify.

In general, the idea of finding susceptibility markers is complicated, because it 
resembles “aiming at a moving target”. The temperament traits that are oftentimes used to 
try and identify susceptible children, are known to be shaped by experiences themselves 
(e.g. Blandon et al., 2010). For instance, negative emotionality measured during infancy 
may indicate a general susceptibility to parenting (Belsky & Pluess, 2009; Ellis et al., 2011). 
However, if usually exposed to a supportive environment, negative emotionality might 
become less pronounced over the years (Blandon et al., 2010). If usually exposed to a harsh 
environment, negative emotionality might become more pronounced (Kiff, Lengua, & 
Zalewski, 2011). While it may seem tempting to turn to genetic markers instead (whether 
or not one has, say, the 7-repeat allele of the DRD4 gene will not change, after all), these 
markers face the same issues. The field of epigenetics has taught us that the expression of 
genes can vary across the life span, with the action or activity of genes being “switched 
on” and “switched off ” (Lester, Conradt & Marsit, 2016). An interesting research design 
to distinguish between the moderating effects of temperament traits on the one hand, 
and the development of temperament traits on the other, involves assessing temperament 
repeatedly. It would be possible to study at what ages certain temperament traits stop (or 
start) to function as susceptibility markers, and to what extent that timing coincides with 
parenting predicting changes in temperament. 
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In sum, the studies in this dissertation suggest that difficult temperament, negative 
emotionality, sensory processing sensitivity, and openness can function as markers of 
individual differences in susceptibility, although this may depend upon when during life 
they are assessed. 

Aim 3: Differential susceptibility across the lifespan
While the study of differential susceptibility is flourishing, a developmental perspective has 
been wanting (Pluess et al., 2013). It is not clear whether susceptible individuals remain 
susceptible throughout their lives or whether there are certain periods in life (e.g., infancy) 
during which susceptibility is higher compared to other periods in life. Moreover, even 
if susceptible individuals remain susceptible throughout their lives, the best markers to 
identify them might vary across age. As a third aim, this dissertation examined whether 
differences in susceptibility exist throughout the lifespan, and whether the best temperament 
traits to identify these differences vary throughout life.

Using meta-analytic data, children high on negative emotionality were found to be 
more susceptible “for better and for worse” in chapter 5 only when their temperament was 
assessed during infancy. The results of individual studies in this dissertation were in line 
with this finding, showing that negative emotionality (or neuroticism) did not moderate 
associations between the (parenting) environment and outcomes among kindergartners 
(chapter 6 and chapter 7), elementary school children (chapter 3; here, moderation by 
negative emotionality was in line with diathesis-stress), adolescents (chapter 2), and 
adults (chapter 4). Based on these results, two scenarios are possible. First, it could be that 
susceptible individuals remain susceptible throughout their lives, but negative emotionality 
no longer distinguishes between more and less susceptible individuals if measured after 
infancy. Second, it could be that a window of plasticity exists for susceptible individuals, 
where susceptibility peaks during certain sensitive periods in life, and is lower otherwise.

As to the first scenario, susceptible children, compared with less susceptible children, 
may be more easily overwhelmed by environmental stimuli, and especially when they are 
infants, negative emotionality may be a common reaction to such overstimulation (Aron 
& Aron, 1997; Aron et al., 2012). Underlying this negative emotionality, may be a highly 
sensitivity nervous system, manifested in the personality trait of SPS. For susceptible 
children, levels of negative emotionality may subsequently change throughout life, through 
maturation and socialization. Susceptible children may learn to regulate their negative 
emotionality as they get older (Eisenberg et al., 1996; Eisenberg, Spinrad, & Eggum, 
2010; Rothbart & Bates, 2006), and their displays of negative emotionality may become 
less pronounced if they are frequently exposed to a supportive environment (Blandon et 
al., 2010). One of the assumptions underlying this rationale is that the stability of SPS is 
higher, and the relation between SPS and “susceptibility” is stronger, than that of negative 
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emotionality and its relation to “susceptibility”. This is, in fact, still unknown, and it would 
be important for future research to test this assumption.

As to the second scenario, some studies point to the existence of a window of plasticity, 
where child development is most susceptible to environmental influences during the early 
years of life, when biological systems are being laid down (e.g., Ganzel & Morris, 2011; 
Simpson, Griskevicius, Kuo, Sung, & Collins, 2012). A recent theoretical article also claims 
that in relatively stable environments, a sensible null expectation is that plasticity will 
gradually decline with age as the developing individual gathers information (Fawcett & 
Frankenhuis, 2015). An empirical example is provided by a study showing that, during 
infancy maternal insensitivity was associated with early externalizing behavior in a “for 
better and for worse” manner, among children with at least one DRD4 7-repeat allele. In 
contrast, during kindergarten, insensitivity predicted externalizing behavior independent 
of DRD4 genotype (Windhorst et al., 2015). In spite of this, other studies have found support 
for differential susceptibility among adults, when studying genetic susceptibility markers 
(e.g., Bakermans-Kranenburg, van IJzendoorn, Caspers, & Philibert, 2011; Manuck, Craig, 
Flory, Halder, & Ferrell, 2011; Pluess, Belsky, Way, & Taylor, 2010; Sturge-Apple, Cicchetti, 
Davies, & Suor, 2012). Moreover, in this dissertation, support for differential susceptibility 
was found among kindergartners (chapter 7) and adults (chapter 4) using traits more closely 
related to a thorough processing of information. Based on these findings, the tentative 
conclusion is that susceptibility is either a characteristic that remains stable throughout life, 
or that at least multiple windows of plasticity exist, beyond infancy. 

Previously it was discussed how potential susceptibility markers, such as negative 
emotionality, may develop across the lifespan, and how levels of susceptibility themselves 
may or may not vary throughout life. Another angle in this debate is that children’s 
susceptibility at any given point in time may depend on their previously experienced 
environment (Boyce & Ellis, 2005; Del Giudice et al., 2011). Specifically, an initial propensity 
for susceptibility “for better and for worse” early in life may, for some children, develop 
into a biased susceptibility toward contextual adversity (i.e., vulnerability) or contextual 
support (i.e., vantage sensitivity) depending on specific environments encountered early in 
life (i.e., stress or support) (Pluess, 2015). Some of the findings in chapter 8 were consistent 
with this idea: Profiles of highly emotionally reactive children and average reactive children 
experienced different parenting environments, with the former receiving less negative 
parenting compared to the latter. 

If true, this idea would have vast implications for the notion that a subset of individuals 
can be susceptible to both positive and negative environmental circumstances. It would 
mean that susceptibility “for better and for worse” mainly applies to “potential plasticity” 
early in life, whereas realized plasticity later in life would more likely be expressed as either 
vulnerability to adversity or vantage sensitivity to support. Yet studies have found support 
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for differential susceptibility among older children and adults (e.g., chapters 4 and 7 in 
this dissertation; Bakermans-Kranenburg et al., 2011; Sturge-Apple et al., 2012). While 
these studies may lead one to conclude that apparently it is possible for individuals to be 
susceptible to both positive and negative environmental circumstances later in life, none 
of these studies used a within-person design. Therefore, they may well have been finding 
increased susceptibility to positive circumstances among one subset of individuals high 
on a given susceptibility marker and increased susceptibility to negative circumstances 
among another subset of individuals high on that same susceptibility marker. Using within-
person designs among adults would be one way to try and falsify this hypothesis. Moreover, 
if groups of for instance “vulnerable” or “susceptible” individuals are found using these 
designs, it would be important to predict to which group individuals will belong based on 
their early rearing environment (for an example, see Ellis, Oldehinkel, & Nederhof, 2016, 
in which four different responsivity patterns were found, that were distinguished by, among 
other things, the stressfulness of their early rearing environment). 

To summarize, the studies in this dissertation found support for individual differences 
in susceptibility among children of different ages, as well as adults. The studies suggest that 
susceptibility might either be stable characteristic, and that susceptible individuals display 
high susceptibility throughout their lives, or that multiple windows of plasticity might exist, 
and that susceptible individuals display higher levels of susceptibility during some periods 
of their lives (for instance infancy) than others.

Aim 4: Differential susceptibility and differential reactivity
Differential susceptibility can be studied at different time scales. At the one end, this 
involves developmental susceptibility to the environment, focusing on more long-term 
developmental changes, which is well-established in the field. At the other end, this 
involves more transient fluctuations in functioning, focusing on short-term changes. This 
latter approach to differential susceptibility has received little empirical attention so far. To 
differentiate between these different levels of analysis, we refer to the long-term approach as 
differential susceptibility (as per Ellis et al., 2011) and the short-term approach as differential 
reactivity. It is unclear what relation exists, if any, between differential susceptibility and 
differential reactivity (Stamps, 2016). The fourth aim of this dissertation was to examine 
both differential susceptibility and differential reactivity, and the association between the 
two.

Across the entire dissertation, differential susceptibility was tested both on a macro level, 
spanning years (chapters 3, 4, 5, 7, and 8) and on a micro level, spanning seconds to minutes 
(i.e., differential reactivity, chapters 6 and 8). While support was found for both differential 
susceptibility (in certain chapters and under certain conditions) and differential reactivity 
(in chapter 8), chapter 8 was the only chapter in which an attempt was made to directly 
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link differential reactivity to differential susceptibility. The findings in this chapter revealed 
that associations between parenting and the development of prosocial and externalizing 
behavior were similar for children in the high reactive and average reactive profiles. Yet 
within the same sample it was found that children higher on SPS seemed more susceptible 
to both negative and positive parenting predicting their externalizing behavior (chapter 
7). Consequently, children who are reactive “for better and for worse” within parent-child 
interactions may not necessarily be more susceptible to parenting on a developmental time 
scale. Differential susceptibility has been studied focusing on a long-term, developmental 
changes (e.g., Belsky & Pluess, 2009; Ellis et al., 2011) and, to a lesser extent, focusing 
on short-term changes (e.g., Quas, Bauer, & Boyce, 2004; Sasaki et al., 2013). The results 
presented in chapter 8 provide a first indication that these two groups of studies may have 
been tapping into different constructs, or may have been studying different children. In 
other words, it may not be justified to assume that differences in susceptibility observed on 
micro- and on macro time scales are related. 

One potential explanation may be that for reactivity, a broad underlying neural network 
must be present that allows individuals to detect, monitor, and respond to a wide range 
of different stimuli (Snell-Rood, 2013; Stamps, 2016). Reactivity has been suggested 
to be matter of activating different neurons that are already present. Developmental 
susceptibility on the other hand, may require developmental changes such as forming new 
connections between neurons and eliminating others —a process that is likely tailored to 
the environment individuals grow up in. Over time, this shaping of neural pathways —
strengthening and integrating some, whilst eliminating others— could result in having a 
more limited set of responses to certain environmental stimuli, albeit responses that are 
tailored to the environment individuals grew up in. If this is true, one would not expect 
reactivity to a wide range of stimuli and susceptibility “for better and for worse” to occur 
within the same person, at least not necessarily at the same time in life. While the findings 
in chapter 8 point to emotional reactivity “for better and for worse” being unrelated to 
susceptibility “for better and for worse”, they constitute no more than a first attempt at 
trying to answer this fundamental question. Future research should try to replicate, but also 
extend our findings. The latter could be done by testing other ways in which individuals can 
be reactive to both negative and positive stimuli, such as behavioral reactivity “for better 
and for worse”, tested by sharing (prosocial) or administering noise blasts (antisocial) to 
fictive co-players, in response to ostracism or acceptance within a cyberball game (Williams 
& Jarvis, 2006), and relating this to developmental susceptibility.

In sum, while the studies in this dissertation found support for both differential 
susceptibility and differential reactivity, these differences in susceptibility observed on 
macro- and on micro time scales may not necessarily be related.
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Strengths and Limitations
Using meta-analytic, longitudinal, experimental and observational methods the research in 
this dissertation studied whether individuals vary in their susceptibility to social contexts, 
particularly parenting. Parents, teachers, children, and observers reported on environments, 
temperament, and outcomes of interest. Data were analyzed using variable-centered analyses 
such as latent growth curve modeling and latent change scores, person-centered analyses 
such as reliable change indices, state space grids, and latent profile analyses, as well as novel 
techniques such as meta-analysis of continuous-by-continuous-variable interactions. That 
this dissertation is characterized by a wide variety of methods, informants, and analyses 
strengthens the conclusions one can draw from it.

However, several limitations should also be considered when judging the conclusions. 
The first limitation has to do with the distribution of environments and outcomes that 
we measured. In this dissertation we assumed that positive development means more 
than just the absence of problems, and a positive environment means more than just 
the absence of harshness. This dissertation therefore aimed to study whether susceptible 
individuals, compared to less susceptible individuals, do worse (not just less well) when 
exposed to negative environments, and better (not just less worse) when exposed to positive 
environments. It is important to realize though, that what constitutes positive and negative 
is a separate issue from the distributional issues that measures can have when they are 
administered in certain samples. For example, measures of problem behavior and harsh 
parenting are oftentimes positively skewed among community samples that actively consent 
to participate into a study, while measures of SES are oftentimes negatively skewed (Dent 
at al., 1993; Sakshaug, Schmucker, Kreuter, Couper, & Singer, 2016). The samples used in 
this dissertation (chapters 2, 3, 4, 6, 7, 8) form no exception. They are high-SES samples, 
in which parents displayed relatively low levels of harsh and overreactive discipline and 
relatively high levels of warmth and responsiveness, and children displayed relatively low 
levels of problem behavior and relatively high levels of prosocial behavior. When trying to 
measure a wide range of environments and outcomes, future research should focus not only 
on selecting measures that cover the entire spectrum from positive to negative, but also on 
ensuring that that variation is actually present in the samples they recruit. The results in this 
dissertation may be limited to high-SES, relatively well-functioning community samples, 
and it remains to be seen whether they can be generalized to more at-risk or diverse samples.

The second limitation in this dissertation, but also in the differential susceptibility 
literature in general, is that the age at which temperament was assessed was highly 
confounded with the age at which parenting was assessed. Especially in chapter 5 it was 
apparent that in most studies temperament and parenting were measured at the same time. 
If they were measured at different times, the temperament assessment usually preceded 
that of the environment. At this stage, it is therefore very hard to tease these two age effects 
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apart. If the occurrence of parenting-by-temperament interactions mainly depends on the 
age at parenting assessment, this would point to a window of plasticity, where individual 
differences in plasticity are largest when individuals are young, and plasticity decreases as 
plastic individuals get older. If the occurrence of parenting-by-temperament interactions 
mainly depends on the age at temperament assessment, this would point to stable individual 
differences in plasticity, with more plastic individuals remaining plastic throughout life, 
while only the best markers to identify more plastic individuals would change with age.

Third, the interactions found in this dissertation explained only a small amount of the 
variance in outcomes. While certainly important to address, this is not a problem specific 
to this dissertation, but rather, as the meta-analysis in chapter 5 demonstrates, a general 
problem in the field of person-by-environment interactions. One common response to this 
problem is that interaction effects are notoriously difficult to detect in field studies, and that 
more precise measurement of the environment, for instance by using experimental designs, 
might counter this issue (McClelland & Judd, 1993). Indeed, in intervention research testing 
gene-by-environment interactions effect sizes seem to be generally larger (van IJzendoorn 
& Bakermans-Kranenburg, 2015). Yet it is also important to consider that when examining 
child development, small effects can arguably be important (Prentice & Miller, 1992). Small 
effects on child development may accumulate over time to become large effects, and can 
have considerable practical implications.  

Fourth, given the complexity of some of the models tested in this dissertation, sample 
sizes were on the small side. A small sample size, and thus low statistical power, reduces 
the likelihood that a statistically significant result reflects a true effect (Button et al., 2013; 
Ioannidis, 2005). In other words, the smaller the sample size of a study, the higher the 
probability that an observed effect is actually false. We tried to attenuate this issue by using a 
false discovery rate procedure throughout this dissertation (Benjamini & Hochberg, 1995), 
or, in the case of chapter 6, a Bayesian estimator. Moreover, visual inspection of Table 2 
in chapter 5 reveals that differential susceptibility effects were found in studies with small 
samples as well as in studies with large samples, making it less likely that these differential 
susceptibility effects merely reflect type I errors. 

A final limitation is that, due to the relatively low number of fathers reporting on their 
parenting behavior, this dissertation focused on maternal parenting behavior. It remains 
to be seen whether the differences in susceptibility to parenting by mothers extend to 
parenting by fathers. Future research could examine the different impact mothers and 
fathers may have on the development of their children’s adjustment. 
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Directions for Future Research
While this dissertation contributes to knowledge on individual differences in susceptibility 
to social contexts, several unresolved issues remain that could be addressed in future 
research. We discuss five of these issues below. 

Issue 1: Is differential susceptibility domain general or domain specific? 
One issue that needs further study is how domain specific or domain general differences in 
susceptibility are (Belsky & Pluess, 2009; Belsky & Pluess, 2013b; Ellis et al., 2011). Are some 
individuals more susceptible to any and all environmental inputs and with respect to any and 
all developmental outcomes? Or is it more likely that individuals vary in terms of what they 
are susceptible to (e.g., the affective dimension but not the control dimension of parenting) 
and in which developmental outcomes this is expressed (e.g., social but not cognitive 
competence)? The meta-analysis in chapter 5 showed that differences in susceptibility as a 
function of difficult temperament and negative emotionality were reflected in externalizing 
behavior, internalizing behavior, social competence, and in cognitive competence. These 
results tentatively support differences in susceptibility as being domain-general, although 
more research is needed to fully embrace this notion.

While chapter 5 tested whether differences in susceptibility are domain specific or 
domain general with respect to developmental outcomes, in future research it will be 
important to examine this issue with respect to different environments as well. The first 
evidence in this area is beginning to emerge, with some arguing that susceptible individuals 
will be susceptible to a broad range of environments (Wolf, van Doorn, & Weissing, 2008), 
and others arguing that they will only be susceptible to a limited range of environments 
(Obradović, Bush, & Boyce, 2011). In the end, it will be important to examine domain-
specificity with respect to the combination of an environment and an outcome, because 
domains, including domains of social interaction between parents and children, are 
characterized by both the environment they provide, and the outcomes they affect (Grusec 
& Davidov, 2010). 

Another issue pertaining to domain-specificity is that many of the chapters in this 
dissertation focused on parenting as an environmental influence (although chapter 
2 focused on peers, and chapter 4 focused on adolescent children). Parenting serves to 
inform, and thus prepare children for the world they will likely encounter later during their 
development (Bateson, 1994; Bateson et al., 2004; Hinde, 1986). While many studies have 
examined differential susceptibility to proximal environments such as parenting, less is 
known about differences in susceptibility to distal environments such as crime and poverty 
levels in the neighborhood (but see Bush, Lengua, & Colder, 2010). Several theories focus 
on parenting as being a proximal environment within a multilayered ecology, shaping 
children’s development (e.g., Bronfenbrenner, & Morris, 2006; Belsky, 1984). More distal 

14356_Slagt_BW.indd   289 19-01-17   11:30



290 

Chapter 09 | Summary and General Discussion

environments are also thought to shape child development, but for a substantial amount 
indirectly, through parenting. Will differences in susceptibility be just as apparent when 
considering distal environments? For instance, studies looking at differences in susceptibility 
to neighborhood problems and social organization primarily found diathesis-stress effects 
(Bush et al., 2010), or weak evidence for differential susceptibility to neighborhood effects, 
that the authors suggest could be mediated through family processes (Barker, Trentacosta, & 
Saleking, 2011). Other studies looking at child care quality did find evidence for differential 
susceptibility (Broekhuizen, van Aken, Dubas, Mulder, & Leseman, 2015; Pluess & Belsky, 
2010b), but one could argue that child care, like school, seems to fulfill the same role —a 
proximal socialization environment— as parenting does. To find out whether differential 
susceptibility is domain-specific or domain-general with respect to the environment, it 
would therefore be interesting to study whether children are more likely to vary in their 
susceptibility to proximal than to distal environments.

In addition to the type of environment, the way the environment is measured may also 
matter in how susceptible individuals are to that environment. To illustrate, several of the 
chapters in this dissertation point to differences in how susceptible individuals are to self-
reported environments versus perceived environments, or environments as observed by 
researchers. In chapter 2, adolescents were susceptible to perceived, but not self-reported 
delinquency of friends. In chapters 3 and 5, the strongest differences in vulnerability or 
susceptibility were found when focusing on observed parenting, instead of self-reported 
parenting. Self-reported questionnaires have been accused of being prone to biases, such 
as current mood and social desirability (Monroe, 2008; Schwarz, 1999). This means that 
differences in for instance self-reported parenting, might not only reflect differences 
in actual parenting behaviors, but also differences in the extent to which parents were 
affected by these biases at the time they reported their behavior. Researchers have therefore 
emphasized that a more reliable measurement of the environment (i.e., a higher correlation 
between observed and true score) corresponds to a substantial increase in power to detect 
interaction effects (Whisman & McClelland, 2005; Wong, Day, Luan, Chan, & Wareham, 
2003). Apart from these measurement issues, it also seems plausible that individuals may be 
less susceptible to how others say they behave, compared to how individuals perceive others 
to behave, or to how others are actually observed to behave. 

Finally, in testing how domain general or domain specific differences in susceptibility are, 
within-person designs might again offer a solution. Micro- or nanotrials in which individuals 
are exposed to a series of different environments could aid in answering this question. 

Issue 2: Temperament-environment correlations
Children’s environment (E) and their score on the susceptibility marker (P) can be 
correlated; child characteristics can evoke parenting (evocative rPE), children with 
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certain characteristics can seek out certain environments (active rPE), and characteristics 
shared by parents and their children can underlie associations between parenting and 
child development (passive rPE) (Rutter, 2006). Furthermore, environmental conditions 
can shape susceptibility factors (Boyce & Ellis, 2005; Del Giudice et al., 2011). Thus, rPE 
constitutes a potential confound in testing the moderating role of susceptibility markers 
such as temperament traits on associations between parenting and child development 
(Knafo & Jaffee, 2013). When research on differences in susceptibility fails to tease 
apart these different roles of temperament (moderating and rPE), this may lead to an 
overestimation of the moderating role of temperament on associations between parenting 
and child adjustment. The first guidelines for testing differential susceptibility therefore 
included demonstrating independence of the susceptibility factor and the environment 
(Belsky et al., 2007). Experimental designs are one obvious tool to achieve this, because 
the environment is manipulated in standard ways and randomization of participants to 
conditions breaks down the possibility of rPE (Bakermans-Kranenburg & van IJzendoorn, 
2015; van IJzendoorn & Bakermans-Kranenburg, 2012). In longitudinal studies, however, 
correlations between temperament and parenting are oftentimes present, and instead of 
requiring them to be absent, it may be possible to acknowledge their presence, and try 
to model these correlations instead. For example, in future longitudinal studies, it may 
be possible to tease apart rPE processes from moderating effects of temperament traits, if 
parenting, temperament and outcomes are assessed repeatedly while testing for moderating 
effects of temperament and bidirectional associations between temperament and parenting 
within the same model.

Issue 3: Gender differences in susceptibility
While not a specific aim of this dissertation, in chapter 2, 3 and 4 no gender differences 
in susceptibility were found. Other studies, however, have found such differences, but 
with different findings pointing to either boys or girls as being more susceptible (e.g., 
Lengua, 2008; Ramchandani, van IJzendoorn, & Bakermans-Kranenburg, 2010). However, 
in the meta-analysis (chapter 5) there were too few studies reporting on parenting-by-
temperament interactions separately for boys and girls to test gender as a moderator of 
differential susceptibility effects in a meta-analysis. Whether parenting differentially affects 
susceptible boys versus susceptible girls therefore remains an open question.  

On a purely theoretical basis, it would be surprising if the fitness benefits of variation 
in susceptibility would be bestowed mainly onto males or mainly onto females. However, 
two more specific ways exist in which gender could potentially moderate differential 
susceptibility effects. First, it might be that gender matters in how susceptible children 
behave when they experience a harsh environment. From an evolutionary perspective, the 
two sexes are expected to use different strategies in response to the same environmental 
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cues (e.g., Geary, 2002; James, Ellis, Schlomer, & Garber, 2012). In harsh and unpredictable 
environments males are expected to be more likely to show aggressive/externalizing (“fight”) 
behaviors, whereas women are expected to be more likely to show withdrawn/internalizing 
(“flight”) behaviors. The adaptive calibration model (Del Giudice et al., 2011; Ellis et al., 
2013) therefore proposes the existence of two subtypes of susceptible individuals in harsh 
and unpredictable environments: A vigilant-agonistic subtype associated with increased 
risk taking, impulsivity, agonistic social competition and reactive aggression, and a vigilant-
withdrawn subtype associated with social anxiety and fearful/withdrawn behavior. Males 
should be overrepresented in the vigilant-agonistic subtype, while women should be 
overrepresented in the vigilant-withdrawn subtype. In sum, susceptible girls in a harsh 
environment might be more likely to develop internalizing behavior, whereas susceptible 
boys in a harsh environment might be more likely to develop externalizing behavior.

Second, while in general child gender may not moderate differential susceptibility 
effects, it may do so when the combination of parent- and child gender is taken into 
account. Paternal investment theory posits a unique role for fathers in guiding daughters’ 
sexual and behavioral development (Draper & Harpending, 1982, 1988; Ellis, 2004; 
Geary, 2000). Research has indeed shown that girls receiving lower quality fathering tend 
to engage in more risky sexual behavior and earlier menarche (Ellis, Schlomer, Tilley, & 
Butler, 2012; Webster, Graber, Gesselman, Crosier, & Schember, 2014), that for daughters, 
father involvement seemed to matter more than mother involvement (Ellis, McFadyen-
Ketchum, Dodge, Pettit, & Bates, 1999), and that father absence mattered more for sexual 
risk taking of daughters than of sons (James et al., 2012). Moreover, within the framework 
of differential susceptibility, research showed that girls with more reactive temperaments 
were more susceptible to father involvement than their less reactive counterparts. No 
such difference in susceptibility to father involvement was observed for boys differing in 
reactivity (Ramchandani et al., 2010). Thus, it might be that susceptible girls are especially 
susceptible to father influences, relative to mother influences or to boys.

Issue 4: Specialists or generalists
Can susceptible persons be expected to be able to react to and adjust to a wide range of 
environments at any point in life? The distinction between specialists and generalists, 
which is commonly made within the fields of evolutionary biology and behavioral ecology, 
may be relevant when trying to answer this question (Ellis, Jackson, & Boyce, 2006). The 
distinction between specialists and generalists is based on the notion that an evolutionary 
trade-off exists between performing a few activities well, but having trouble switching 
environments1 (specialists) and many activities less well, but being able to easily switch 

1 The environment and the role an individual performs in that environment are more precisely referred to as 
a ‘niche’ (Pocheville, 2015)
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environments (generalists) (Wilson & Yoshimura, 1994). Both specialists and generalists 
are likely to co-exist within a population. Whether highly susceptible individuals are 
specialists or generalists is a trickier question than it may seem at first glance. Yet when 
studying differential susceptibility, it is important to be clear on what a susceptible person 
will look like and behave. 

The differential susceptibility model poses that, as a form of bet-hedging against an 
uncertain future, natural selection would have shaped parents to bear children varying in 
susceptibility, with some children being more affected by the parenting they experience than 
others (Belsky, 1997a, 1997b, 2000, 2005). Thus, natural selection would have maintained 
the existence of both “conditional” and “fixed” developmental strategies. Individuals who 
employ fixed strategies are believed to be relatively impervious to socialization efforts, 
whereas individuals who employ conditional strategies are shaped by environmental factors 
and can fit and thrive in a variety of environments (Rowe, Vazsonyi, & Figueredo, 1997). 
Highly susceptible individuals would employ conditional strategies, and therefore be able 
to adapt to a wide range of environments, stressful and supportive. Following this rationale, 
highly susceptible individuals could be argued to be generalists. 

In other evolutionary-based models of individual differences in environmental 
sensitivity, the focus is more on conditional adaptation. According to the biological 
sensitivity to context and adaptive calibration models, differences in plasticity occur based 
on the amount of stress vs. support children have been exposed to during childhood (Boyce 
& Ellis, 2005; Del Giudice et al., 2011; Ellis et al., 2005). Children growing up in stressful 
or supportive environments direct or regulate their development in a direction compatible 
with their early environmental contexts. As a result, they then specialize in that strategy, 
and it could be argued that susceptible children would therefore most likely be specialists. 

What is needed to clarify this apparent contradiction is a distinction between short-
term reactivity and long-term susceptibility, which is made in this dissertation. The concept 
of specialists versus generalists has to do with the range of behaviors and strategies an 
individual can show at a given point in time, and likely transpires at the reactivity level. 
Susceptibility on the other hand, focuses more on the extent to which an individual’s 
development is guided by the environment they grow up in. If susceptibility and reactivity 
are unrelated (as tentatively suggested by the results in chapter 8), and if being a specialist 
or a generalist is expressed at the reactivity level, then it follows that different classes of 
susceptible individuals could exist, with some being specialists and others being generalists. 

How can susceptible individuals become specialists as well as generalists? Possibly, 
susceptible individuals could develop into specialists or generalists by adapting to the 
predictability of their environment. In general, conditional adaptation enables individual 
to learn about the state of their environment, before adapting accordingly. Individuals can 
adapt to how stressful or supportive their environment is (as specified in the biological 
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sensitivity to context and adaptive calibration models; Boyce & Ellis, 2005; Del Giudice et 
al., 2011; Ellis et al., 2005), but also to how predictable or unpredictable that environment 
is (Frankenhuis & Panchanathan, 2011). Some individuals receive a fairly homogeneous, 
consistent sample of cues from their environment, resulting in a confident estimate about 
what the world is like—these individuals may specialize early. Other individuals receive a 
heterogeneous, uninformative set of cues—those individuals may refrain from specializing 
and instead keep sampling, turning into generalists. 

Putting everything together, some individuals who are born with a potential to be 
highly susceptible may develop into generalists, when receiving cues that provide little 
information about how stressful or safe their environment is. These susceptible generalists 
might also become reactive “for better and for worse”. Other individuals who are born with 
a potential to be highly susceptible may develop into specialists, after receiving a fairly 
consistent set of cues about what their environment is like. These susceptible specialists can 
for instance specialize towards being more sensitive to adversity (as per diathesis-stress, 
or the vigilant subtype in the adaptive calibration model), or sensitive to support (as per 
vantage sensitivity, or the sensitive subtype in the adaptive calibration model; Del Giudice 
et al., 2011; Pluess, 2015). Yet they would likely not remain high on reactivity “for better and 
for worse”. Importantly, both these pathways entail developmental susceptibility: Susceptible 
individuals develop into specialists or generalists in response to their environment. 

Issue 5: How individual differences in susceptibility come about
Originally, differential susceptibility and biological sensitivity to context models had a 
different emphasis as to where individual differences in susceptibility stem from, with one 
focusing on diversified bet-hedging, and the other on conditional adaptation2. While more 
recent versions of the differential susceptibility model acknowledge that both conditional 
adaptation and bet-hedging could contribute to individual differences in susceptibility, 
empirical tests remain scarce. One recent study found support for different responsivity 
patterns depending on previously experienced family and ecological conditions, consistent 
with conditional adaptation (Ellis et al., 2016). 

Bet-hedging proves more difficult to test (Ellis et al., 2011). Based on diversified 
bet-hedging, the differential susceptibility model specifies a high level of within-family 
variability in susceptibility to environmental influence (e.g., Belsky, 1997a, 2005). In its 
current form, however, this prediction is not testable because there is substantial within-
family variation in all quantitative traits (Lykken, McGue, Tellegen, & Bouchard, 1992; 
Plomin & Daniels, 1987). It is therefore hard to judge whether within-family variability 

2 More recently negative frequency-dependent selection has also been suggested as a way of maintaining 
individual differences in susceptibility in a population (Ellis et al., 2006; Wolf et al., 2008). In negative 
frequency-dependent selection, the fitness of a phenotype decreases as it becomes more common within a 
given niche, thus preserving variation in that phenotype, in that niche. 
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in susceptibility is “high” or “low”. Moreover, it is not clear whether this variability would 
be the result of bet-hedging, or other processes that maintain individual differences in 
traits, such as negative frequency-dependent selection (Ellis et al., 2006; Wolf et al., 2008). 
Consequently, the presence of within-family variability in susceptibility does not in and of 
itself constitute evidence of bet-hedging.

However, perhaps the prediction of within-family variability due to bet-hedging can be 
made more specific. Differential susceptibility also suggests that bet-hedging occurs by way 
of “insurance” against an uncertain future. Therefore, there should be most within-family 
variation in susceptibility in environments that have proven to be moderately predictable 
across generations, mainly buffered phenotypes in unpredictable environments, and mainly 
susceptible phenotypes in extremely predictable environments. The challenge for empirical 
research would be to operationalize and locate such environments, but if this proves feasible, 
then bet-hedging as specified by the differential susceptibility model becomes a falsifiable 
construct. Until that time, simulation studies can provide preliminary evidence of whether 
individual differences in plasticity could, logically, result from parental bet-hedging. A 
recent study using this approach showed that individual variation in plasticity can evolve 
through parental bet-hedging, provided the environment varies across time, fitness effects 
are large, and the cost of being mismatched to the environment exceed the benefits of being 
well matched (Frankenhuis, Panchanathan, & Belsky, 2016). 

Implications for Parents, Practitioners, and Intervention Research
A differential susceptibility perspective has important practical implications for 
understanding why children respond differently to parenting and to intervention efforts. A 
direct implication of the differential susceptibility model is that parenting- and intervention 
effects will not be homogeneous across children, but will vary in size depending on the 
susceptibility of children to their environment. This was shown in several of the chapters 
in this dissertation as well (chapter 2, 3, 5, 7). Interventions may yield quite modest or even 
absent effects for some children, while at the same time modest to strong effects are found 
for the susceptible subgroup of children or their parents (van IJzendoorn & Bakermans-
Kranenburg, 2015). Knowledge of susceptibility may therefore help practitioners and 
policymakers in obtaining more realistic estimates of the effectiveness of interventions. In 
addition, knowledge of differential susceptibility could facilitate the design of programs, 
tailoring them to the needs of children who differ in susceptibility. 

The differential susceptibility model does not support the notion that intervention 
efforts should be exclusively directed at susceptible children. Children’s susceptibility to 
environmental influences may be best conceptualized as a continuous dimension (Ellis et 
al., 2011), implying that less susceptible children may simply need more intense intervention 
efforts before obtaining results similar to those achieved with more susceptible children. In 
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addition, as discussed with respect to the third aim, it is possible that individuals might 
vary in their susceptibility throughout their life, and thus be more or less responsive to 
interventions depending on the stage of their life they are in. In general, the results in this 
dissertation show that identifying who is susceptible, during what phase in life, and on 
what time scale, is challenging. But more importantly, when it comes to who does and who 
does not receive services (be they intervention, prevention, but also education or health 
care), values such as equality matter more than evidence of efficacy. According to the UN 
Convention on the Rights of the Child (1989), all children are entitled to a “good-enough” 
physical and social environment, and should thus have equal access to services.

The differential susceptibility model further demands a positive relabeling of children 
not as vulnerable to harsh circumstances, but as susceptible to both harsh and supportive 
circumstances. In line with this way of thinking, the results in chapter 7 suggest that infants 
who are high on negative emotionality or children with a difficult temperament, might (at 
least in some instances) be better conceptualized as susceptible in general. 

Finally, the idea of developmental mismatch as specified by the differential susceptibility 
model has interesting implications for intervention research, because one may argue that 
an intervention can actually cause a developmental mismatch. To illustrate, consider the 
development of vigilance and stress responsivity as discussed in the psychosocial literature 
(Frankenhuis & Del Giudice, 2012). Children growing up in hostile environments tailor 
their emotions, arousal, and perception to the detection and monitoring of danger. For 
instance, abused children show more rapid orienting to (and delayed disengagement 
from) angry faces compared with peers developing in a safer environment (Pollak, 
2008). Moreover, children’s degree of sensitivity to danger correlates with the magnitude 
of abuse they endured (Shackman, Shackman, & Pollak, 2007). These results fit with the 
evolutionary-developmental hypothesis that children calibrate their levels of vigilance and 
stress responsivity to the state of their environment. However, heightened levels of vigilance 
and stress responsivity can persist long after a child has been adopted by caring, supportive 
foster parents (for a review, see Marshall & Kenney, 2009). In the new environment, 
constantly elevated stress responsivity levels can have maladaptive effects, for instance by 
negatively impacting immune functioning (Shirtcliff, Coe, & Pollak, 2009). Further, the 
aggressive or withdrawn behaviors that co-occur with heightened stress responsivity (Del 
Giudice et al., 2011) may alienate children from their new social environment, where such 
responses are no longer useful. Thus, when the environment changes from harsh to safe 
due to intervention, the maintenance of high vigilance and stress responsivity may create a 
mismatch between a child and its new environment. 

However, when thinking about how interventions can impact functioning3 by causing 
a developmental mismatch (moving from a harsh to a supportive environment, in this 

3  In this case, what is meant by “functioning” is actually “fitness”.
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case), it is important to think about functioning in relative terms. For instance, within a 
harsh environment, individuals matched to that environment function better relative 
to individuals not matched to that environment. Likewise, within a safe environment, 
individuals matched to that environment may function better relative to individuals 
not matched to that environment. However, and this is crucial to intervention, within 
individuals, being mismatched in a safe environment may still result in better functioning 
than being matched to a harsh environment (Ellis, Del Giudice et al., 2012). Therefore, 
interventions that provide individuals the help they need continue to be worthwhile. 

General Conclusion

Despite the surge of interest in differential susceptibility theory during the past decade, 
several questions remained concerning what characterizes susceptible individuals. In this 
dissertation we made a first attempt at answering these questions. Can the same persons 
really be susceptible “for better and for worse”, within a lifetime? If such susceptible 
individuals exist, what markers can best be used to identify them? Are they susceptible 
only early in life or throughout life? And finally, are they only developmentally susceptible 
or also reactive “for better and for worse”? Based on the findings in this dissertation it has 
become clear that it is challenging to find individuals who are susceptible to both harsh and 
supportive environments, and that we cannot take their existence for granted yet. Within-
person designs provide a powerful tool to further adress this issue. Moreover, susceptible 
individuals will likely be found under specific conditions only, depending on the markers 
used to identify them, the age at which they are studied, and the time scale at which they are 
studied. While negative emotionality during infancy may be used to recognize more and 
less susceptible individuals, sensory processing sensitivity and openness may be better used 
to this end after infancy. Surgency and effortful control are less likely to function as general 
susceptibility markers, although they may pick up on more domain-specific sensitivity to 
parenting. Support for individual differences in susceptibility was found among children of 
different ages, as well as adults, suggesting that susceptibility is either a characteristic that 
remains stable throughout life, or that multiple windows of plasticity exist, beyond infancy. 
Finally, while support for both differential susceptibility and differential reactivity was 
found, those who are susceptible “for better and for worse” may not necessarily be reactive 
“for better and for worse” as well. Differential susceptibility as a concept has enriched 
our ideas of how individuals may vary in their susceptibility to social contexts, bringing 
more optimism to them. This dissertation contributes to existing ideas about differential 
susceptibility, by highlighting the many forms in which susceptibility may express itself.
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Achtergrond van het Onderzoek
Lange tijd heeft onderzoek zich gericht op de vraag waarom sommige kinderen 
kwetsbaarder zijn dan anderen voor risico’s en gevaren in hun omgeving, voor hardvochtige 
omstandigheden, of voor een lage opvoedkwaliteit (volgens het diathese-stressmodel; 
Monroe & Simons, 1991; Zuckerman, 1999). Maar zouden deze zogenaamde “kwetsbare” 
kinderen ook uitbundig kunnen bloeien wanneer ze opgroeien in een warme, verzorgende, 
ondersteunende omgeving? Het antwoord op deze vraag is wellicht “ja”, volgens het recenter 
ontwikkelde differentiële ontvankelijkheidmodel (Belsky, 1997a, 1997b, 2005; Belsky et 
al., 2007; Boyce et al., 1995; Boyce & Ellis, 2005; Ellis et al., 2005; Ellis et al., 2011). Het 
differentiële ontvankelijkheidmodel stelt dat kinderen variëren in hun algemene gevoeligheid 
voor omgevingsinvloeden. Cruciaal daarbij is dat juist die kinderen die bovengemiddeld 
kwetsbaar zijn voor een hardvochtige of lage kwaliteit opvoeding, bovengemiddeld zouden 
profiteren van een ondersteunende of hoge kwaliteit opvoeding; ze zijn ontvankelijk zowel 
in “negatieve” als in “positieve” zin. Differentiële ontvankelijkheid en de boeiende nieuwe 
kijk die het biedt op ontwikkeling zijn snel toegenomen in populariteit, resulterend in 
een rijke literatuur die beweert ondersteuning te vinden voor dit model (voor reviews, zie 
Belsky & Pluess, 2009; Ellis et al., 2011). Toch blijven er te veel onbeantwoorde vragen om 
het differentiële ontvankelijkheidmodel volledig te omarmen. Dit proefschrift heeft zich 
gericht op een aantal van deze vragen, aan de hand van de vier doelstellingen die hierna 
worden besproken.

De eerste en overkoepelende doelstelling van dit proefschrift was te onderzoeken of 
individuen verschillen in hun gevoeligheid voor sociale contexten (met name opvoeding), 
zowel in negatieve als in positieve zin, afhankelijk van hun temperamentstrekken. De 
tweede doelstelling van deze proefschrift was om bestaande indicatoren te testen en nieuwe 
indicatoren te vinden die kunnen worden gebruikt om te herkennen welke personen meer 
of minder gevoelig voor omgevingsinvloeden zijn. De derde doelstelling van dit proefschrift 
was om te onderzoeken of verschillen in gevoeligheid aanwezig zijn gedurende het hele 
leven, en of de beste temperamentstrekken om die verschillen te identificeren variëren 
afhankelijk van de levensfase. De vierde doelstelling van dit proefschrift was om zowel 
differentiële ontvankelijkheid (gericht op hoe omgevingen lange-termijnontwikkeling 
beïnvloeden) en differentiële reactiviteit (gericht op korte-termijnreacties), en hun verband 
te onderzoeken.

Gebruikte Data 
De vier doelstellingen van dit proefschrift zijn onderzocht in zeven empirische studies, met 
behulp van vier steekproeven variërend in leeftijd van geboorte tot volwassenheid, gebruik 
makend van longitudinale vragenlijsten, meta-analyse, een experiment en observaties.
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Steekproef 1
De deelnemers in hoofdstuk 2 waren 285 Nederlandse adolescenten en hun beste vrienden, 
uit de Nijmeegse Gezin en Persoonlijkheid Studie (Haselager et al., 2014). De studie behelsde 
drie jaarlijkse meetmomenten, waarbij vier familieleden (moeder, vader, oudere adolescent, 
jongere adolescent) deelnamen. Dit hoofdstuk richtte zich op de oudere adolescenten en 
de laatste twee meetmomenten. Voor hoofdstuk 4 werden de gegevens van 288 moeders 
en 288 vaders tussen de 34 en 56 jaar gebruikt, afkomstig van alle drie de meetmomenten.

Steekproef 2
Aan deze longitudinale studie hebben 120 Nederlandse kinderen in de leeftijd van 6 tot 
11 deelgenomen. De gegevens werden verzameld met behulp van vragenlijsten die door 
de ouders op twee meetmomenten werden ingevuld. Daarnaast werden interacties tussen 
ouders en kinderen geobserveerd op het eerste meetmoment. 

Steekproef 3
De totale steekproef voor de meta-analyse bestond uit 105 steekproeven afkomstig uit 84 
studies, samen goed voor 6.153 deelnemers. Het ging om longitudinale en experimentele 
studies waarin kinderen tot 18 jaar werden onderzocht.

Steekproef 4
De steekproef bestond uit 280 Nederlandse kinderen variërend in leeftijd tussen 4 en 7 jaar. 
Tijdens een screeningfase vulden ouders een korte online vragenlijst in, waar ze zich konden 
aanmelden voor de studie en informatie konden geven over het temperament van hun 
kinderen. Na de screening volgden nog drie meetmomenten van online dataverzameling, 
steeds met zeven maanden ertussen. Op elk van deze drie meetmomenten rapporteerden 
ouders over hun opvoedgedrag terwijl leerkrachten rapporteerden over externaliserend 
en prosociaal gedrag van kinderen. Daarnaast zijn 190 van deze kinderen elk tweemaal 
thuis bezocht door getrainde onderzoekers. Tijdens het eerste bezoek vonden observaties 
van ouder-kind interacties plaats en namen kinderen deel aan de eerste helft van een 
experiment. Tijdens het tweede bezoek vond de tweede helft van het experiment plaats.

Hoofdstuk 6 richtte zich op de 190 kinderen die deelnamen aan het experiment. De 
experimentele manipulatie bestond uit rollenspellen met behulp van poppen. Kinderen 
in de experimentele groep ontvingen elk (tijdens verschillende huisbezoeken) positieve 
feedback en negatieve feedback, terwijl de kinderen in de controlegroep geen feedback 
kregen. De uitkomstmaten –positieve emoties, prosociale intenties, prosociaal gedrag, 
negatieve emoties, antisociale intenties, en antisociaal gedrag- werden steeds vóór en na de 
rollenspellen gemeten. Voor hoofdstuk 7 werden de 264 kinderen die deelnamen aan het 
longitudinale deel van de studie met hun moeders geselecteerd. De nadruk in dit hoofdstuk 
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lag op de longitudinale vragenlijstgegevens. Hoofdstuk 8 richtte zich op de 144 kinderen 
die met hun moeders deelnamen aan de observaties van ouder-kind interacties. Kinderen 
en hun moeders werden geobserveerd gedurende 5 minuten spel en 5 minuten opruimen. 
Deze interacties werden op video opgenomen en daarna gecodeerd. Voor elke segment van 
vijf-seconden werden negatieve emoties, neutrale en positieve emoties gecodeerd, zowel 
voor moeders en kinderen. Daarnaast werden longitudinale vragenlijstgegevens gebruikt.

Doelstelling 1:  
Differentiële Ontvankelijkheid in Zowel Negatieve als Positieve Zin
Veel studies naar opvoeding*temperament interacties richtten zich op een beperkt bereik 
aan omgevingen en ontwikkelingsuitkomsten, met nadruk op ofwel de negatieve kant 
van het spectrum ofwel de positieve kant van het spectrum (Pluess et al., 2013). Maar 
alleen een focus op het volledige spectrum, van negatief naar positief, legt het verschil 
bloot tussen de verschillende modellen van omgevingsgevoeligheid zoals differentiële 
ontvankelijkheid, diathese-stress en voordeelgevoeligheid. Bovendien gaat het differentiële 
ontvankelijkheidmodel ervan uit dat dezelfde kinderen die bovengemiddeld kwetsbaar 
zijn voor negatieve ervaringen ook bovengemiddeld kunnen profiteren van positieve 
ervaringen, en vice versa. Eerder onderzoek is echter niet in staat geweest om deze aanname 
direct te testen, omdat de deelnemers niet (experimenteel) werden blootgesteld aan zowel 
negatieve als positieve omgevingen. Het eerste doel van dit proefschrift was dan ook om te 
onderzoeken of mensen verschillen in hun gevoeligheid voor sociale contexten, met name 
opvoeding, zowel in negatieve als positieve zin.

In hoofdstuk 5 is de longitudinale en experimentele literatuur over 
opvoeding * temperament interacties samengevat middels een meta-analyse. Hieruit 
bleek dat kinderen met een moeilijker temperament (in vergelijking tot kinderen met 
een makkelijker temperament) en baby’s die hoog scoorden op negatieve emotionaliteit, 
kwetsbaarder waren voor negatief opvoeden, maar ook meer profiteerden van positief 
opvoeden, wat het differentiële ontvankelijkheidmodel ondersteunt. Hoewel deze 
bevindingen veelbelovend zijn, onderzochten veel van de studies in deze meta-analyse 
alleen het verband aan de “negatieve kant” (hoe negatief opvoedgedrag probleemgedrag bij 
kinderen voorspelt) of alleen het verband aan de “positieve kant” (hoe positief opvoedgedrag 
prosociaal gedrag en cognitieve vaardigheden bij kinderen voorspelt). Oftewel, kinderen 
die ontvankelijk waren voor negatieve opvoeding en kinderen die ontvankelijk waren voor 
positieve opvoeding, kwamen niet per se uit dezelfde steekproef.

In de andere empirische studies (met uitzondering van hoofdstuk 2) in dit proefschrift is 
geprobeerd om dit aan te pakken door een breder spectrum, van negatief naar positief, van 
zowel omgevingen als uitkomsten te meten, binnen elke studie. Zo bleek dat kinderen die 
hoger scoorden op de persoonlijkheidstrek ‘hoogsensitiviteit’, in vergelijking tot zij die lager 
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scoorden, ontvankelijker waren voor opvoeding bij het voorspellen van externaliserend 
probleemgedrag (hoofdstuk 7), in zowel negatieve als positieve zin. Ook lieten de resultaten 
zien dat een deel van de kinderen (13%) zowel eerder reageren met negatieve emoties op 
negatieve emoties van hun moeders als  met positieve emoties op positieve emoties van hun 
moeders. Deze kinderen lieten emotionele reactiviteit zien, zowel in positieve als negatieve 
zin (steun biedend aan het idee van “differentiële reactiviteit”; hoofdstuk 8). Tot slot bleken 
ouders die hoog scoorden op de persoonlijkheidstrek openheid ontvankelijker te zijn voor 
de kwaliteit van steun die zij ervoeren van hun adolescente kinderen, zowel in positieve 
als negatieve zin (hoofdstuk 4). In drie studies werd echter geen steun gevonden voor 
differentiële ontvankelijkheid (hoofdstuk 2, 3, 6).

Naast het meten van een breed spectrum aan omgevingen en uitkomsten, zijn herhaalde 
metingen binnen personen nodig om te testen of dezelfde kinderen gevoelig kunnen zijn 
voor zowel negatieve als positieve sociale contexten. Dit was het expliciete doel in het 
experiment in hoofdstuk 6. Toch is in dit experiment alleen een groep kinderen (10%) 
gevonden die kwetsbaar was voor negatieve feedback, en geen groep kinderen die gevoelig 
was voor zowel negatieve als positieve feedback. Echter, de effecten van positieve feedback 
waren klein in dit experiment, waardoor het vinden van een dergelijke groep, als deze zou 
bestaan, lastig was. In hoofdstuk 8, waar moeders zowel negatieve als voldoende positieve 
emoties toonden, wezen de bevindingen op een groep kinderen (13%), die emotioneel 
reactief waren naar aanleiding van zowel negatieve als positieve emoties van hun moeders.

Doelstelling 2:  
Herkennen van Gevoelige Personen met Behulp van Temperamentstrekken
Hoewel verschillende indicatoren van ontvankelijkheid zijn onderzocht (met name 
negatieve emotionaliteit, d.w.z. de neiging om snel overstuur te raken), weet men nog 
relatief weinig over geschikte indicatoren om gevoelige kinderen te herkennen. Het tweede 
doel van dit proefschrift was om bestaande en mogelijke nieuwe indicatoren te testen 
waarmee bepaald kan worden welke mensen waarschijnlijk meer of minder gevoelig voor 
hun omgeving zullen zijn.

De eerste pogingen om potentiële indicatoren voor ontvankelijkheid te vinden wezen 
naar negatieve emotionaliteit en een moeilijk temperament (Belsky, 1997b, 2005; Belsky et 
al., 1998). In lijn met deze bevindingen liet hoofdstuk 5 zien dat kinderen met een moeilijker 
temperament ontvankelijker voor opvoeding waren. Hoewel moeilijk temperament vaak is 
gesuggereerd als indicator voor verschillen in ontvankelijkheid, is het vanwege de brede 
aard moeilijk om aan te wijzen welke aspecten van dat ‘moeilijke’ temperament (negatieve 
emotionaliteit, extraversie, lage zelfregulatie) precies die verschillen in ontvankelijkheid 
oppikken. Noch extraversie noch zelfregulatie bleken in hoofdstuk 5 de verbanden tussen 
opvoeding en gedrag van kinderen te modereren op een manier die past bij differentiële 
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ontvankelijkheid, terwijl negatieve emotionaliteit dat wel deed. Dit suggereert dat eerdere 
bevindingen die wezen op moeilijk temperament als indicator van ontvankelijkheid, 
wellicht vooral terug te voeren zijn op het “negatieve emotionaliteit” aspect van moeilijk 
temperament.

In hoofdstuk 5 bleken negatief emotionele kinderen ontvankelijker te zijn in zowel 
positieve als negatieve zin, maar alleen als hun temperament werd gemeten terwijl ze nog 
een baby waren. Hoewel negatieve emotionaliteit werd getest als mogelijke indicator in 
meerdere andere hoofdstukken (3, 6, 7), gaf het daar geen verschillen in ontvankelijkheid 
aan. Dit verschil ligt mogelijk aan het feit dat negatieve emotionaliteit op latere leeftijd 
gemeten werd in deze hoofdstukken, namelijk bij kleuters en lagere schoolkinderen.

In hoofdstuk 7 bleken hoogsensitieve kinderen ontvankelijker voor zowel negatieve 
als positieve opvoeding bij het voorspellen van gedragsproblemen, vergeleken met minder 
sensitieve kinderen. Kinderen die hoger scoorden op negatieve emotionaliteit bleken echter 
niet ontvankelijker voor opvoeding. In tegenstelling tot negatieve emotionaliteit wordt 
hoogsensitiviteit theoretisch in verband gebracht met een ruimer zintuiglijk bewustzijn 
en verwerken van informatie uit de omgeving, ongeacht of deze negatief of positief is 
(Aron et al., 2012). Omdat ze ervaringen grondiger verwerken, wordt verondersteld dat de 
ontwikkeling van hoogsensitieve kinderen sterker wordt beïnvloed door hun omgeving. De 
bevindingen suggereren dat hoogsensitiviteit, in elk geval bij kleuters, meer samenhangt 
met individuele verschillen in ontvankelijkheid dan negatieve emotionaliteit.

Noch in hoofdstuk 3, noch in hoofdstuk 5 kwam extraversie naar voren als een potentiële 
indicator van ontvankelijkheid. Echter, extraversie is een breed construct en in sommige 
modellen van temperament wordt het gesplitst in twee aspecten: Activiteit/impulsiviteit, 
enerzijds, en sociabiliteit anderzijds (de Pauw et al., 2009). In dit proefschrift bleken 
impulsievere kinderen kwetsbaarder voor een gebrek aan ouderlijke responsiviteit; dit 
voorspelde externaliserend gedrag (hoofdstuk 3). Minder extraverte kinderen daarentegen 
leken meer te profiteren van positief opvoeden; dit voorspelde cognitieve vaardigheden 
(hoofdstuk 5). Bij het bestuderen van hoe kinderen verschillen in gevoeligheid voor hun 
omgeving, lijkt het daarom belangrijk om onderscheid te maken tussen de verschillende 
aspecten van extraversie.

Kinderen met een lage tot gemiddelde zelfregulatie bleken meer gebaat bij responsief 
opvoedgedrag dan kinderen met hoge zelfregulatie; dit voorspelde lagere niveaus van 
probleemgedrag (hoofdstuk 3 en 5). Deze bevindingen suggereren dat hoewel zelfregulatie 
niet samenhangt met verschillen in ontvankelijkheid in positieve én negatieve zin, kinderen 
met relatief weinig zelfregulatie bovengemiddeld kunnen profiteren van een positieve, 
responsieve opvoeding. Wellicht kan responsief opvoedgedrag bij kinderen met lage tot 
matige niveaus van zelfregulatie de regulatie van hun gedrag en emoties ondersteunen 
(Belsky, Pasco Fearon & Bell, 2007; Chang et al., 2011), wat bijdraagt aan minder 
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probleemgedrag (Kochanska et al., 2009).
In twee van de hoofdstukken werden de Big Five persoonlijkheidstrekken getest als 

potentiële ontvankelijkheidindicatoren. In hoofdstuk 2 bleken adolescenten die laag 
scoorden op zorgvuldigheid kwetsbaarder voor delinquent gedrag van hun beste vrienden, 
dit voorspelde meer delinquent gedrag bij henzelf. Omdat in dit hoofdstuk echter alleen 
negatieve omgevingen en uitkomsten beschikbaar waren, leent het zich niet om onderscheid 
te maken tussen diathese-stress en differentiële ontvankelijkheidmodellen. In hoofdstuk 
4 bleken ouders die hoog scoorden op openheid gevoeliger te zijn voor de kwaliteit van 
steun van hun adolescente kinderen, zoals geuit in de steun die zij op hun beurt aan 
hun kinderen gaven. De bevindingen suggereren dat openheid kan functioneren als een 
ontvankelijkheidindicator bij volwassenen.

Tot slot werd emotionele reactiviteit van kinderen op zowel positieve als negatieve 
emoties van ouders bestudeerd als een mogelijke ontvankelijkheidindicator in hoofdstuk 
8. Relaties tussen positieve en negatieve opvoeding enerzijds en de ontwikkeling van 
prosociaal en externaliserend gedrag anderzijds bleken vergelijkbaar voor kinderen in de 
hoog-reactieve en gemiddeld-reactieve groepen. 

Doelstelling 3:  
Differentiële Ontvankelijkheid Gedurende het Leven
Hoewel onderzoek naar differentiële ontvankelijkheid populair is, ontbreekt een 
ontwikkelingsperspectief veelal (Pluess et al., 2013). Het is niet duidelijk of ontvankelijke 
mensen ontvankelijk zijn gedurende hun hele leven, of dat er bepaalde perioden zijn 
(bijvoorbeeld de babytijd) waarbij ontvankelijkheid groter is dan in andere perioden. 
Bovendien, zelfs als ontvankelijke mensen gedurende hun hele leve ontvankelijk blijven, 
kunnen de beste indicatoren om hen te herkennen verschillen per leeftijd. Deze dissertatie 
had daarom als derde doel om te onderzoeken of verschillen in ontvankelijkheid gedurende 
het hele leven bestaan, en of de beste temperamentstrekken om zulke verschillen vast te 
stellen variëren tijdens het leven.

Met behulp van een meta-analyse in hoofdstuk 5 is gevonden dat kinderen die 
hoog scoren op negatieve emotionaliteit gevoeliger bleken te zijn, in zowel positieve als 
negatieve zin, maar alleen als hun temperament werd gemeten als baby. De resultaten van 
de afzonderlijke studies in dit proefschrift convergeerden met deze bevinding, aantonend 
dat negatieve emotionaliteit (of neuroticisme) geen moderator was van relaties tussen de 
(opvoed)omgeving en uitkomsten onder kleuters (hoofdstuk 6 en hoofdstuk 7), basisschool 
kinderen (hoofdstuk 3, hier was moderatie door negatieve emotionaliteit in lijn met het 
diathese-stressmodel), adolescenten (hoofdstuk 2) en volwassenen (hoofdstuk 4). Op 
basis van deze resultaten zijn twee scenario’s mogelijk. In de eerste plaats kan het zijn dat 
ontvankelijke mensen ontvankelijk blijven gedurende hun hele leven, maar dat negatieve 
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emotionaliteit niet langer onderscheid kan maken tussen meer en minder ontvankelijke 
mensen als het gemeten wordt na de babytijd. Ten tweede kan het zijn dat er een gevoelige 
periode bestaat voor ontvankelijke mensen, waarbij ontvankelijkheid piekt tijdens gevoelige 
periodes (babytijd), en lager is anderszins.

Voor wat betreft het eerste scenario, ontvankelijke kinderen, in vergelijking tot minder 
ontvankelijke kinderen raken gemakkelijker overweldigd door prikkels uit de omgeving. 
Vooral als ze baby’s zijn, kan negatieve emotionaliteit een gebruikelijke reactie zijn op 
dergelijke overstimulatie bij ontvankelijke kinderen (Aron en Aron, 1997; Aron et al., 
2012). Aan deze vroege negatieve emotionaliteit zou een zeer gevoelig zenuwstelsel ten 
grondslag kunnen liggen, wat wellicht tot uiting komt in persoonlijkheidstrekken als 
hoogsensitiviteit. Het niveau van negatieve emotionaliteit kan gedurende het leven echter 
veranderen bij ontvankelijke kinderen. Ontvankelijke kinderen kunnen bijvoorbeeld leren 
om hun negatieve emotionaliteit te reguleren als ze ouder worden (Eisenberg et al., 1996; 
Eisenberg et al., 2010; Rothbart & Bates, 2006), en hun uitingen van negatieve emotionaliteit 
kunnen minder uitgesproken worden als zij opgroeien in een ondersteunende omgeving 
(Blandon et al., 2010).

Voor wat betreft het tweede scenario, sommige onderzoeken wijzen op het bestaan van 
een gevoelige periode, waarbij de ontwikkeling van kinderen het meest gevoelig is voor 
omgevingsinvloeden tijdens de vroege levensjaren, wanneer biologische systemen worden 
aangelegd (bijv. Ganzel & Morris, 2011; Simpson et al., 2012; Windhorst et al., 2015). 
Desondanks hebben andere studies steun gevonden voor differentiële ontvankelijkheid 
bij volwassenen, gebruik makend van genetische ontvankelijkheidindicatoren (bijv. 
Bakermans-Kranenburg et al., 2011; Manuck et al., 2011; Pluess et al., 2010; Sturge-Apple et 
al., 2012). Bovendien is in dit proefschrift steun gevonden voor differentiële ontvankelijkheid 
bij kleuters (hoofdstuk 7) en volwassenen (hoofdstuk 4) gebruik makend van indicatoren 
die verwant zijn aan een grondige informatieverwerking (openheid, hooggevoeligheid). Op 
basis van deze bevindingen is de voorlopige conclusie dat een hoge mate van negatieve 
emotionaliteit en ontvankelijkheid waarschijnlijk niet het hele leven hand in hand gaan. 
Ontvankelijkheid zelf is echter waarschijnlijk ofwel een stabiele eigenschap, of komt naar 
boven gedurende meerdere gevoelige perioden (niet alleen in de babytijd).

Doelstelling 4:  
Differentiële Ontvankelijkheid en Differentiële Reactiviteit
Differentiële ontvankelijkheid kan worden bestudeerd op verschillende tijdschalen. 
Aan het ene uiteinde gaat het om gevoeligheid voor de omgeving gericht op lange-
termijnontwikkeling, wat veel wordt onderzocht in het vakgebied. Aan de andere kant gaat 
het om kleine schommelingen in functioneren, gericht op de korte-termijnveranderingen. 
Deze laatste benadering van differentiële ontvankelijkheid heeft weinig empirische 
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aandacht gekregen tot nu toe. Om onderscheid te maken tussen deze verschillende niveaus 
van analyse, verwijzen we naar de lange-termijnaanpak als differentiële ontvankelijkheid 
(volgens Ellis et al., 2011) en de korte-termijnaanpak als differentiële reactiviteit. Het is 
onduidelijk of er een verband bestaat tussen differentiële ontvankelijkheid en differentiële 
reactiviteit (Stamps, 2016). Het vierde doel van deze dissertatie was om zowel differentiële 
ontvankelijkheid als differentiële reactiviteit, en de relatie tussen de twee, te onderzoeken.

In dit proefschrift werd differentiële ontvankelijkheid zowel getest op macroniveau, 
kijkend naar periodes van jaren (hoofdstuk 3, 4, 5, 7 en 8) en op microniveau, kijkend naar 
seconden tot minuten (d.w.z. differentiële reactiviteit, hoofdstukken 6 en 8 ). Hoewel steun 
werd gevonden voor zowel differentiële ontvankelijkheid (in bepaalde hoofdstukken en 
onder bepaalde voorwaarden) en differentiële reactiviteit (in hoofdstuk 8), was hoofdstuk 
8 het enige hoofdstuk waarin een poging werd gedaan om differentiële reactiviteit te 
koppelen aan differentiële ontvankelijkheid. Uit de bevindingen in dit hoofdstuk bleek 
dat relaties tussen opvoeding en de ontwikkeling van prosociaal en externaliserend gedrag 
vergelijkbaar waren voor kinderen in de hoog emotioneel reactieve en gemiddeld emotioneel 
reactieve groepen. Toch bleek binnen dezelfde steekproef dat hooggevoelige kinderen 
ontvankelijker leken voor zowel negatieve als positieve opvoeding, bij het voorspellen van 
externaliserend probleemgedrag (hoofdstuk 7). Dit suggereert dat kinderen die emotioneel 
reactief waren in zowel negatieve als positieve zin tijdens ouder-kind interacties, niet 
per se ontvankelijker waren voor opvoeding op een ontwikkelingstijdschaal van jaren. 
Differentiële ontvankelijkheid is onderzocht kijkend naar lange-termijnontwikkeling en, in 
mindere mate, kijkend naar korte-termijnveranderingen. De in hoofdstuk 8 gepresenteerde 
resultaten geven een eerste indicatie dat deze twee onderzoekslijnen verschillende 
constructen, of verschillende kinderen, bestuderen. Met andere woorden, verschillen in 
ontvankelijkheid waargenomen op micro- en macro tijdschalen zijn niet noodzakelijkerwijs 
gerelateerd.

Conclusie

Ondanks de sterke stijging van interesse in het differentiële ontvankelijkheidmodel 
gedurende het afgelopen decennium, bleven er verschillende vragen over wat ontvankelijke 
personen kenmerkt. In dit proefschrift is een eerste poging gedaan om deze vragen te 
beantwoorden. Kunnen dezelfde mensen echt gevoelig zijn in zowel negatieve als positieve 
zin? Indien dergelijke gevoelige personen bestaan, met welke ontvankelijkheidindicatoren 
kunnen ze dan worden herkend? Zijn ze alleen gevoelig aan het begin van hun leven 
of gedurende hun hele leven? En tot slot, is vooral hun lange-termijnontwikkeling 
ontvankelijk voor omgevingsinvloeden, of zijn ze ook op korte termijn reactief, in 
negatieve en positieve zin? Op basis van de bevindingen in dit proefschrift is duidelijk 
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geworden dat het een uitdaging is om personen te vinden die ontvankelijk zijn voor zowel 
hardvochtige als ondersteunende omgevingen, en dat we hun bestaan vooralsnog   niet voor 
lief kunnen nemen. Herhaalde metingen onderzoek waarbij mensen aan verschillen d e 
omgevingen worden blootgesteld, vormt een krachtige methode om dit onderwerp verder 
te onderzoeken. Bovendien zullen ontvankelijke mensen waarschijnlijk alleen gevonden 
worden onder bepaalde omstandigheden, afhankelijk van ontvankelijkheidindicato r en, 
de leeftijd waarop ze worden onderzocht, en de tijdschaal waarop ze worden onderzocht. 
Terwijl negatieve emotionaliteit bij baby’s kan worden gebruikt om meer en m i nder 
gevoelige personen herkennen, kunnen hooggevoeligheid en openheid beter gebr u ikt 
worden na de babytijd. Extraversie en zelfregulatie functioneren waarschijnl i jk niet 
als algemene ontvankelijkheidindicatoren, hoewel zij wellicht meer domein-sp e cifieke 
gevoeligheid voor opvoeding kunnen oppikken. Ondersteuning voor individuele 
verschillen in ontvankelijkheid werd gevonden bij kinderen van verschillende leeftijden 
en volwassenen, wat suggereert dat ontvankelijkheid ofwel een kenmerk is dat stabiel blijft 
gedurende het leven of dat er meerdere gevoelige perioden bestaan, ook na de babytijd. 
Tot slot, hoewel ondersteuning voor zowel differentiële ontvankelijkheid als differentiële 
reactiviteit werd gevonden, bleken kinderen die ontvankelijk zijn in zowel negatieve als 
positieve zin, niet noodzakelijkerwijs reactief te zijn in zowel negatieve als positieve zin. 
Het differentiële ontvankelijkheidmodel heeft onze ideeën over hoe mensen kunnen 
verschillen in hun ontvankelijkheid voor sociale contexten verrijkt, en meer optimisme aan 
deze ideeën verleend. Dit proefschrift draagt bij aan bestaande ideeën over differentiële 
ontvankelijkheid, door te wijzen op de vele vormen waarin ontvankelijkheid zichzelf kan 
manifesteren.
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