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Abstract
A large number of studies document that children differ in the degree they are shaped
by their developmental context with some being more sensitive to environmental
influences than others. Multiple theories suggest that Environmental Sensitivity is a
common trait predicting the response to negative as well as positive exposures.
However, most research to date relied on more or less proximal markers of
Environmental Sensitivity. In this paper we introduce a new questionnaire—the
Highly Sensitive Child (HSC) scale—as a promising self-report measure of
Environmental Sensitivity. After describing the development of the short 12-item
HSC scale for children and adolescents, we report on the psychometric properties of
the scale, including confirmatory factor analysis and test-retest reliability. After
considering bivariate and multivariate associations with well-established temperament
and personality traits, we apply Latent Class Analysis to test for the existence of
hypothesised sensitivity groups. Analyses are conducted across five studies featuring
four different UK-based samples ranging in age from 8-19 years and with a total
sample size of N = 3,581. Results suggest the 12-item HSC scale is a
psychometrically robust measure that performs well in both children and adolescents.
Besides being relatively independent from other common traits, the Latent Class
Analysis suggests that there are three distinct groups with different levels of
Environmental Sensitivity—low (approx. 25-35%), medium (approx. 41-47%), and
high (20-35%). Finally, we provide exploratory cut-off scores for the categorisation of
children into these different groups which may be useful for both researchers and
practitioners.
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Environmental Sensitivity in Children: Development of the Highly Sensitive Child
Scale and Identification of Sensitivity Groups

Children’s development is shaped by many factors, including various aspects
of the environment in which they grow up (e.g., child care, see Belsky, Vandell, et al.,
2007; socioeconomic status and parenting, see Bornstein & Bradley, 2014). One of
the reasons for the often significant impact environmental factors have on
developmental outcomes is children’s ability to register and process specific
characteristics of their developmental context (Pluess, 2015). This capacity for
Environmental Sensitivity enables them to respond and adapt to the challenges and
opportunities associated with particular environmental conditions. Although, at first
glance, one may expect that all children should have a similar ability to adapt to the
developmental context, given the fundamental importance of adaptation for successful
development, a large number of empirical studies suggest that children differ
substantially in Environmental Sensitivity, with some being more and some less
affected by contextual factors (Belsky & Pluess, 2009, 2013; Ellis & Boyce, 2011;
Obradovic & Boyce, 2009).

In this paper we address three empirical objectives related to the measurement
of Environmental Sensitivity in children and adolescents. First, we provide extensive
information on the development and psychometric properties of an Environmental
Sensitivity self-report measure, the child version of the Highly Sensitive Person scale
(HSP scale; Aron & Aron, 1997). Second, we examine bivariate and multivariate
associations between this new measure of child Environmental Sensitivity and
established measures of temperament and personality. Third, we investigate the
distribution of Environmental Sensitivity in the sample population to test for the

existence of groups with different degrees of sensitivity as proposed by several
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theories and suggest exploratory cut-off scores for these different groups. These
objectives are addressed across five studies featuring four different UK-based samples
with children ranging in age from 8-19 years and a total sample size of N = 3,581.
Individual Differences in Environmental Sensitivity

Environmental Sensitivity, defined as the ability to register and process
external stimuli (Pluess, 2015), is one of the most basic individual characteristics and
observable across most species. Without this ability, an organism would not be able to
perceive, evaluate, and respond to various environmental conditions, whether these
are of physical or psychosocial nature, and whether they are negative or positive (i.e.,
whether they threaten or promote the development, survival, and reproductive success
of the individual). Although adaptation is relevant for all people, empirical studies
suggest that individuals differ substantially in their degree of Environmental
Sensitivity (for review, see Belsky & Pluess, 2009, 2013) with more and less sensitive
types coexisting in the same population (Wolf, van Doorn, & Weissing, 2008).
Differences in how people approach, respond and interact with their immediate
environment are also reflected in concepts of temperament and personality. Although
the various temperament theories differ significantly from each other, one thing they
seem to have in common is that they all suggest that some individuals appear more
reactive to contextual factors than others, with more environmentally sensitive
individuals described as, for example, inhibited/reactive (Kagan, 1989). A growing
number of empirical studies provide evidence that temperament traits do indeed
predict differences in Environmental Sensitivity (for a meta-analysis, see Slagt,
Dubas, Dekovic, & van Aken, 2016). For example, Pluess and Belsky (2010) found
that infant temperament rated by mothers when children were 6 months old predicted

children’s sensitivity to the parenting quality they experienced during the first 4.5
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years of life. Children with a more difficult temperament were both more negatively
affected by low parenting quality and more positively by high parenting quality vis-a-
vis teacher-rated social skills at age 11 years compared to children with a less difficult
temperament (for a reanalysis applying more stringent methodology, see Roisman et
al., 2012). Similarly, Kim and Kochanska (2012) reported that negative emotionality
assessed at 7 months was associated with increased sensitivity to both low and high
mother-child mutuality at 15 months regarding the development of self-regulation at
25 months. More negatively emotional infants had the lowest self-regulation when
mother-child mutuality was low and the highest self-regulation when mutuality was
high whereas low negatively emotional children were generally less affected by
differences in mother-child mutuality. Although a large number of studies suggest that
difficult temperament is associated with heightened sensitivity to the environment, it
is important to acknowledge that it remains to be determined which component of the
typically multidimensional concept of “Difficult Temperament” reflects such
sensitivity. Furthermore, “Difficult Temperament” is often assessed with different
measures, which makes comparison between studies challenging. However, according
to a recent meta-analysis of temperament-parenting interactions, it may be negative
emotionality, rather than surgency or effortful control, that predicts sensitivity to
parenting (Slagt et al., 2016).

Several of the Big Five personality traits have also been shown to reflect
individual differences in Environmental Sensitivity. For example, low extraversion—
or introversion—has been associated with higher sensitivity to both high and low
parental over-reactivity in the prediction of aggression in adolescence (De Haan,
Prinzie, & Dekovi¢, 2010). Not surprisingly, childhood neuroticism—or

irritability/negative emotionality—nhas repeatedly been shown to increase the response
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to environmental influences, albeit mostly negative ones, including exposure to
violence in adolescence (Ho et al., 2013) and stressful life events in adulthood (van
Os & Jones, 1999). Finally, openness to experiences, has recently been associated
with increased parental environmental sensitivity to both low and high perceived
social support (Slagt, Dubas, Denissen, Dekovi¢, & van Aken, 2015).

Gray’s (1981, 1982) personality theory which originally proposed that
individual differences in response to reward and punishment are driven by two
distinct biological systems can also be considered from a perspective of
Environmental Sensitivity: While the Behavioural Inhibition System (BIS) captures
sensitivity to threatening stimuli, the Behavioural Activation System (BAS) describes
sensitivity to rewarding (i.e. positive) experiences®. Several experimental studies
provide evidence that BIS and BAS do indeed predict specific sensitivity to either
negative or positive environmental influences. For example, BIS has been found to
predict the negative emotional response to unpleasantly loud noises (Heponiemi,
Keltikangas-Jarvinen, Puttonen, & Ravaja, 2003) and higher negative reactivity to
negative life events (Gable, Reis, & Elliot, 2000). BAS, on the other hand, has been
associated with positive emotional responsivity to anticipated monetary reward
(Carver & White, 1994) as well as stronger brain activation in response to appetitive
food pictures (Beaver et al., 2006).

Concepts for Individual Differences in Environmental Sensitivity

! It is important to acknowledge that Gray revised his original theory (see McNaughton & Gray, 2000).
In brief, BIS is now thought to produce alert interest and a pause in activity that allows for the
processing of conflicting information, a balancing of or negotiation between the urge to approach and
satisfy needs (i.e., BAS), and the urge to stop and consider risks, costs, or how best to make use of an
opportunity. In the case of threat, a third strategy of fight, flight, or freeze is suggested. However,
popular measures of BIS-BAS (i.e., Carver & White, 1994) have been developed earlier and do not
reflect that conceptual change.
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There are several theoretical frameworks for variability in Environmental
Sensitivity that have emerged since the mid to late 1990s with the three most
prominent being Sensory-Processing Sensitivity (Aron & Aron, 1997; Aron, Aron, &
Jagiellowicz, 2012), Differential Susceptibility Theory (Belsky, 1997b, 2005; Belsky,
Bakermans-Kranenburg, & van IJzendoorn, 2007; Belsky & Pluess, 2009, 2013), and
Biological Sensitivity to Context (Boyce & Ellis, 2005; Ellis & Boyce, 2008). Each of
the three concepts provides unique and important theoretical insights regarding
individual differences in general Environmental Sensitivity—discussed in more detail
elsewhere (Ellis, Boyce, Belsky, Bakermans-Kranenburg, & van 1Jzendoorn, 2011;
Pluess, 2015). However, the significant and distinctive contribution shared across all
three frameworks is the notion that sensitive individuals differ not only in their
response to environmental adversity (e.g., child maltreatment, stressful life events,
poverty etc.)—as the traditional Diathesis-Stress model would imply—>but also in
response to positive supportive aspects of the environment (e.g., sensitive parenting,
social support etc.). This new aspect of variability in sensitivity to positive
experiences has recently been extracted from the more general models of
Environmental Sensitivity and further developed into the framework of Vantage
Sensitivity (Pluess, 2017; Pluess & Belsky, 2013). According to the concept of
Vantage Sensitivity, people differ fundamentally in their response to positive
environmental influences and exposures as a function of inherent characteristics with
some being more sensitive and some being more resistant to the beneficial effects of
positive experiences, including psychological interventions (e.g., Albert et al., 2015).

Recently, these different concepts have been integrated into an overarching
meta-framework of Environmental Sensitivity (see Figure 1 for an illustration)

according to which people differ in their sensitivity to environmental influences with
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some being more and some less affected by negative and/or positive exposures
(Pluess, 2015).
Measuring Environmental Sensitivity

Most evidence for individual differences in Environmental Sensitivity is based
on research reporting cross-over interactions between some contextual measure (e.g.,
parenting quality) and a wide range of individual traits that can be categorised into
genetic (e.g., 5-HTTLPR; van 1Jzendoorn, Belsky, & Bakermans-Kranenburg, 2012),
physiological (e.g., cortisol reactivity; Obradovic, Bush, Stamperdahl, Adler, &
Boyce, 2010) and behavioural/psychological sensitivity factors (e.g., negative
emotionality; Kim & Kochanska, 2012) in the prediction of some behavioural
outcome measure (e.g., social skills). Although these sensitivity factors may represent
important markers of Environmental Sensitivity at different levels of analysis—some
more proximal than others—none of them describe and capture the hypothesised
phenotypic trait of Environmental Sensitivity directly. In fact, to our knowledge
explicit phenotypic measures of Environmental Sensitivity are currently not available
with the exception of the Highly Sensitive Person scale (Aron & Aron, 1997), a 27-
item questionnaire designed to measure Sensory Processing Sensitivity in adults (but
some measures may capture important aspects of Environmental Sensitivity, for
example Orienting Sensitivity measured with the Adult Temperament Questionnaire,
see Evans & Rothbart, 2007, 2008). According to Aron (1996; Aron & Aron, 1997)
Sensory Processing Sensitivity (SPS) is a relatively stable personality trait that reflects
an individual’s sensitivity to environmental influences and manifests itself in (a)
greater awareness of sensory stimulation, (b) behavioural inhibition as described by
McNaughton and Gray (2000) rather than Carver and White (1994) or Gray’s earlier

theory (1981, 1982), (c) deeper cognitive processing of environmental stimuli, and (d)
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higher emotional and physiological reactivity (for an extensive review, see Aron et al.,
2012). The Highly Sensitive Person scale (HSP scale; Aron & Aron, 1997) aims at
capturing these cognitive and behavioural components of sensitivity and appears to
succeed at doing so, most notably in fMRI studies reporting deeper or more elaborate
cognitive processing in individuals with higher HSP scores (Acevedo et al., 2014,
Jagiellowicz et al., 2011), as well as behavioural studies. For example, Aron, Aron,
and Davies (2005) were able to demonstrate consistent associations between HSP
scores and heightened sensitivity to contextual factors in a series of studies, including
an experimental one in which undergraduates completed a cognitive task. Students
were randomly assigned to a situation that either implied they were doing much better
or much worse than the peers sitting around them. Participants with high scores on the
HSP Scale reported more negative affect than others after the task if they were led to
believe they had done worse than others, but the least negative affect in the condition
where they were led to believe they had done better. Those scoring low, on the other
hand, did not differ significantly in negative affect regardless of condition, suggesting
they were generally less affected by the experimental manipulation. More recently,
Booth, Standage, and Fox (2015) tested in a cross-sectional study whether SPS
assessed with the HSP Scale in adulthood moderated the effects of retrospectively
reported childhood experiences on adult life satisfaction. A significant interaction
emerged suggesting that those scoring high were more negatively affected by negative
childhood experiences than those scoring low.

In contrast to other common personality traits, SPS has been suggested to
follow a dichotomous rather than a normal distribution with about 20% of the general
population falling into a highly sensitive category and about 80% into a less sensitive

category (Aron et al., 2012; for an unpublished taxometric analysis of the HSP scale,
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see Borries, 2012). Interestingly, the proposition that a minority of the population is
more sensitive to environmental influences is consistent with empirical findings on
the distribution of temperament traits found to reflect heightened environmental
sensitivity to both negative and positive aspects of the early environment. For
example, a taxometric analysis of the distribution of Infant Reactivity or Behavioural
Inhibition (Kagan, Reznick, & Snidman, 1987) suggested that such reactivity is
distributed categorically rather than continuously, with about 10% of children being
characterised with especially high reactivity (Woodward, Lenzenweger, Kagan,
Snidman, & Arcus, 2000). Intriguingly, several of the candidate gene variants that
have been repeatedly associated with increased environmental sensitivity to negative
as well as positive exposures (Belsky et al., 2009; Belsky & Pluess, 2009, 2013) have
a comparable frequency. For example, 18.4% of a large Dutch sample were
homozygous for the 5-HTTLPR short allele (Pluess et al., 2011) which has been
associated with increased sensitivity to both negative and positive influences (van
IJzendoorn et al., 2012). The proposition that there might be two distinctive sensitivity
patterns has been described in the popular Orchid-Dandelion metaphor (Ellis &
Boyce, 2011) according to which Orchids represent the minority in the population
who are generally more sensitive (i.e., they do exceptionally well in ideal conditions
and exceptionally badly in poor ones) and Dandelions the majority who are generally
less sensitive to environmental quality (i.e., they are resilient and can grow
anywhere). However, although widely observed individual differences in
environmental sensitivity may reflect the existence of different sensitivity groups with
high sensitivity characterising a minority of the general population, this hypothesis

has not been tested empirically in children yet.



Environmental Sensitivity 13

Although Aron and Aron (1997) originally hypothesised that the 27 items of
the HSP scale would reflect a single factor of environmental sensitivity, other studies
have found that a three factor structure was a better fit for the data (Smolewska,
McCabe, & Woody, 2006). The three factors that typically emerge are (a) Aesthetic
Sensitivity (AES), capturing aesthetic awareness (e.g., being deeply moved by arts and
music); (b) Low Sensory Threshold (LST), which reflects unpleasant sensory arousal
to external stimuli (e.g., reaction to bright lights and loud noises); and (c) Ease of
Excitation (EOE) which refers to being easily overwhelmed by external and internal
demands (e.g., negative response to having a lot going on, to being hungry).
Smolewska et al. (2006) investigated correlations between the HSP scale and
personality measures in adults, including the Big Five personality traits and BIS/BAS
scales by Carver and White (1994), and found that the HSP total score was
significantly and positively correlated with neuroticism (r = .45) and openness (r =
.19), as well as both BIS (r = .32) and BAS (r = .16 for the reward-responsiveness
subscale). When investigating associations with the three HSP subscales, they found
that while neuroticism and BIS were correlated with all three factors, openness had a
significant association only with Aesthetic Sensitivity (r =.37), Low Sensory
Thresholds with lower extraversion (r = -.12), and Ease of Excitation and AES with
the BAS Reward-Responsiveness scale (r = .19 and r = .18, respectively) (for similar
findings, see Gerstenberg, 2012). At first sight this correlation pattern appears to
suggest that Aesthetic Sensitivity may reflect environmental sensitivity to more
positive experiences, whereas Ease of Excitation and Low Sensory Thresholds reflect
sensitivity to more negative experiences. Important to note is also that the three
subscales tend to be correlated with each other, suggesting that there may exist a

general sensitivity factor (Lionetti et al., submitted).



Environmental Sensitivity 14

In summary, the HSP scale represents a promising self-report measure of
environmental sensitivity in adults. However, there are currently no self-report
versions of the scale for use with children and adolescents (but for the first evaluation
of a parent-rated child scale, see Boterberg & Warreyn, 2016). In this paper we
address this gap, across five studies, presenting a new brief child version of the HSP
scale and investigating associations with common personality and temperament
variables as well as testing for the existence of different sensitivity classes. More
specifically, in Study 1 we describe the creation of a 12-item child HSP scale drawing
on a pool of 38 child sensitivity items in a sample of 12-year old children. In Study 2,
we test the psychometric properties of the new 12-item scale in an independent
sample of 11-year olds. In Study 3 we report test-retest reliability of the 12-item scale
in a different sample of 10-year old children. In Study 4 we apply the same scale to a
large sample of adolescents at age 17 years. Finally, in Study 5, we report findings of
latent class analyses across the different samples in order to test for the existence of
hypothesised sensitivity groups in childhood and adolescence and provide exploratory
cut-off scores that can be used to approximately categorise children and adolescents
into the identified sensitivity groups.

Study 1

The main objective of Study 1 was to create a short and psychometrically
robust Highly Sensitive Child (HSC) scale drawing on 38 existing sensitivity items for
children, which have been adapted from the 27 items included in the adult HSP scale.
Besides being brief and psychometrically sound, the self-report measure should be
suitable for children and adolescents and reflect the same factor structure as the adult

version. Once the HSC scale was created, it was then tested for its psychometric
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properties as well as for its associations with related constructs of behavioural
inhibition and activation, temperament, and affect.
Methods

Participants. The sample included 334 children (251 girls and 83 boys) with a
mean age of 12.06 years (range = 11-14 years; SD = 0.67) recruited from two
secondary schools in East London, United Kingdom (one of the school was a girls-
only school which explains the higher proportion of girls in this particular sample) .
The sample was ethnically diverse with 55.4% of Asian, 15.9% of African/Caribbean,
8.1% of White/European, 2.1% of Middle Eastern, and 18.6% of mixed ethnicity.

Procedure and Development of Scale. Children were asked to complete all
questionnaires on a computer at school during class. In order to create a short and
psychometrically robust HSC scale that is comparable in content and structure to the
adult scale, the factor structure of the adult scale was consulted. As reported by
Smolewska et al. (2006) a three factor structure seemed to fit the data collected with
the adult HSP scale best with 12 items loading on the factor “Ease of Excitation”, 7
items on “Aesthetic Sensitivity”, and 6 items on “Low Sensory Threshold” (two items
did not load clearly on any of the three factors and were excluded). In order to create a
HSC scale that is comparable to the HSP scale, we first selected among the remaining
25 HSP items from Smolewska et al.’s (2006) factor analysis those that (a) had a
factor loading of >.5 and (b) could be easily adjusted for the use with children.
Twelve items met these criteria. Then, we conducted a Principal Component Analysis
(PCA), constrained to three components (given that the HSP scale reflects three
factors) across a pool of 38 sensitivity items for children (HSC-38, provided in
supplementary information) that have been developed based on the 27 HSP items for

adults, in order to test whether the HSC items would reflect similar factor loadings as
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the corresponding adult HSP items as reported by Smolewska et al. (2006). The final
12-item HSC scale included 5 Ease of Excitation items, 4 Aesthetic Sensitivity items,
and 3 Low Sensory Thresholds items (see Table 1 for a list of the specific items).

Measures. Children completed 38 items from an unpublished sensitivity scale
(HSC-38, see supplementary information), which has been developed initially to
measure Sensory-Processing Sensitivity in Dutch school-aged children (Walda, 2007).
The 38 items aim at capturing the same information as the adult HSP scale (Aron &
Aron, 1997). Items such as “When someone is sad, that makes me feel sad too”, “I
find it unpleasant to have a lot going on at once”, and “When | am hungry, | getin a
bad mood” were rated by children on a scale from 1 = “not at all”, to 7 = “extremely”,
with higher scores indicating higher levels of sensitivity. The internal reliability of the
38 items was good with Cronbach’s o = .92.

Behavioural inhibition and activation was measured with the 24-item
Behavioural Inhibition and Behavioural Activation Scales (BIS-BAS; Carver &
White, 1994). The Behavioural Inhibition Scale (BIS) is based on 7 items (e.g.,
“Criticism or scolding hurts me quite a bit”, “I/ worry about making mistakes”)
whereas the Behavioural Activation Scale (BAS) features three subscales (i.e.
“Reward Responsiveness”, “Drive”, and “Fun Seeking”). For the current study, all 17
BAS items (e.g., “It would excite me to win a contest”, “I'm always willing to try
something new if I think it will be fun”) were pooled into one scale. BIS-BAS items
are rated on a Likert scale ranging from 1 = “very false” to 4 = “very true”. Higher
scores indicate higher levels of behavioural inhibition (BIS) and activation (BAS). In
the current sample the internal reliability of BIS and BAS were a = .80 and a = .91,
respectively.

Temperament was measured with the 65-item Early Adolescent Temperament
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Questionnaire-Revised (EATQR; Capaldi & Rothbart, 1992) which assesses 12
aspects of temperament (i.e. Activation Control, Affiliation, Attention, Fear,
Frustration, High-Intensity Pleasure, Inhibitory Control, Perceptual Sensitivity,
Pleasure Sensitivity, Depressive Moods, Aggression, and Shyness). Items (e.g., “I feel
shy about meeting new people”, “I feel pretty happy most of the day”, “When I am
angry, 1 throw or break things”) are rated on a 5-point Likert scale, ranging from 1 =
“almost always untrue of you”, to 5 = “almost always true of you”. For the current
study, we combined these subscales—as recommended by others (Putnam, Ellis, &
Rothbart, 2001; Snyder et al., 2015)—into three superordinate dimensions of
temperament: (a) Effortful Control (EC; based on Attention, Activation Control, and
Inhibitory Control), (b) Negative Emotionality (NE; based on Fear, Frustration and
Shyness), and (c) Positive Emotionality (PE; based on Surgency, Pleasure Sensitivity,
Perceptual Sensitivity and Affiliation). Higher scores on each subscale indicate higher
levels on that temperament dimension. The internal consistency of the scales were
acceptable with a = .86 for EC, o = .69 for NE, and o = .84 for PE.

Positive and negative affect were measured with the child version of the
Positive and Negative Affect Scales (PANAS; Laurent et al., 1999). The Positive
Affect (PA) scale includes 12 items (e.g., “Interested”, “Excited”) and the Negative
Affect (NA) scale 15 items (e.g., “Upset”, “Guilty”’). All items are rated on Likert
scale, ranging from 1 = “not at all” to 5 = “almost every day”. Higher scores indicate
higher state levels of positive or negative affect. The internal consistency of the
PANAS was good with o = .92 for PA and o = .93 for NA.

Data Analysis. In order to create the HSC scale, we conducted Principle
Component Analyses (PCA) on the 38 sensitivity items (applying Varimax rotation

with Kaiser normalization). For the first PCA the number of components was defined
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by Eigen values >.1 and in a second analysis we constrained the model to three
components, informed by the 3-factor structure of the adult HSP scale (Smolewska et
al., 2006). We then selected 12 items, out of the 38 items, that were most similar to
the highest loading items of the adult HSP scale as reported by Smolewska et al.
(2006). The PCA was then repeated with the 12 selected items in order to verify
whether items would load on the specific component they had been selected for. Next,
we applied Confirmatory Factor Analyses (CFA) to the 12-item scale in order to test
two competitive models (see Figure 2 for an illustration of the difference between the
two models): (a) a 3-factor model with five items in factor 1 (Ease of Excitation), four
items in factor 2 (Aesthetic Sensitivity) and three items in factor 3 (Low Sensitivity
Threshold); and (b) a bi-factor model which includes a shared general factor in
addition to the three separate factors based on recent findings which suggest that the
adult HSP scale fits a bi-factor model better than a 3-factor model (Lionetti et al.,
submitted). In order to test the bi-factor model, one of the factor loadings in the
general factor and one of the loadings in each of the domain specific factors were set
to 1 (F. F. Chen, West, & Sousa, 2006). The robust maximum likelihood was used as
estimation method. Two relative fit indices were considered for the evaluation of
goodness of fit for each model: the Tucker Lewis index (TLI) and the comparative fit
index (CFI), both of which perform well with small and large samples (the ¥ statistic
is extremely sensitive to sample size and not well suited for the current analysis). CFI
and TLI values of > .95 and > .97, respectively, were considered as acceptable and
good fit (Schermelleh-Engel, Moosbrugger, & Miuller, 2003). The root mean square
error of approximation (RMSEA) and the standardized root mean square residuals
(SRMR) were also used. For RMSEA, values < .05 were considered as a good fit and

values ranging from .05 and .08 as an adequate fit. For SRMR, values less than .08
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were considered to reflect good fit (Schermelleh-Engel et al., 2003). The 3-factor and
bi-factor models were compared according to three criteria: (a) qualitative evaluation
of the fit indices of each model; (b) the CFI criterion according to which the null
hypothesis of no differences between the two competing models should not be
rejected if the difference in the CFIs between two nested models is smaller than |0.01]
(Cheung & Rensvold, 2002); and (c) the scaled * difference test according to which
the null hypothesis (i.e. no differences between the two competing models) should not
be rejected if the associated p value is greater than .05 (Satorra, 2000) with lower
reflecting better model fit.

Internal reliability of the HSC scale was measured with Cronbach’s a. A one-
way ANOVA was conducted to test for ethnic differences in HSC and an independent
samples t-test to investigate gender differences. We then tested bivariate correlations
between the mean of the 38 child sensitivity items, the mean of our newly created 12-
item HSC scale and its subscales as well as behavioural inhibition and activation,
temperament, and affect. Furthermore, we ran multivariate regression models to
investigate convergent validity and to estimate how much of the variance in HSC was
explained by related measures, including all HSC scales simultaneously as dependent
variables in the same model and thus taking the interdependence among variables into
account. Finally, we tested divergent validity of the HSC scale with the heterotrait-
monotrait (HTMT) ratio of correlations (Henseler, Ringle, & Sarstedt, 2015). The
HTMT ratio represents the average of the correlations of items across different
constructs (e.g. HSC, BIS, PA etc.) relative to the average of the correlations of items
within the same construct (e.g., the 12 HSC items). HTMT ratio values that are equal

or lower than .85 indicate that divergent validity is met.
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The level of significance for all analyses was set at o = .05. Analyses were
conducted using R software and related packages (Rosseels, 2016; semTools
Contributors, 2016). All other analyses were conducted with SPSS version 20
(IBMCorp., 2011).

Results

Principal Component and Confirmatory Factor Analyses. Principal
component analysis (PCA) of the HSC-38 resulted in nine principle components that
accounted for 61% of the cumulative variance. However, the scree plot pointed
towards a three-component solution. After constraining the PCA to three principle
components, 40% of the variance was explained (see supplementary information for
detailed results). PCA of the 12 selected items suggested that the three principle
components explained 55% of the cumulative variance. Table 1 shows the 12 selected
items and their loadings on the three principal components, reflecting the same three
factors as reported with the adult HSP scale (Smolewska et al., 2006).

The Confirmatory Factor Analysis (CFA) of the 3-factor model showed
acceptable model fit with x> = 106.84, df = 51, p <. 001; RMSEA=.06, 90% [C.I = .05,
.08]; CFI/TLI =.907/.880; SRMR = .06. Similar model fit indices emerged for the bi-
factor model (x* = 94.804, df = 46, p < .001; RMSEA = .06, 90%, Cls [.05, .08];
CFI/TLI =.919/.884 SRMR = .06). However, although the two models showed
comparable fit indices the CFI difference (CFI [DIFF] = .012) and the scaled y?
difference (;° [DIFF] = 11.8, df = 5, p = .04) between them suggests that the bi-factor
model is the better fitting solution (more details of these analyses are provided in the
supplementary information document).

Descriptive Statistics and Internal Reliability. Table 2 shows the mean values

and standard deviations for the mean of the 38 child sensitivity items (HSC-38), the
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HSC total scale, the three HSC factors (Ease of Excitation, Aesthetic Sensitivity, and
Low Sensory Thresholds), and all other measures used in this study. The HSC scale
showed adequate internal consistency with o =.79, 90% CIs [.75, .82]. HSC subscales
showed acceptable but lower internal consistency which was to be expected
considering the low item numbers in each subscale with a = .71, CIs [.65, .76] for
Ease of Excitation, a =.73, ClIs [67-78] for Aesthetic Sensitivity, and a = .66, Cls
[.58, .72] for Low Sensory Thresholds. There were no significant differences in HSC
as a function of ethnicity (F 1) = 1.21, p = .45). A small gender difference was
observed, with females (M = 4.41, SD = .93) scoring significantly higher than males
(M = 4.07, SD = 1.08) with t (23) = -2.55, p < .05.

Bivariate Correlations. Bivariate associations between all variables are
reported in Table 3. Most importantly, the mean of thel2-item HSC scale is highly
correlated with the mean of the 38 child HSP items (r = .93). BIS and BAS are
correlated with HSC and the three subscales except for Low Sensory Thresholds
which was not associated with BAS. Regarding temperament, Effortful Control,
Negative and Positive Emotionality were correlated with HSC and all subscales
except for Low Sensory Thresholds, which was not correlated with Positive
Emotionality. Finally, Positive Affect was positively correlated with Aesthetic
Sensitivity (r = .41) and Negative Affect with Ease of Excitation (r = .16) and Low
Sensory Thresholds (r = .13). (Bivariate correlations between the EQTAR subscales
and HSC are provided in supplementary information).

Multivariate Regression. The first model, which included BIS, BAS, EC, PE,
NE, PA, and NA as predictor variables of HSC explained 34% of the variance. The
second model with the three subscales as outcomes explained 30% of the variance of

Ease of Excitation, 35% of Aesthetic Sensitivity, and 17% of Low Sensory
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Thresholds. Standardized parameter estimates and associated p-values are reported in
Table 4.

Divergent Validity. Heterotrait-monotrait (HTMT) ratio of correlations values
for each pair of measures ranged from .14 for Ease of Excitation-PA to .67 for Ease of
Excitation-BIS, suggesting that divergent validity was established. Furthermore,
associations among the HSC total score and subscales Ease of Excitation, Low
Sensory Thresholds and Aesthetic Sensitivity were consistently higher than
associations between HSC and other measures (detailed HTMT results are provided in
the supplementary information document).

Discussion

According to Study 1, the mean of the 12-item Highly Sensitive Child scale
was strongly associated with the mean of the 38 child sensitivity items but reflected
the identical 3-factor structure as the adult scale. Importantly, the confirmatory factor
analyses suggested that although the measure consists of three distinct subscales,
these subscales also load on a general factor of sensitivity. Hence, the total mean
score of the scale can be used to indicate Environmental Sensitivity even though the
three subscales appear to capture different components of sensitivity. For example,
Aesthetic Sensitivity seems to capture sensitivity to more positive aspect of the
environment, indicated by correlations with the behavioural activation system (BAS)
and positive emotionality and affect, whereas Ease of Excitation and Low Sensory
Thresholds tend to reflect sensitivity to more negative contextual factors, as shown in
correlations with the behavioural inhibition system (BIS) as well as negative
emotionality and affect. This may also explain why the total score was associated with
both negative and positive emotionality. Finally, multivariate regression analyses

provided evidence that Environmental Sensitivity as measured with the HSC scale
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does not simply reflect effects of well-known temperament traits and affect. Divergent
validity was further supported by heterotrait-monotrait ratio of correlations analysis.
Study 2

In order to replicate the findings of Study 1, the same psychometric properties
and associations with temperament, behavioural inhibition and activation were
investigated in an independent sample.
Methods

Participants. The sample included 258 children (113 girls and 145 boys) from
a secondary school in East London, United Kingdom. Children were on average 11.17
years old (range = 11-12 years, SD = .38) and were of ethnically diverse backgrounds:
White (20.9%), African/Caribbean (20.2%), Asian (34.9%), Middle Eastern (4%) and
mixed-ethnicity (23.3%).

Procedure and Measures. Children completed all measures on a computer
during regular class at school. In order to measure Environmental Sensitivity, the 12-
item HSC was used rather than the 38 child sensitivity items. In addition, children
also reported on behaviour inhibition and activation with the BIS-BAS (Carver &
White, 1994) and on temperament with the EATQR (Capaldi & Rothbart, 1992).
Measures were used exactly the same way as described in Study 1. However, positive
and negative affect (PANAS) were not measured in this sample.

Data Analysis. The same methods and statistical analyses were applied as
described in detail in Study 1.
Results

Confirmatory Factor Analysis. The confirmatory factor analysis on the 12
items showed good model fit for the 3-factor model (x* = 63.019, df = 51, p = .12;

RMSEA = .03, 90% Cls [.00, .05]; CFI/TLI = .968/.959; SRMR = .05). For the bi-
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factor model, the negative variance of one statistically non-significant Ease of
Excitation item was fixed to O (F. F. Chen et al., 2006). The results of the bi-factor
model were satisfactory: y* = 48.73, df = 46, p = .48; RMSEA = .01, 90% Cls [.00,
.04]; CFI/TLI = .995/.994; SRMR = .04. The 3-factor and bi-factor models showed
comparable fit indices with slightly stronger support for the bi-factor model. The CFI
difference was significant and equal to .027—confirmed by a significant scaled x>
difference (y? [DIFF] = 13.1, df = 4, p = .01)—and, thus, supporting the use of both
the HSC total score as well as the individual Ease of Excitation, Aesthetic Sensitivity
and Low Sensory Thresholds subscales.

Descriptive Statistics and Internal Reliability. Table 2 shows the mean scores
and standard deviations for HSC, the three HSC subscales and all other measures used
in this sample. The HSC scale showed acceptable internal consistency with a
Cronbach’s a of .72, 90% Cls [.66, .77] while the HSC subscales had slightly lower
internal consistencies with a = .66, 90% Cls [.59, .72] for Ease of Excitation, o = .62,
90% Cls [.54, .69] for Aesthetic Sensitivity, and a. = .63, CIs [.54, .70] for Low
Sensory Thresholds. Consistent with Study 1 there were no significant differences in
HSC as function of ethnicity (Fus) = 1.27, p = .13) but the gender difference was only
marginally significant (tps) =-1.93, p =.06).

Bivariate Correlations. Similar to Study 1, all HSC scales were positively
correlated with both BIS and BAS except for Low Sensory Thresholds which was not
associated with BAS (see Table 5). The strongest associations with BIS/BAS emerged
between Ease of Excitation and BIS, and between Aesthetic Sensitivity and the BAS
(r =.29 and r = .35, respectively). Regarding temperament, Effortful Control,
Negative and Positive Emotionality were associated with all HSC scales. However,

the correlation between Ease of Excitation and Negative Emotionality and between
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Aesthetic Sensitivity and Positive Emotionality stood out (r = .49 and r = .50,
respectively). (Bivariate correlations between the EQTAR subscales and HSC are
provided in supplementary information).

Multivariate Regression. The multivariate regression models included BIS,
BAS, EC, PE and NE as predictor variables of HSC and subscales. The model
predicting HSC explained 26% of the variance and the model predicting the subscales
explained 26% of the variance of Ease of Excitation, 26% of Aesthetic Sensitivity,
and 15% of Low Sensory Thresholds (see Table 6).

Divergent Validity. HTMT values for each pair of constructs ranged from .12
for Low Sensory Thresholds-BAS to .71 for Aesthetic Sensitivity-PE and, hence,
confirm divergent validity. Associations between the HSC total score and its
subscales were consistently higher than association with the other measures (see
supplementary information document for HTMT results).

Discussion

The findings of Study 2 confirm the bi-factor structure of the HSC measure,
suggesting that the total scale reflects three components whose items also load on a
general sensitivity factor. The bivariate correlations provide further suggestive
evidence that Aesthetic Sensitivity may reflect sensitivity to more positive
environmental aspects, whereas Ease of Excitation (and Low Sensory Thresholds)
seems to capture sensitivity to more negative contextual factors (with the total HSC
score correlating again with both negative and positive emotionality, see discussion in
Study 1). According to the regression results the different temperament traits fail to
account for the majority of the variance of HSC, suggesting that Environmental
Sensitivity is not fully explained or captured by existing concepts as confirmed in the

heterotrait-monotrait ratio of correlations findings.
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Study 3

Study 3 aimed at investigating test-retest reliability of the created 12-item
HSC measure in an independent child sample.

Methods

Participants. Data for this study were obtained from the Pictures and Words
Study (PAWS). PAWS is a longitudinal study of information processing and mood
featuring a sample of 155 children (Brown et al., 2014). Data were collected across
three data waves with children recruited from two primary schools in London. For the
current study, data were collected during the third wave resulting in a sample of 104
children (59 girls and 45 boys) at age 9.82 years (range = 8-11 years, SD = .45).
Eighty-one percent of the sample identified as white.

Procedure and Measures. The original study included several psychological
measures of information processing and mood. For the current study, only data from
the 12-item HSC scale collected at the third wave of data collection were used. The
third wave of data collection comprised of two data collection sessions scheduled to
take place approximately two-three weeks apart (mean interval = 15 days, range 9-22
days, SD = 2.46). Children were seen individually in a quiet classroom and completed
a computerised version of the HSC scale at both sessions (via EPrime 2.0) with
responses made using the computer keyboard. Items were presented onscreen but also

read aloud to ensure comprehension.
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Data Analysis. Internal reliability of the 12-item HSC scale was examined
with Cronbach’s o and test-retest reliability was calculated by correlating scores for
HSC and the three subscales from session 1 with scores of repeated measurement at
session 2. A test-retest reliability of .70 or higher was considered adequate (McCrae,
Kurtz, Yamagata, & Terraciano, 2011).

Results

Descriptive Statistics and Internal Reliability. Mean scores and standard
deviations for the HSC sum score and the three subscales are provided in Table 2,
separately for each of the two data collection sessions. The HSC scale showed
acceptable internal consistency with o = .71 and .74 for session 1 and session 2,
respectively. The subscales showed lower internal consistency with a =.73/.69 for
Ease of Excitation, a. = .49/.46 for Aesthetic Sensitivity, and o = .49/.55 for Low
Sensory Thresholds.

Test-Retest Reliability. Test-retest reliability estimates for the HSC score (r =
.68) and the subscales (r = .57-.78) are presented in Table 7 and were acceptable.
Furthermore, estimates remained stable when the interval between data collection
sessions was partialled out.

Discussion

Findings of Study 3 confirm the internal consistency found in Studies 1 and 2
and suggest that test-retest reliability of the HSC scale is acceptable in a sample of
children whose ages range from 8-11 years. Although there is substantial stability
across measurements, mean scores do show some variability over time, which
suggests that the measure may pick up measurement error or short-term changes in
self-reported sensitivity. It is conceivable that stability would be higher at older age,

which remains to be tested.
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Study 4

In Study 4 the performance of the developed 12-item HSC scale was tested in
a large sample of adolescents followed by exploring associations with the Big Five
personality traits.
Methods

Participants. Data for Study 4 were obtained from a subset of the Twins Early
Development Study (TEDS), a large epidemiological study of over 16,000 twin pairs
born in England and Wales in 1994, 1995, and 1996. TEDS includes extensive data on
various aspects of development, including cognitive abilities, personality, behaviour,
educational achievement and family environment, collected at regular intervals from a
sample that is representative of the UK population (Kovas et al., 2007). Data and
recruitment procedures are reported in detail elsewhere (Haworth, Davis, & Plomin,
2013). Data on the 12-item HSC scale was collected for 2,945 individuals when twins
were approximately 17 years old. Data on the Big-Five personality was available for a
subset of the same sample (1,174 individuals). Participants with severe medical
disorders, history of perinatal complications, or unknown zygosity were excluded
from the analyses (n = 77). Furthermore, only data from one sibling per twin pair was
included (random selection) in order to account for relatedness between individuals in
this particular sample. The final HSC sample included 1,431 adolescents (595 males,
836 females), with a mean age of 17.06 (range = 15-19 years, SD = .88) on return of
the HSC questionnaires. The ethnicity of the majority (93%) of the sample was
identified as Caucasian.

Procedure and Measures. Data for the measures used in the current analysis

were obtained by self-report via online or paper questionnaires.
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Personality. Environmental Sensitivity was measured with the 12-item HSC
scale. Big-Five personality traits Agreeableness, Extraversion, Neuroticism, Openness
to Experience and Conscientiousness were measured with the 30 item Five Factor
Model Rating Form (Mullins-Sweatt, Jamerson, Samuel, Olson, & Widiger, 2006).
Items (e.q., “fearful, apprehensive versus relaxed, unconcerned, cool”, “strange, odd,
peculiar, creative versus pragmatic, rigid.”’) were rated on a Likert scale ranging from
1 ="*“low” to 5 = “high”. Higher scores indicate higher levels of the personality trait.
Internal reliability of the scale was acceptable with a = .73 for Neuroticism, o= .70
for Extraversion, a = .65 for Openness, a = .65 for Agreeableness, and o = .75 for
Conscientiousness.

Data Analysis. The factor structure (confirmatory factor analysis) and internal
reliability of the HSC scale was examined by applying the same methodological
approach as in Studies 1 and 2. Association between HSC, HSC subscales and the
Big-Five personality traits were investigated with bivariate correlations. Furthermore,
multivariate regression and heterotrait-monotrait ratio of correlations analysis were
applied to investigate divergent validity, following the same procedures adopted in
Studies 1 and 2.

Results

Confirmatory Factor Analysis. The 3-factor model (Ease of Excitation,
Aesthetic Sensitivity , Low Sensory Thresholds) yielded good model fit (= 323.88,
df =51, p <.001; RMSEA = .06, 90% Cls [.06, .07], CFI/TLI = .935/.91; SRMR =
.05). The bi-factor model also fit the data well (3* = 286.53, df = 46, p < .001, RMSEA
=.06, 90% Cls [.05, .07], CFI/TLI = 945/921, SRMR = .70). The two models showed

comparable fit indices with slightly stronger support for the bi-factor model. The CFls
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difference was trivial (equal to .01) though in the presence of a significant scaled x*
difference (y? [DIFF] = 47.2, df = 5, p < .001).

Descriptive Statistics and Internal Reliability. Mean scores and standard
deviations for HSC, the three HSC subscales, and the Big-Five personality traits are
presented in Table 2. Females (M = 4.13, SD = .96) scored significantly higher than
males (M = 3.78, SD = .92) with t(1429) = 6.81, p < .001. Internal consistency was good
for the HSC total scale (o = .82) and acceptable for the subscales (Ease of Excitation
with o = .81; Aesthetic Sensitivity with a = .65; Low Sensory Thresholds with o =
7).

Bivariate Correlations. Unadjusted associations between HSC and the Big-
Five personality traits are presented in Table 8. HSC was positively associated with
Neuroticism (r = .31) and Openness (r = .18) and negatively with Extraversion (r = -
.18) but did not correlate with Agreeableness and Conscientious. While Ease of
Excitation and Low Sensory Thresholds correlated with Neuroticism (r =.38,and r =
.22, respectively) and Extraversion (r = -.28 and r = -.22, respectively), Aesthetic
Sensitivity was not associated with Neuroticism but correlated positively with
Extraversion (r = .20), Openness (r = .25), and Conscientiousness (r = .16).

Multivariate Regression. The multivariate regression model with the five
personality traits as predictor variables explained 14% of the variance of HSC. A
second model with the HSC subscales as outcome variables explained 17% of the
variance of Ease of Excitation, 10% of Aesthetic Sensitivity, and 14% of Low
Sensory Thresholds (See Table 9 for the standardized parameter estimates).

Divergent Validity. HTMT values ranged from .12 for Low Sensory
Thresholds—Conscientiousness to .48 for Ease of Excitation-Neuroticism providing

evidence of divergent validity. Similar to the previous studies reported in this paper,
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associations among the HSC total score and subscales Ease of Excitation, Low
Sensory Thresholds and Aesthetic Sensitivity were consistently higher than
associations with other measures (detailed results are provided in the supplementary
information document).
Discussion

The 12-item HSC scale performed just as well with 15-19 year old adolescents
as with 8-12 year old children. The observation that a bi-factor model fit the data best
further confirms that the scale reflects both a general sensitivity factor and three
separate sensitivity components. Bivariate correlations also provide additional
evidence that the subscales capture different aspects of sensitivity with Aesthetic
Sensitivity reflecting Openness and to a lesser degree Conscientiousness, while Ease
of Excitation and Low Sensory Thresholds are associated with higher Neuroticism
and lower Extraversion. Future studies should investigate these correlations further by
considering associations with the different facets of the identified personality traits.
However, in the current study all five personality traits accounted for no more than
14% of the variance of HSC and the .85 HTMT criterion was always met, suggesting
that HSC is not well captured with common personality traits and that divergent
validity is established.

Study 5

The aim of Study 5 was to explore whether there exist different sensitivity
groups as suggested by theory (e.g., Aron et al., 2012; Boyce & Ellis, 2005) and
empirical studies (e.g., Wolf et al., 2008). Although Environmental Sensitivity—Ilike
many other personality traits—is a continuous and normal distributed dimension (see
supplementary information for the distribution of HSC in all the samples included in

this paper), people may fall into different sensitivity categories. For example, Boyce
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and Ellis (2005) suggested that there are two kinds of children: “Orchids”” who are
more sensitive to their environment, requiring particularly supportive contexts in
order to thrive, and “Dandelions” who are less sensitive and do well in most
environments. The general understanding is that about 20-30% of the population fall
into the highly sensitive Orchid-category and 70-80% into the less sensitive
Dandelion-category (e.g., Aron et al., 2012; Boyce & Ellis, 2005). However, this
proposition, although very popular, has not yet been tested empirically with HSC data.
In the current study we applied Latent Class Analysis—a data-driven and hypothesis-
free approach—to the combined samples of Studies 1 and 2 (children) as well as to
the sample of Study 4 (adolescents) in order to investigate, for the first time, the
existence of two or more sensitivity groups in children and adolescents. A recent
similar analysis in multiple adult samples featuring the 27-item HSP scale, yielded a
three- rather than a two-class solution with 31% of the sample population falling into
a high sensitive group, about 40% into a medium sensitive group, and the remaining
29% into a low sensitive groups (Lionetti et al., submitted). In keeping with the
Orchid-Dandelion metaphor, individuals belonging to the medium sensitive group
have been described as “Tulips”’, who are less sensitive than Orchids but more
sensitive than Dandelions.

In addition to testing for the existence of different sensitivity groups, Study 5
also aimed at exploring whether it would be possible to identify preliminary cut-off
scores that could be used to determine the specific sensitivity group individual
children and adolescents fall into based on their HSC scores.

Method
Participants. Study 5 made use of the samples used in studies 1, 2 and 4. The

samples from Studies 1 and 2 were combined into a large child sample with N = 592.
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For the adolescent sample we used the twin sample from Study 4 which included one
randomly selected sibling from each twin pair (sample A, n = 1,470). In order to
replicate findings in adolescents, we reran the same analysis on the other half of the
sample made up of the non-selected twin pair sibling (sample B, n = 1,473).

Procedures and Measures. All participants provided data on the same 12-item
HSC scale (see Study 1 for more details). These 12 items were the basis for the Latent
Class Analysis.

Data Analysis. In order to test for the existence of different sensitivity groups
we performed a series of Latent Class Analyses (LCA) on the HSC scale, testing
models with 1 to 6 classes. The optimal number of classes was determined based on
the following criteria: (a) Akaike's Information Criterion (AIC), (b) Bayesian
Information Criterion (BIC), (c) Lo-Mendell-Rubin adjusted likelihood ratio test
(LMR-A), and (d) Entropy. AIC and BIC are comparative indices, the lower the
values the better the model. The LMR-A compares the fit of the specified class
solution to a model with one fewer class. A significant p-value suggests that the
specified model provides a better fit to the data than the more parsimonious model.
Entropy refers to the confidence with which individuals can be clearly categorised
into the different classes, with values approaching 1 indicative of a clear delineation
of class membership (Nylund, Asparouhov, & Muthén, 2007). Once the optimal
number of sensitivity classes was determined, based on the criteria outlined above as
well as in consideration of theory and parsimony, we investigated the distribution and
overlap between the different sensitivity classes in order to identify exploratory cut-
off scores for children and adolescents. Sensitivity (i.e., probability of correctly
identifying all individuals that belong to a particular group) and specificity (i.e.,

probability of correctly identifying those individuals that don’t belong to the particular
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group) for these cut-off scores were estimated by comparing agreement between LCA
class membership and the categorisation based on the proposed cut-off scores. For
children, the agreement between LCA class membership and cut-off categorisation
was estimated within the same sample. For adolescents, the agreement was tested
using two samples by applying cut-offs based on the sample A LCA results in sample
B.

Latent Class Analysis was performed using Mplus version 7 (Muthén &
Muthén, 1998-2015) and programme R (Pastore, 2016) was used for visual inspection
of class distributions.

Results

Latent Class Analysis for Child Sample. Model fit indices are reported in
Table 10. The one-class model had the highest AIC and BIC values (25727.97 and
25830.56, respectively). The 2-class model had the lowest entropy (.77), but was
significantly better than the baseline model with one class according to LMR-A (p =
.02). The three-class model yielded a significant LMR-A (p <.001), entropy increased
to .85, and BIC and AIC values decreased substantially (24682.61 and 24896.35
respectively), suggesting that the three-class model fit the data significantly better
than the two-class model. Models with four, five or six classes were explored but all
rejected because none of them had a significantly better fit than the three-class model.

According to the best fitting three-class LCA model, 24.67% of children
belong to a low sensitive group, 41.24% of children to a medium sensitive group, and
34.08% to a high sensitive group. Means and standard deviations of HSC and
subscales for each of the three groups are reported in Table 11.

Latent Class Analysis with Adolescent Sample. Results of the different

models are reported in Table 10. For sample A (same as in Study 4) the one-class
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model yielded the highest AIC and BIC values (67497.81 and 67157.04, respectively).
The two-class model had a better fit to data when compared to the one-class model,
but it was the three-class model that fitted data best, presenting lower AIC and BIC
scores compared to the two-class model. LMR-A results also confirmed the three-
class solution as significantly better than the two-class model (p < .001) and entropy
was satisfactory with .80. Models with four, five and six classes were also explored.
LMR-A results suggested an improvement in models with four and five classes while
entropy remained constant. The four-class solution identified an additional class with
13.2% of the sample characterised with particularly low HSC scores while the three
groups identified in the three-class model (low, medium, high) remained largely
unchanged. The five-class solution identified one additional medium class, between
medium and high groups, on top of the four-class model with 11.9% of the sample.
However, the three initial classes (low, medium, high) remained. Considering these
findings in light of the results of the child sample and in combination with the
parsimony principle in selecting the best number of classes (Masyn, 2013), the three-
class solution was identified as the best candidate.

In order to explore the robustness of the three-class solution further, we
repeated the LCA in the other half of the TEDS sample (sample B with n = 1,473).
Again, the two-class model was significantly better than the one-class baseline model.
The three-class model had a significantly better fit that the two-class model,
manifested in lower AIC and BIC scores compared to the two-class model. In contrast
to findings with sample A, data from sample B suggested that models with four, five
and six classes did not fit the data better than the three-class model better (see Table
10).

The three-class solution for both adolescent samples was similar to the one
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that emerged for the child sample: 34.90 - 34.98 % of adolescents belonged to a low
sensitive group, 41.04 - 46.90 % to a medium sensitive group, and 21.20 - 23.97% to
a highly sensitive group. For means and standard deviations of HSC and subscales for
each of the three classes see Table 11.

Exploratory Cut-Off Scores for Child Sensitivity Groups. Intersection points
between the distributions of HSC scores for the three sensitivity groups are presented
in Figure 3. The overlap of distributions suggest 4.17 and 4.75 as the intersection
points for the low and high sensitivity group, respectively, resulting in the following
exploratory cut-off scores: < 4.17 for the low-sensitive HSC group, > 4.17 and <4.75
for the medium-sensitive, and > 4.75 for the high-sensitive group. Applying these cut-
off scores to the sample and comparing the resulting categorisation with the LCA
classification, we obtained a sensitivity of .51 (i.e., 51% of children were correctly
categorised as members of the specific sensitivity group) and specificity of .78 (i.e.,
78% of children were correctly identified as not being part of the specific sensitivity
group) for the low-sensitive versus medium-sensitive group and a sensitivity of .77
and specificity of .72 for the medium-sensitive versus high-sensitive groups.

Exploratory Cut-Off Scores for Adolescent Sensitivity Groups. Given that the
adolescent sample was based on twin pairs which were randomly divided into two
subsamples, we were able to determine cut-off criteria in subsample A and then apply
them to subsample B. Intersection points between the three groups in sample A were
3.64 between low and medium sensitive groups and 4.65 between medium and high
sensitive groups (see Figure 4), resulting in the following cut-off scores: < 3.64 for the
low-sensitive HSC group, > 3.64 and < 4.65 for the medium-sensitive, and > 4.65 for
the high-sensitive group. Applied to sample B, satisfactory sensitivity and specificity

values emerged with .88 and .92, respectively, for the classification between low-
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sensitive and medium-sensitive individuals, and .69 and .86 for medium-sensitive
versus high-sensitive ones.
Discussion

Consistent with theory, the Latent Class Analyses confirmed the existence of a
highly sensitive group making up 20-35% of the population. However, the best fitting
models suggested three rather than two distinct sensitivity groups, a new finding
which none of the current theories on Environmental Sensitivity predicted. Besides
the highly sensitive group (20-35%), there was also a medium sensitivity group
(approx. 41-47%) and a low sensitive group (approx. 25-35%). The three group
solution emerged consistently across all three samples. Importantly, these LCA results
are very similar to the three-class solution that emerged recently when the same
analysis was conducted in adult samples with the 27-item HSP scale (Lionetti et al.,
submitted), suggesting that there are not only Orchid- and Dandelion- (Boyce & Ellis,
2005) but also Tulip-children. The exploratory cut-off scores for the categorisation of
individuals into the three different sensitivity groups were characterised by moderate
to weak sensitivity and specificity, performing better in adolescents than children.
While the cut-off scores between medium and highly sensitive individuals were
similar for children and adolescents, the cut-off scores between medium and low
sensitive groups differed as a function of age with a higher cut-off score found in
children. Some of this difference might be explained by the observation that the
overlap between medium and low sensitive groups was substantially higher in the
child compared to the adolescent sample. This suggests that it may be more difficult
to differentiate between low and medium sensitive children at age 11 compared to
adolescents at 17. However, given that measurement invariance of the HSC scale has

not been tested and demonstrated yet, this interpretation has to be considered
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preliminary at this stage. Taking results from adult samples into account (Lionetti et
al., submitted), we propose a general average cut-off of 3.8 between the low and
medium sensitivity groups and a general average cut-off of 4.7 between the medium
and high sensitivity groups. However, in the absence of validation studies that these
three groups capture qualitative differences, these exploratory cut-off scores should
only be used as rough indicators of an individual’s sensitivity group membership
when considering their position on the continuous HSC/HSP scales which range from
1to 7. Given that HSC mean scores may vary between cultures, which is yet to be
investigated, it may be more helpful to divide a sample into bottom 30% (i.e., low
sensitive group) and top 30% (i.e., highly sensitive group) with the remaining 40%
making up the medium sensitive individuals, in order to create the three identified
sensitivity groups. Once a sample has been divided into the three groups by applying
the proposed 30/40/30 split approach, it is then also possible to determine the specific
cut-off scores between these groups. Importantly, the total score of the HSC scale
appears to be normally distributed which suggests that sensitivity exists on a
continuum. Hence, it may be most appropriate to consider sensitivity as a continuous
dimension along which people can be categorised into three different groups. Further
research should aim at investigating this continuous-versus-categorical nature of
sensitivity and test whether and how the three detected groups differ qualitatively
from each other. In addition, future work should validate whether group membership
based on the proposed preliminary cut-off scores predicts behavioural differences in
sensitivity to environmental influences.
General Discussion
A growing number of empirical studies provide evidence for the theoretical

proposition that children differ in their Environmental Sensitivity, with some being
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more affected by the quality of their environment than others (Belsky & Pluess, 2009;
Boyce & Ellis, 2005; Ellis et al., 2011; Pluess, 2015). The first objective of the current
study was to investigate the psychometric properties of a new self-report measure of
Environmental Sensitivity for children and adolescents—the Highly Sensitive Child
(HSC) scale. The second aim was to test associations between the HSC scale and
well-established temperament and personality traits. The third objective aimed at
investigating whether children and adolescents can be categorised into distinct groups
that differ in their Environmental Sensitivity.

Psychometric Properties and Construct Validity of the HSC Scale

Findings of the current study suggest that it is possible to assess
Environmental Sensitivity with a 12-item questionnaire in children as young as 8
years. Consistent with a recent confirmatory factor analysis of the adult HSP scale
(Lionetti et al., submitted), the HSC scale seems to fit a bi-factor model which
includes the three established factors but also a general sensitivity factor across all 12
items. Hence, although the scale captures different components of Environmental
Sensitivity, it does also reflect a general trait of Environmental Sensitivity.

The observed associations with temperament and personality traits provide
more insight into the three sensitivity components of the measure. Whereas Ease of
Excitation and Low Sensory Thresholds seem to be more strongly associated with
traits that reflect sensitivity to negative environmental factors (e.g., BIS, Negative
Emotionality, Negative Affect, and Neuroticism), Aesthetic Sensitivity correlates with
measures that may confer sensitivity to more positive experiences (e.g., BAS, Positive
Emotionality, Extraversion, Openness, Conscientiousness). The co-occurrence of
sensitivity to negative and positive environmental influences may also explain the

finding that the total scale correlates with both BIS and BAS as well as both negative
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and positive emotionality. This interpretation fits well with the literature on the
different theoretical models of Environmental Sensitivity (Pluess, 2015). While
Diathesis-Stress (Monroe & Simons, 1991; Zuckerman, 1999) describes primarily
individual differences in vulnerability to adverse exposures, Vantage Sensitivity
(Pluess, 2017; Pluess & Belsky, 2013) refers to inter-individual variability in the
propensity to benefit from positive experiences. Differential Susceptibility (Belsky,
1997a, 2005; Belsky, Bakermans-Kranenburg, et al., 2007; Belsky & Pluess, 2009,
2013; Ellis et al., 2011), on the other hand, described the combination of both
Diathesis-Stress and Vantage Sensitivity with susceptible individuals being more
affected by both negative as well as positive environmental influences as a function of
general sensitivity factors (e.g., genes, physiological reactivity, personality traits).
Applied to the HSC measure, the total score of the scale may capture general
sensitivity as described in the Differential Susceptibility model combining both
Diathesis-Stress (i.e., sensitivity to adversity as measured with Ease of Excitation and
Low Sensory Thresholds subscales) and Vantage Sensitivity (i.e., sensitivity to
positive experiences as reflected in the Aesthetic Sensitivity subscale). A recent twin
study provides additional support for categorising the three HSC components into
sensitivity to negative (Ease of Excitation /Low Sensory Thresholds) and positive
(Aesthetic Sensitivity) environmental influences based on the finding that Ease of
Excitation and Low Sensory Thresholds are genetically more similar to each other
than to Aesthetic Sensitivity (Assary, Zavos, Krapohl, Keers, & Pluess, submitted).
However, although this interpretation may seem reasonable in light of the discussed
theoretical models and observed empirical findings, it has to be acknowledged that the
adult HSP scale was originally developed to capture a unidimensional construct of

Sensory-Processing Sensitivity rather that different sensitivity components (Aron &
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Aron, 1997). The three factors— Ease of Excitation , Low Sensory Thresholds, and
Aesthetic Sensitivity —emerged in subsequent studies conducted by other research
groups (Booth et al., 2015; Liss, Mailloux, & Erchull, 2008; Smolewska et al., 2006;
Sobocko & Zelenski, 2015) and do not represent a-priori designed subscales. Hence, it
Is important to be cautious when interpreting the meaning of the typically observed
three-factor structure (and in particular when trying to use the subscales separately).
Existence of Sensitivity Groups

Theoretical reasoning (Aron & Aron, 1997; Aron et al., 2012; Belsky, 1997Db)
and accompanying empirical research (Pluess, 2017; Pluess & Belsky, 2015; Wolf et
al., 2008) suggest that people fall into different sensitivity groups with about 10-35%
of the population considered to be highly sensitive. Given that the majority of existing
research on Environmental Sensitivity appears to focus on this more sensitive group it
IS not surprising that much less is known about the less sensitive 65-90%. Hence, the
finding of the current study that there appear to be three rather than two distinct
categories of Environmental Sensitivity is of great importance. Although we found
that a highly sensitive group made up 20-35% of the sample, our analyses suggested
that the less sensitive individuals can be categorised into two distinct groups rather
than one: a medium sensitive group representing approx. 41-47% of the population
and a low sensitive group (approx. 25-35%). Importantly, this three group solution
emerged consistently across multiple and independent samples in childhood,
adolescence, as well as adulthood (Lionetti et al., submitted). These findings provide
empirical evidence for the proposition that most people are sensitive to their
environment but to different degrees (Pluess, 2015). While we know a fair bit about
the highly sensitive group (Aron & Aron, 1997; Aron et al., 2012) our understanding

of the medium and particularly the low sensitive group is very limited. It is
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conceivable that the medium sensitive group is simply somewhat less sensitive than
the highly sensitive group. The low sensitive group, on the other hand, may capture
those that are particularly resilient to adverse conditions but also less able to benefit
from positive exposures (i.e., showing Vantage Resistance; Pluess & Belsky,
2013).The existence of three groups is certainly reconcilable with classic findings in
research on infant temperament. For example, Kagan (1997) found that about 20% of
4 months old infants were highly reactive (i.e., behavioural inhibition) to
environmental stimulation whereas about 40% showed low reactivity (i.e.,
behavioural disinhibition) with the remaining 40% not clearly fitting either group. Our
LCA findings suggest that the undefined 40% may represent the medium sensitive
individuals (i.e., Tulips), which are distinct from the 20% highly sensitive (i.e., high
reactive or Orchids) and the 40% low sensitive children (i.e., low reactive or
Dandelions). Future research should replicate the three group structure and investigate
characteristics associated with these three sensitivity groups in more detail (e.g.,
developmental history, personality and temperament differences, genetic differences
etc.). A further point to be investigated is whether the proportions of the three groups
change over time. The current findings suggest that in middle childhood more
children fall into the high sensitive and less children into the low sensitive group
compared to adolescence. This may indicate that younger children are more sensitive
to their environment than adolescents or adults (Lionetti et al., submitted). However,
longitudinal research is needed to investigate the development and stability of
sensitivity over the life course in order to reject the alternative hypothesis that these
differences are simply due to the scale performing differently at the different ages.

Cut-Off Scores for Sensitivity Groups
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According to the current study, the detected cut-off scores should be used with
caution when trying to categorise individual children and adolescents into the three
detected sensitivity groups. Although the cut-off scores were comparable between
children and adolescents, they seemed to work slightly better for adolescents than for
children and were slightly better at differentiating the highly sensitive individuals
from medium sensitive ones than distinguishing the low sensitive from the medium
sensitive children. One reason for this difference may be that the scale was developed
to measure the high end rather than the low end of the sensitivity spectrum. Additional
studies are required to test and confirm the validity and usefulness of the exploratory
cut-off scores. The proposed general cut-off scores (i.e., 3.8 and 4.7), based on all
available results from child, adolescent and adult samples, should only be used as
rough indicators of sensitivity group membership, and only in addition to considering
the continuous mean score. As an alternative approach we propose to divide a sample
into top and bottom 30% (i.e., high and low sensitivity, respectively) with the
remaining 40% making up the medium sensitivity group.

Empirical Evidence for the Moderating Effects of the HSC Scale

Although the HSC scale appears to be a promising and psychometrically
sound phenotypic marker of environmental sensitivity, it remains to be determined
whether it does indeed predict individual differences in response to environmental
influences as theory suggests. Recently, several findings emerged providing first
empirical evidence for the validity of the HSC scale as a measure of environmental
sensitivity. For example, HSC was found to predict treatment response related to a
universal school-based resilience-promoting intervention (Pluess, Boniwell, Hefferon,
& Tunariu, in press) in a sample of 166 11-year old girls in London, United Kingdom,

with those scoring in the top 25% of HSC benefitting from the intervention regarding
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the reduction of depression symptoms while girls in the bottom 25% of HSC
completely failed to do so (Pluess & Boniwell, 2015). Similarly, HSC moderated the
effects of a school-based anti-bullying intervention in a large randomised controlled
trial involving 2,042 children from 13 schools in Italy (Nocentini, Menesini, & Pluess,
submitted). Although the intervention was effective across the whole sample,
treatment effects were moderated by HSC and gender, with boys scoring high on HSC
benefitting from the effects of the intervention regarding the reduction of self-reported
victimization and internalizing symptoms. In contrast, boys scoring low on HSC did
not respond to the intervention at all. In girls, HSC did not moderate treatment effects
which may be explained by the fact that boys were generally more likely to be
victimized than girls. Environmental sensitivity measured with the HSC scale has also
been found to play a significant role among juvenile offenders in the USA as reported
by Donley, Fine, Simmons, Pluess, and Cauffman (submitted). The longitudinal study
on reoffending behaviours featured a sample of 1,216 male adolescents aged 13-17
years who have been arrested for low-level crimes. The juvenile offenders completed
the HSC scale and were interviewed repeatedly across 1.5 years on the quality of their
home environment and reoffending behaviours. Adolescents living in adverse home
environments were on average more likely to reoffend than those living in more
supportive home environments, but HSC significantly moderated the effect of the
home environment on the risk for reoffending. Consistent with a hypothesis of
Environmental Sensitivity, more sensitive individuals benefited more from positive
home environments compared to the less sensitive adolescents. Focusing on natural
variation in parenting quality, Slagt, Dubas, van Aken, Ellis, and Dekovi¢ (submitted)
investigated whether parent-rated HSC moderated the effects of both negative and

positive parent-reported parenting practices on the development of teacher-rated
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externalizing and prosocial behaviour in a longitudinal study involving 264 4-7 year
old Dutch children and their mothers. The 12-item HSC scale was adapted for the use
as parent-rated measure of children’s sensitivity. Several significant interaction effects
emerged. Most notably, HSC moderated effects of changes in negative and positive
parenting between assessment points in the prediction of teacher reported
externalizing behaviour problems: Children rated high on the HSC scale had fewer
problems if positive parenting increased and negative parenting decreased, but also
more problems when positive parenting decreased and negative parenting increased.
Children with low scores on HSC, on the other hand, were not affected by changes in
parenting quality.

The findings from these four studies not only validate the HSC scale as a
measure of environmental sensitivity to both negative and positive environmental
influences but also emphasise the importance of considering individual differences in
Environmental Sensitivity in different fields, from developmental to clinical
psychology (Pluess, 2015).

Strengths and Limitations

The five original studies reported in this paper are characterised by significant
strengths, including large samples, replication of results and the application of
sophisticated statistical procedures, but the findings should be considered in light of
methodological limitations. Most importantly, all data are based on self-report. Future
research should aim at identifying more objective markers of child Environmental
Sensitivity. Furthermore, all data were provided by children and adolescents residing
in the United Kingdom. Although some of the included samples were highly diverse,
future studies should test whether similar findings emerge in other populations.

Furthermore, although the HSC scale has been designed to reflect the same factor
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structure as the adult HSP scale, measurement invariance between child and adult
samples has not been established yet.
Conclusion

Environmental Sensitivity is an important individual characteristic that is
related to, but largely distinct from, other common temperament and personality traits.
The current study suggests that it is possible to measure Environmental Sensitivity
reliably in children and adolescents with the Highly Sensitive Child scale, a 12-item
self-report measure with good psychometric properties. Furthermore, recent studies
featuring samples from four different countries confirm the validity of the HSC scale
by providing empirical evidence that HSC reflects individual differences in response
to a wide range of environmental influences (Donley et al., submitted; Nocentini et
al., submitted; Pluess & Boniwell, 2015; Slagt et al., submitted).

Future research should continue to investigate the hypothesised moderating
function of Environmental Sensitivity regarding the effects of various environmental
factors (e.g., parenting quality, education etc.) and psychological intervention. Of
particular interest are differences between the three sensitivity groups as well as the
development over the life course. In order to be able to do so, it will be necessary to
develop measures of Environmental Sensitivity for younger children, including
infants. Future work should also aim at identifying the specific psychological and
biological mechanisms underlying individual differences in Environmental
Sensitivity, including neuroimaging studies (for fMRI studies on the adult HSP scale,
see Acevedo et al., 2014; Jagiellowicz et al., 2011) as well as quantitative behavioural
genetics (Assary et al., submitted) and molecular genetics studies (C. Chen et al.,
2011; Keers et al., 2016). Finally, it is important to investigate differences in

Environmental Sensitivity across different cultures.
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In conclusion, children and adolescents differ substantially in their sensitivity
to environmental influences. Such differences in Environmental Sensitivity can be
measured in children and adolescents with a short and simple yet psychometrically
robust self-report measure—the Highly Sensitive Child (HSC) scale. Most children
and adolescents appear to fall into one of three sensitivity groups: About 30% of
children are characterised by high sensitivity, 40% by medium sensitivity and the

remaining 30% by low sensitivity.
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Table 1

HSC Rotated Component Matrix (Study 1)
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Items Factor
1 2 3
(EOE) (AES) (LST)

1 Ifind it unpleasant to have a lot going on at once 53 .07 15
2 Some music can make me really happy .04 .79 -.02
3 Ilove nice tastes 18 .83 .00
4 Loud noises make me feel uncomfortable .35 .02 .67
5 lam annoyed when people try to get me to do too many things at once 71 .26 -.02
6 | notice it when small things have changed in my environment .29 44 .03
7 1 get nervous when | have to do a lot in little time .66 .26 23
8 Ilove nice smells 13 .79 24
9 Idon’tlike watching TV programs that have a lot of violence in them .05 .04 .66
10 Idon’tlike loud noises 10 .06 .86
11 TIdon’tlike it when things change in my life 48 22 45
12 When someone observes me, | get nervous. This makes me perform worse .70 .00 14

than normal




Table 2

Means and Standard Deviations of all Measures (Study 1, 2, 3 and 4)

HSC-38
HSC
HSC-EOE
HSC-AES
HSC-LST
BIS

BAS

EC

NE

PE

PA

NA
Neuroticism
Extraversion
Openness

Agreeableness
Conscientiousness

Study 3
Study 1 Study 2 Session 1 Session 2 Study 4

4.15 (.90) - - - -

4.33 (.98) 4.68 (.93) 4.01 (.86) 4.04 (.84) 3.98 (.96)
413(1.18) 459 (1.21) 3.70(1.26)  3.67 (1.14) 3.81 (1.37)
5.15(1.23) 5.56 (1.08) 5.15(1.02) 5.23 (0.91) 5.16 (1.00)
3.58 (1.53) 3.67 (1.68) 3.01(1.32) 3.10 (1.29) 2.70 (1.38)
18.88 (4.04)  19.66 (3.58) - - -
37.36 (7.51)  39.11 (6.68) - - -

3.14 (.60) 3.30 (.57) - - -

3.00 (.58) 3.06 (.62) - - -

3.09 (.54) 3.26 (.52) - - -
44.54 (9.95) - - - -
27.70 (10.7) - - - -

- - - - 15.97 (4.37)
- - - - 21.75 (3.92)
- - - - 21.70 (3.66)
- - - - 21.94 (3.52)
- - - - 22.41 (3.65)
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Note. HSC-38 = Mean of 38 Highly Sensitive Child Items; HSC = HSC-EOE = Ease of Excitation; HSC-AES = Aesthetic Sensitivity;
HSC-LST = Low Sensitivity Threshold; BIS = Behavioural Inhibition System; BAS = Behavioural Activation System; EC = Effortful

Control; NE = Negative Emotionality; PE = Positive Emotionality; PA = Positive Affect; NA = Negative Affect.



Table 3

Bivariate Correlations (Study 1)
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1 2 3 4 5 6 7 8 9 10 11 12 13
1 HSC-38 —

2 HSC 937 —

3 HSC-EOE .80~ .86  —

4 HSC-AES 68" 717 437 —

5 HSC-LST .63~ .69 .44~ 187 —

6 BAS 427 417 317 B07 11 —

7 BIS 55 557 497 387 36 627 —

8 PE 297 277 17" 37T .08 407 327 —

9 NE 387 377 36 197 26 217 40" 61T —

10 EC 297 27" 18" 297 157 397" 33" 82" 1t —

11 PA 167 147 -0l 417 -.06 387 147 347 .08 337 —

12 NA 157 .09 16" -09 137 -08 .10 .04 197 -02 -38%* —

13 Age -10  -10 -04  -177 -02  -187 -197 -187 -12°  -217 -15%* 300 @ —
14 Gender 18" 15 .10 10 15 .06 197 .09 13" .10 -.08 .08 -.01

Note. HSC-38 = Mean of 38 Highly Sensitive Child Items; HSC = Highly Sensitive Child Scale; HSC-EOE = Ease of Excitation; HSC-AES =
Aesthetic Sensitivity; HSC-LST = Low Sensitivity Threshold; BIS = Behavioural Inhibition System; BAS = Behavioural Activation System;
EC = Effortful Control; NE = Negative Emotionality; PE = Positive Emotionality; PA = Positive Affect; NA = Negative Affect; Gender:
1=male, 2=female; * p <.05; ** p <.01.



Table 4

Multivariate Regression (Study 1)
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HSC HSC-EOE HSC-AES HSC-LST
p Z P B Z pPp P B Z P
BAS 13 1.73 .08 14 1.72 .09 26 356 <01 -11 -1.29 .20
BIS .38 5.36 <.01 33 431 <01 .16 237 .02 37 4.39 <.01
PE .01 .09 93 -.06 -.97 o7 26 329 <01 -187 -1.38 A7
NE 24 3.24 <.01 34 419 <01 .01 19 .85 .16 1.57 12
EC -12 -1.20 23 -18 -176 .08 -18 -1.89 .06 A2 .89 .38
PA .10 1.53 13 -.02 -.22 .83 28 386 <01 -01 -.22 .83
NA .09 1.64 10 10 1.52 13 .04 .70 48 .07 1.21 23

Note. HSC = Highly Sensitive Child Scale; HSC-EOE = Ease of Excitation; HSC-AES = Aesthetic Sensitivity; HSC-LST = Low Sensitivity

Threshold; BIS = Behavioural Inhibition System; BAS = Behavioural Activation System; EC = Effortful Control; NE = Negative Emotionality;
PE = Positive Emotionality. Two models were run, the first including the HSC total score as the only dependent variable and the second model
with EOE, AES and LST simultaneously included as dependent variables.



Table 5

Bivariate Correlations (Study 2)

1 2 3 4 5 6 7 8 9 10
1 HSC —

2 HSC-EOE .83°7 —

3 HSC-AES 617 327 —

4 HSC-LST 697 377 11 —

5 BAS 257 237 3T 01—

6 BIS 32%% Q%K Dhxx 15k GEFR

7 PE A1%* 28*%  BO**  15%  BO*F  Aqr*

8 NE BO**  4Q**  DExx  31kx  I7kk BORk JgEkx

9 EC AB**  AQ**  43%*  23**  B1**  BE*X  G7*Fx  GORA

10 Age .09 .05 10 .07 .03 .02 -08 -12 -06 —
11 Gender 12 .06 .02 197 10 12 .10 22%* 05 .02
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Note. HSC = Highly Sensitive Child Scale; HSC-EOE = Ease of Excitation; HSC-AES = Aesthetic Sensitivity; HSC-LST = Low Sensitivity
Threshold; BIS = Behavioural Inhibition System; BAS = Behavioural Activation System; EC = Effortful Control; NE = Negative Emotionality;
PE = Positive Emotionality; Gender: 1=male, 2=female; * p <.05; ** p <.01.



Table 6

Multivariate Regression (Study 2)

Environmental Sensitivity 66

HSC HSC-EOE HSC-AES HSC-LST

B z p | p Z P Bz P p Z p
BAS -16 -1.94 05 | -06 -63 53 .07 .8 .40 -34 371 <01
BIS .04 48 63 | 02 .28 78 -07 -150 29 12 131 .19
PE 24 269 01 | 05 51 61 .40 524 <01 .13 128 .20
NE 30 408 <Ol | 39 437 <01 -03 -4 69 23 257 01
EC 19 08 .08 | 14 121 23 A5 142 16 14 115 25

Note. HSC = Highly Sensitive Child Scale; HSC-EOE = Ease of Excitation; HSC-AES = Aesthetic Sensitivity; HSC-LST = Low Sensitivity
Threshold; BIS = Behavioural Inhibition System; BAS = Behavioural Activation System; EC = Effortful Control. Two models were run, the first
including the HSC total score as the only dependent variable and the second model with EOE, AES and LST simultaneously included as

dependent variables.
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Table 7

Test-Re-Test Reliability of HSC across 15 Days (Study 3)

HSC 68**
HSC-EOE 66**
HSC-AES ST**
HSC-LST A8**

Note. HSC = Highly Sensitive Child Scale; HSC-EOE = Ease of Excitation; HSC-
AES= Aesthetic Sensitivity; HSC-LST= Low Sensitivity Threshold; ** p <.01.



Table 8

Bivariate Correlations (Study 4)

Environmental Sensitivity 68

1 2 3 4 5 6 7 8 9 10
1 HSC —
2 HSC-EOE 897" —
3 HSC-AES 587 297" —
4 HSC-LST 747 547 187 —
5 Neuroticism 317 387 -00 227
6 Extraversion 18" L2777 207 227 36" —
7 Openness 187 .05 257 177 05 27**
8 Agreeableness 03 -03 04 08 -217 197 257 —
9 Conscientiousness ~ -01  -13™ .16~ .03  -19° 297 09" 267 —
10 Age 02 .01 07" -01 -01" .05 04 04 -02 —
11 Gender -18" -15" -077 -187 -227 .04 -08 -127 -08 -03

Note. HSC = Highly Sensitive Child Scale; HSC-EOE = Ease of Excitation; HSC-
AES = Aesthetic Sensitivity; HSC-LST = Low Sensitivity Threshold; Gender:

1=male, 2=female; * p <.05; ** p <.01.
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Table 9

Multivariate Regression (Study 4)

HSC HSC-EOE HSC-AES HSC-LST
pz e [ B Z Pz p p Z P
Neuroticism .28 6.39 <01 31 6.83 <.01 .07 1.44 15 18 3.88 <.01
Extraversion -.15 -3.33 <.01 -17  -3.86 <.01 14 2.96 <.01 -25 -5.29 <.01
Openness 19 4.31 <.01 .07 1.45 15 22 4.62 <01 21 5.21 <.01
Agreeableness .04 .87 .39 .05 1.11 27 -06  -1.26 21 .07 1.70 .09
Conscientiousness .04 1.03 30 -06 -1.34 18 12 2.77 <.01 .10 2.33 .02

Note. HSC = Highly Sensitive Child Scale; HSC-EOE = Ease of Excitation; HSC-AES = Aesthetic Sensitivity; HSC-LST = Low Sensitivity
Threshold. Two models were run, the first including the HSC total score as the only dependent variable and the second model with EOE, AES,
and LST simultaneously included as dependent variables.
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Table 10

Latent Class Analysis (Study 5)

Model AIC BIC LMR-A (p) Entropy
Children

1 class 25727.97 25830.56

2 classes 25086.17 25244.34 659.71 (.016)* a7

3 classes 24682.61 24896.35 410. 49 (< .001)** .85

4 classes 24535.97 24805.29 170.55 (.159) .82

5 classes 24344.16 24669.04 215.18 (.196) .86

6 classes 24259.14 2463959 109.67 (325) .84

Adolescents (subsample A)

1 class 67497.81 67624.84

2 classes 64639.20 64835.04  2854.50 (< .001)** .82
3 classes 63703.86 63968.51  951.30 (< .001)** .80
4 classes 63141.62 63475.08 582.10 (.003)** .80
5 classes 62718.95 63121.22 443.98 (.002)** .82
6 classes 62465.54 62936.62 276.49 (.314) .80

Adolescents (subsample B)

1 class 67030.28 67157.36

2 classes 64286.91 64482.82 2740.47 (<.001)** 81
3 classes 63352.08 63616.83 950.81 (<.001)** 81
4 classes 62873.54 63207.13 499.27 (.07) .82
5 classes 62542.41 62944.83 353.40 (.06) 81

6 classes 62353.56 62824.82 212.61 (0.56) .82
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Note. Subsample A refers to data used in study 4; Subsample B refers to the other half
of the TEDS sample described in study 4; * p <.05; ** p <.01.



Table 11

Descriptives for the Three Latent Classes (Study 5)
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Groups 1 2 3
Children
Frequency 24.67% 41.24% 34.08%
Mean (SD) Mean (SD) Mean (SD)
HSC 3.68 (0.80) 4.24 (0.67) 5.39 (0.63)
HSC-EOE 3.68 (1.02) 4.06 (1.13) 5.17 (0.97)
HSC-AES 3.87(0.84) 5.74 (0.85) 5.91 (0.78)
HSC-LST 3.42(1.29) 2.54 (1.12) 5.07(1.14)
Adolescents (subsample A)
Frequency 34.98% 41.04% 23.97%
Mean (SD) Mean (SD) Mean (SD)
HSC 3.00 (0.51) 4.22 (0.45) 5.06 (0.63)
HSC-EOE 2.38 (0.72) 4.33(0.79) 5.07 (0.97)
HSC-AES 4.70 (1.12) 5.41 (0.77) 5.40 (0.85)
HSC-LST 1.76 (0.77) 2.65 (0.88) 4.56 (0.92)
Adolescents (subsample B)
Frequency 34.90% 46.90% 21.20%
Mean (SD) Mean (SD) Mean (SD)
HSC 3.02 (0.50) 4.20 (0.46) 5.08 (0.60)
HSC-EOE 2.36 (0.69) 4.28 (0.76) 5.13 (0.96)
HSC-AES 4.82 (1.06) 5.32 (0.81) 5.48 (0.91)
HSC-LST 1.70 (0.72) 2.55 (0.90) 4.46 (0.91)

Note. Subsample A refers to data used in study 4; Subsample B refers to the other half
of the TEDS sample described in study 4.
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Figure Captions
Figure 1. Hllustration of the different models describing individual differences in
Environmental Sensitivity: Diathesis-Stress (A) describes variability in response to
adverse exposures, and Vantage Sensitivity (B) variability in response to supportive
exposures, whereas the remaining three models Sensory Processing Sensitivity (C),
Differential Susceptibility (D), and Biological Sensitivity to Context (E) describe
individual differences in response to both negative and positive experiences.

Consequently, models C, D, and E, reflect the combination of models A and B.

Figure 2. Graphical illustration of A) 3-factor model: EOE, LST and AES factors; B)

bi-factor model: EOE, LST and AES factors plus a HSC general factor.

Figure 3. The distributions of the HSC mean score for each of three sensitivity groups
in the child sample with cut-off scores for the low, medium, and high sensitivity

groups.

Figure 4. The distributions of the HSC mean score for each of three sensitivity groups
in the adolescent subsample A with cut-off scores for the low, medium, and high

sensitivity groups.
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Figure 1
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Supplementary Information
Study 1

38 High-Sensitivity Items (HSC-38)

The unpublished Highly Sensitive Child Scale with 38 items (HSC-38) has been developed
based on the Highly Sensitive Person scale by Aron & Aron (1997) in order to measure
Sensory-Processing Sensitivity in Dutch school-aged children (Walda, 2007). The following
five adaptations were made to the original HSP-scale:

1.

2.

3.

Rather than ‘Do you...” or ‘Are you...’, items were rephrased as ‘I am...” or ‘I
find...".

Difficult words that are likely to be unknown to children were replaced with simpler
words. For example, ‘Are you conscientious?’ was changed into ‘I am very precise’.
Single items that concerned an evaluation of two or more issues were divided into two
or more separate items. For example, the original question from the HSP-scale ‘Do
you try hard to avoid making mistakes or forgetting things’ was changed into ‘I try
not to forget things’ (item 25) and ‘I try not to make mistakes’ (item 36).

The original item ‘Are you particularly sensitive to the effects of caffeine?’ was
changed into ‘Drinking coke, makes me feel uncomfortable’, because most children
below the age of 13 do not drink coffee, but may drink coke which sometimes causes
effects similar to coffee.

The original item ‘When you were a child, did parents or teachers seem to see you as
sensitive or shy” was changed into ‘My parents think I am sensitive’ (item 26) and
‘My teacher thinks I am shy’ (item 3).

As a result of these adaptations the original HSP-scale that consisted of 27 items was changed
into the HSC-38 scale consisting of 38 items.

High-Sensitivity Iltems (HSC-38)

10.

| find it unpleasant to have a lot going on at once
| don’t like unpleasant smells

My teacher thinks | am shy

I love nice sounds

| startle easily

| don't like bright lights

When | am hungry, | get in a bad mood

| love nice paintings

Drinking coke, makes me feel uncomfortable

Some music can make me really happy
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

When someone is happy, that makes me feel happy too

| love nice tastes

| don’t like it when it is a mess around me

Some music can me make sad

Loud noises make me feel uncomfortable

| am annoyed when people try to get me to do too many things at once
| tend to feel pain easily

I notice it when small things have changed in my environment

When someone is sad, that makes me feel sad too

When | am hungry, | cannot think properly

| don’t like clothes that feel funny

| get nervous when | have to do a lot in little time

When someone is angry, that makes me feel angry too

I love nice smells

| try not to forget things

My parents think | am sensitive

| find it unpleasant to have a lot going on at once

| don’t like watching TV programs that have a lot of violence in them

| always think long and deep about everything

| try to avoid situations that | don’t like

When someone feels uncomfortable, | know what to do to change that
| don’t like loud noises

| don'’t like it when things change in my life

When there is a lot going on around me, | prefer to be alone in a room

| don’t like watching movies that have a lot of violence in them
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36. | try not to make mistakes

37. | am very precise

38. When someone observes me, | get nervous. This makes me perform worse
than normal

Results of principle component analyses of HSC-38 are presented below.
PCA on HSC-38; selection method: Eigenvalues >1

Initial Eigenvalues

Rotation Sums of Squared Loadings

% of Cumulative % of Cumulative
Component  Total Variance % Total Variance %

1 9.761 25.688 25.688 4.095 10.777 10.777
2 3.586 9.438 35.126 3.004 7.906 18.683
3 2.181 5.741 40.866 2.819 7.419 26.102
4 1.788 4.705 45,571 2.678 7.048 33.150
5 1.395 3.671 49.242 2.634 6.932 40.082
6 1.328 3.495 52.737 2.597 6.834 46.916
7 1.164 3.064 55.801 2.239 5.891 52.807
8 1.118 2.943 58.744 1.979 5.208 58.015
9 1.092 2.874 61.618 1.369 3.603 61.618
10 969 2.550 64.168

11 907 2.387 66.555

12 .889 2.339 68.894

13 .846 2.226 71.121

14 728 1.917 73.038

15 699 1.840 74.878

16 687 1.808 76.686

17 638 1.679 78.365

18 628 1.652 80.017

19 .590 1.552 81.569

20 570 1.499 83.068

21 536 1.411 84.479

22 520 1.368 85.847

23 504 1.327 87.173

24 467 1.228 88.402

25 452 1.189 89.591

26 442 1.164 90.755

27 429 1.128 91.883

28 383 1.008 92.892

29 367 .966 93.857
30 .356 .936 94.793
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PCA on HSC-38; selection method: 3 principle components

Initial Eigenvalues

Extraction Sums of Squared

Rotation Sums of Squared

Loadings Loadings
Component - - -
% of |Cumulative % of |Cumulative % of [Cumulative
Total | Variance % Total | Variance % Total | Variance %
1 9.761| 25.688 25.688(9.761| 25.688 25.688(6.291( 16.554 16.554
2 3.586 9.438 35.126 | 3.586 9.438 35.126(5.217| 13.729 30.283
3 2.181 5.741 40.866 (2.181 5.741 40.866 (4.022| 10.583 40.866
4 1.788 4.705 45571
5 1.395 3.671 49.242
6 1.328 3.495 52.737
7 1.164 3.064 55.801
8 1.118 2.943 58.744
9 1.092 2.874 61.618
10 .969 2.550 64.168
11 907 2.387 66.555
12 .889 2.339 68.894
13 .846 2.226 71.121
14 728 1.917 73.038
15 .699 1.840 74.878
16 .687 1.808 76.686
17 .638 1.679 78.365
18 .628 1.652 80.017
19 590 1.552 81.569
20 570 1.499 83.068
21 536 1411 84.479
22 520 1.368 85.847
23 504 1.327 87.173
24 467 1.228 88.402
25 452 1.189 89.591
26 442 1.164 90.755
27 429 1.128 91.883
28 .383 1.008 92.892
29 367 .966 93.857
30 .356 .936 94.793
31 .300 .790 95.583
32 292 .769 96.352
33 277 .730 97.082
34 .259 .680 97.762
35 253 .665 98.427
36 239 .630 99.057
37 197 518 99.575
38 162 425 100.000

HSC-38 Rotated Component Matrix. 12 selected items are highlighted grey.
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1 2 3

1 | find it unpleasant to have a lot going on at once 104 567 -.044

) | don’t like unpleasant smells 341 297 -.222

3 My teacher thinks | am shy -113 .371 242

4 | love nice sounds .661 .115 .024

5 | startle easily .049 489 .258

6 | don’t like bright lights .010  .459 .286

y When | am hungry, | get in a bad mood .003 .584 141

g | love nice paintings .603 112 243

9 Drinking coke, makes me feel uncomfortable -.083 257  .460

10 Some music can make me really happy .674 .088 -.065
When someone is happy, that makes me feel happy

1 682 -035 .123
too

12 | love nice tastes 739 172 -.148

13 | don'’t like it when it is a mess around me 536  .167  .187

14 Some music can me make sad 354 105  .487

15 Loud noises make me feel uncomfortable 125 425 376
| am annoyed when people try to get me to do too

16 _ .308 597  -.085
many things at once

17 | tend to feel pain easily -.013 615 .344
| notice it when small things have changed in my

18 . 431 .204 .236
environment

19 When someone is sad, that makes me feel sad too 433 193 469

20 When | am hungry, | cannot think properly 114 .656 .078

21 | don’t like clothes that feel funny 432 450 .023
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99 | get nervous when | have to do a lot in little time 335 580 .187
23 When someone is angry, that makes me feel angry too .092  .388  .418
24 | love nice smells 754 166  -.006
o5 | try not to forget things .682 .096 .026
26 My parents think | am sensitive 182 271 374
97 | find it unpleasant to have a lot going on at once 236 .697  .060

| don’t like watching TV programs that have a lot of
.006 .141  .688

2 violence in them
29 | always think long and deep about everything 397 157 524
30 | try to avoid situations that | don’t like 558 141 239

When someone feels uncomfortable, | know what to do
547 -.066 .362

31 to change that
39 | don'’t like loud noises 165 266  .480
33 | don'’t like it when things change in my life .289 483 317

When there is a lot going on around me, | prefer to be

170 544 332

34 alone in a room

| don’t like watching movies that have a lot of violence

.045 140 762
35

in them
36 | try not to make mistakes .623 110 .200
37 | am very precise 472 -036 451

When someone observes me, | get nervous. This

124 546 232

38 makes me perform worse than normal

CFA parameters of the 3-factor model are reported below (Study1)

Latent variables and item content Estimate Std.Err

EOE
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Unpleasant a lot going on 0.658 0.124
Annoyed when too many things 1.014 0.112
Nervous when a lot to do 1.244 0.104
Don’t like changes 1.020 0.109
Nervous when observed 1.026 0.121
AES
Music makes me happy 1.038 0.104
Love nice tastes 1.304 0.105
Notice small changes 0.615 0.106
Love nice smells 1.299 0.114
LST
Loud noises make me uncomfortable 1.488 0.117
Don’t like violence in TV 0.832 0.157
Don’t like loud noises 1.487 0.125

Covariance matrix among latent variables of the 3-factor model (Study 1)

EOE AES LST

EOE 570 .613
AES 234
LST

CFA parameters of the bi-factor model are reported below

Latent variables and items content Estimate Std. Err
EOE
Unpleasant a lot going on 1.000
Annoyed when too many things -0.029 0.162
Nervous when a lot to do -0.363 0.157
Don’t like changes -0.056 0.154
Nervous when observed -0.230 0.171
AES
Music makes me happy 1.000
Love nice tastes 1.208 0.116
Notice small changes 0.333 0.120
Love nice smells 1.028 0.114
LST
Loud noises make me uncomfortable 1.000
Don’t like violence in TV 0.585 0.151
Item 32 1.664 0.112
HSC — General factor
Unpleasant a lot going on 1.000
Annoyed when too many things 1.046 0.116
Nervous when a lot to do 1.315 0.112
Don’t like changes 1.031 0.120
Nervous when observed 1.046 0.125
Music makes me happy 0.461 0.126
Love nice tastes 0.642 0.122
Notice small changes 0.592 0.144
Love nice smells 0.779 0.126
Loud noises make me uncomfortable 0.950 0.123
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Don’t like violence in TV 0.628 0.157
Don’t like loud noises 0.787 0.144

Heterotrait-monotrait ratio of correlations (Study 1)

HSC HSC-EOE HSC-AES HSC-LST

HSC

HSC-EOE 932

HSC-AES 748 589

HSC-LST 701 661 246

BAS 511 386 620 180
BIS 690 649 504 490
PE 390 272 470 181
NE 431 362 328 316
EC 424 360 392 258
PA 310 139 503 117
NA 244 207 200 3183

HSC = Highly Sensitive Child Scale; HSC-EOE = Ease of Excitation; HSC-AES = Aesthetic
Sensitivity; HSC-LST = Low Sensitivity Threshold; BIS = Behavioural Inhibition System;
BAS = Behavioural Activation System; EC = Effortful Control; NE = Negative Emotionality;
PE = Positive Emotionality

Density plot to illustrate the distribution of the 12-item HSC scale in Study 1.
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Bivariate correlations between 12-item HSC and EATQ-R subscales (variables 7 to 18) (Study 1)
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1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17
1 Gender (2=female)
2 Age -.01
3 HSC 15" -.10
4 HSC-EOE 10  -04 86"
5 HSC-AES 10 -177 717 43"
6 HSC-LST 157 -02 697 86 18"
7 Activation control .08  -.18" 227 18" 177 15
8 Affiliation 14" 219" 267 147 417 05 547
9 Aggressiveness .05 -07 .10 190 01 -02 497 227
10 Attention 15  -.16 ;27* 177 297 157 71” 64 457
11 Depression 13" -18" 2677 237 197 17 647 287 55 .69
12 Fearfulness 10 -10 347 307 .18 297 617 497 387 67 .69
13 Frustration 12" -14" 377 35 327 15 687 617 557 737 697 637
14 Inhibitory 02 - 227 11 307 10 .09 647 35 697 617 527 57
Control 207
15 Pleasure 03 -16° 217 13" 287 .08 597 627 397 627 55 48" 577 497
Sensitivity
16 Perceptual 10 -11 217 13" 337 02 587 64T 427 697 707 467 607 597 .66
Sensitivity
17 Shyness 08 -04 15 197 -04 .18 297 12 227 17 397 477 18 207 .07 .10
18 Surgency 03 -14 200 14 19 13" 637 537 487 67 58 56 527 56 54~ 537 237

“p<.05; " p<.001
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Study 2
Density plot to illustrate the distribution of the 12-item HSC scale in Study 2.

05

04

Density
0.3

02

0.1

0o

HSCmean

CFA parameters of the 3-factor model (Study 2)

Latent variables and items content Estimate Std.Err
EOE
Unpleasant a lot going on 914 0.130
Annoyed when too many things 1.230 0.155
Nervous when a lot to do 1.183 0.157
Don’t like changes 0.717 0.160
Nervous when observed 0.904 0.155
AES
Music makes me happy 0.953 0.131
Love nice tastes 0.840 0.126
Notice small changes 0.531 0.131
Love nice smells 1.059 0.147
LST
Loud noises make me uncomfortable 1.614 0.178
Don’t like violence in TV 0.711 0.160
Don’t like loud noises 1.900 0.179

Covariance matrix of latent variables (Study 2)

EOE AES LST

EOE 448 480
AES 153
LST
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CFA parameters of the bi-factor model (Study 2)

Latent variables and items content Estimate Std.Err
EOE
Unpleasant a lot going on 1.000
Annoyed when too many things .057 210
Nervous when a lot to do -0.489 240
Notice small changes 0.285 .180
Nervous when observed -0.030 202
AES
Music makes me happy 1.000
Love nice tastes 0.883 0.138
Notice small changes 0.444 0.135
Love nice smells 0.882 0.153
LST
Loud noises make me uncomfortable 1.000
Don’t like violence in TV 0.551 143
Don’t like loud noises 1.968 .072
HSC — General factor
Unpleasant a lot going on 1.000
Annoyed when too many things 1.178 0.153
Nervous when a lot to do 1.343 0.176
Don’t like changes 0.666 0.153
Nervous when observed 0.915 0.151
Music makes me happy 0.421 0.125
Love nice tastes 0.244 0.092
Notice small changes 0.300 0.160
Love nice smells 0.536 0.131
Loud noises make me uncomfortable 0.927 0.163
Don’t like violence in TV 0.420 0.166
Don’t like loud noises 0.845 0.157
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Bivariate correlations between 12-item HSC and EATQ-R subscales (variables 7 to 18) (Study 2)
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1 Gender (2=female)
2 Age 01
3 HSC 13" .10
4 HSC-EOE 06 .06 .83"
5 HSC-AES 02 10 617 327
6 HSC-LST 19" .07 697 367 11
7 Activation control -04  -02 397 417 327 11
8 Affiliation 22" -06 37 297 427 12 337
9 Aggressiveness - -02 .02 .13 16 - 467 .09
23" 24"
10 Attention 10  -12 40T 307 36 237 537 507 277
11 Depression 17" -05 287 317 08 197 257 227 28" 297
12 Fearfulness 27  -14" 46 437 160 387 427 347 07 467 467
13 Frustration 12" -06 40 437 347 07 587 517 387 60 417 517
14 Inhibitory Control .07  -03 .39 28" 397 227 517 527 177 567 16 347 577
15 Pleasure Sensitivity -.02 -16" .35 .22° 297 28 377 46 21° -08 397 427 35 38”7
16 Perceptual 07 .00 .36 287 47 07 467 527 25 14" 557 27 467 55 36
Sensitivity
17 Shyness 12 -06 300 27 .09 27 16 .02 .02 17 397 40" 27 15 21 .04
18 Surgency A1 -05 287 217 200 347 357 407 327 457 19" 200 467 49" 317 337 12

“p<.05; " p<.001
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Heterotrait-monotrait ratio of correlations (Study 2)

HSC HSC_EOE HSC_AES  HSC-LST

HSC

HSC-EOE .903

HSC-AES 174 .600

HSC-LST .681 536 309

BAS 402 331 487 A17
BIS 527 528 .366 334
PE .658 490 712 .354
NE .666 .680 443 420
EC .646 544 .608 .364

HSC = Highly Sensitive Child Scale; HSC-EOE = Ease of Excitation; HSC-AES = Aesthetic
Sensitivity; HSC-LST = Low Sensitivity Threshold; BIS = Behavioural Inhibition System;
BAS = Behavioural Activation System; EC = Effortful Control

Study 3
Density plot to illustrate the distribution of the 12-item HSC scale in Study 3.
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Study 4
Density plot to illustrate the distribution of the 12-item HSC scale in Study 4.
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CFA parameters of the 3-factor model (Study 4)

Latent variables and items content Estimate Std.Err
EOE
Unpleasant a lot going on 1.330 0.039
Annoyed when too many things 1.278 0.042
Nervous when a lot to do 1.254 0.045
Don’t like changes 1.106 0.044
Nervous when observed 1.228 0.046
AES
Music makes me happy 0.692 0.047
Love nice tastes 1.100 0.043
Notice small changes 0.416 0.049
Love nice smells 1.073 0.041
LST
Loud noises make me uncomfortable 1.400 0.042
Don’t like violence in TV 0.664 0.055
Don’t like loud noises 1.543 0.042

Covariance matrix of latent variables (Study 4)

EOE AES LST

EOE .296 .637
AES 136
LST

CFA parameters of the bi-factor model (Study 4)
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Latent variables and items content

Estimate Std.Err

EOE

Unpleasant a lot going on 1.000
Annoyed when too many things 1.168 0.057
Nervous when a lot to do 0.912 0.068
Don’t like changes 0.549 0.068
Nervous when observed 0.657 0.081
AES
Music makes me happy 1.000
Love nice tastes 1.183 0.047
Notice small changes 0.360 0.051
Love nice smells 1.127 0.044
LST
Loud noises make me uncomfortable 1.000
Don’t like violence in TV -0.241 0.102
Don’t like loud noises 0.512 0.121
HSC — General factor
Unpleasant a lot going on 1.000
Annoyed when too many things 0.769 0.049
Nervous when a lot to do 0.883 0.052
Don’t like changes 0.992 0.055
Nervous when observed 1.049 0.059
Music makes me happy 0.186 0.041
Love nice tastes 0.163 0.044
Notice small changes 0.422 0.051
Love nice smells 0.227 0.047
Loud noises make me uncomfortable 1.257 0.067
Don’t like violence in TV 0.862 0.067
Don’t like loud noises 1.338 0.057
Heterotrait-monotrait ratio of correlations (Study 4)
HSC HSC-EOE  HSC-AES HSC-LST
HSC
HSC-EOE .893
HSC-AES 581 317
HSC-LST 763 .684 192
Neuroticism 449 484 142 333
Extraversion 439 .368 .285 .343
Openness 341 .205 372 235
Agreeableness .249 179 191 210
Conscientiousness 234 197 213 117

95



Environmental Sensitivity SI 96

HSC = Highly Sensitive Child Scale; HSC-EOE = Ease of Excitation; HSC-AES = Aesthetic
Sensitivity; HSC-LST = Low Sensitivity Threshold
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