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Sensory-processing sensitivity 
versus the sensory-processing 
theory: Convergence and 
divergence
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Two individual-difference theories focus on sensory sensitivity: one 

emanating from psychology—sensory-processing-sensitivity (SPS); and one 

from occupational therapy—sensory processing theory (SP). Each theory is 

coupled with its measure: the highly-sensitive-person scale (HSPS) and the 

adolescent adult sensory profile (ASP). The constructs of both theories were 

claimed to be independent of neuroticism. To assess the convergence of these 

measures, we recruited participants from a general population and a Facebook 

Group dedicated to people high in SPS. The participants, N = 1,702 Mage = 26.9 

(66.7% female), answered the HSPS, ASP, and neuroticism questionnaires. 

We subjected the HSPS and the APS to exploratory graph analysis. To assess 

the divergence of these measures from neuroticism, we  performed meta-

analyses. We also used a subsample obtained in an unrelated study, N = 490, 

to correlate HSPS and APS with the Big Five and additional measures. The 

results suggested that (a) the latent structure of these measures conforms to 

the theories only partially, (b) some of the sub-scales of these two measures 

correlated highly, r = 0.63, but low enough to suggest divergence, (c) both 

differentially predict membership in a Facebook group, and (d) both are not 

isomorphic with neuroticism. We  concluded that HSPS primarily measures 

the emotional reaction to sensory stimulation, whereas ASP the behavioral 

reactions. We offer shorter yet reliable measures for both theories.
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Introduction

All living organisms respond to variations in their physical environment through 
sensors that detect changes in energy patterns (such as light or sound; Strelau, 1994). The 
likelihood of detection of changes in the environment depends on individual differences. 
Such individual differences are the subject of two theories—Sensory-Processing Sensitivity 
(SPS; Aron and Aron, 1997) and the Sensory processing theory (SP; Dunn, 1997). 
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However, researchers of these theories work in relatively 
independent research areas, each with its conceptualization of the 
dimensions of these individual differences and measurement 
instruments. SPS research suggests three interrelated 
sub-constructs, and the SP theoretically offers four individual 
difference profiles. Thus, our first goal is to test the presumed 
dimensions of SPS and SP, and our second goal is to test whether 
the measures emanating from these theories converge or diverge. 
Next, it is unclear whether each of the measures associated with 
these theories diverges from neuroticism and other related traits. 
Thus, our third goal is to establish divergent validity for the 
constructs of each theory. Finally, the SPS contains 27 items and 
the SP 60. Therefore, our last goal was to offer shorter versions for 
these scales to facilitate research covering the entire spectrum of 
phenomena described by the two theories. In summary, 
we investigated the measures of SPS and SP. Specifically, we (a) 
tested their dimensionality, (b) explored their similarities and 
uniqueness, (c) tested their divergent validity from neuroticism 
and other constructs, and (d) offered shorter and reliable versions 
of these scales.

Sensory-processing-sensitivity theory

The SPS theory, emanating from social and personality 
psychology, suggests individual differences in the capacity to 
process stimuli. People high in SPS (highly sensitive persons, or 
HSPs) notice subtleties and nuances in the environment that are 
not noticed by people low in SPS (Strelau, 1987; Aron and Aron, 
1997; Belsky and Pluess, 2009; Aron, 2010; Aron et al., 2012). On 
the other hand, HSPs can handle a smaller amount of stimulation 
than others (Strelau, 1987; Aron and Aron, 1997; Belsky and 
Pluess, 2009). Therefore, HSPs are more likely to experience 
overarousal (Pavlov, 1927/1960) and to be overwhelmed (Aron 
and Aron, 1997; Belsky and Pluess, 2009). When HSPs are 
overwhelmed, they struggle to process the stimuli. Consequently, 
they experience intensive-physical reactions (such as rapid heart 
rate), which increases their overarousal. Their overarousal is 
increased until they attempt to block the stimulation—reach into 
transmarginal inhibition. The potential overarousal of HSPs may 
cause them to be  more careful before responding to the 
environment (Aron and Aron, 1997, 2010; Aron, 2000; Jagiellowicz 
et al., 2010).

The standard measures of SPS in human adults are the 27-item 
HSP scale (HSPS; Aron and Aron, 1997) and the short version of 
the 12-item HSPS questionnaire (Pluess, 2015; Pluess and 
Boniwell, 2015). Initially, the 27-items HSPS questionnaire was 
considered to reflect a single factor (Aron and Aron, 1997). 
However, further studies suggested three factors (Smolewska et al., 
2006; Aron and Aron, 2010; Booth et  al., 2015; Grimen and 
Diseth, 2016): (a) Ease of Excitation (EOE)—becoming 
overwhelmed mentally by external and internal demands; (b) 
Aesthetic Sensitivity (AES)—aesthetic awareness; and (c) Low 
Sensory Threshold (LST)—unpleasant sensory arousal due to 

external stimuli. We sought to re-test the factor structure of the 
HSPS on a different, and larger, sample.

The sensory processing theory: Patterns 
of sensory processing

Another theory that pertains to a similar sensory pattern is 
Dunn’s sensory processing theory, emanating from occupational 
therapy (SP; Dunn, 1997, 2014). The SP theory, like the SPS 
theory, suggests individual differences in sensory processing but 
attributes these differences to high vs. low neurological thresholds 
and active vs. passive behavioral responses. Unlike the SPS theory, 
which focuses only on people high in sensory processing 
sensitivity, the SP theory considers the threshold of sensory 
processing and the behavioral response to sensations as separate 
continua (Dean, 2015): neurological thresholds for stimulation 
(high-low) and behavioral response (active-passive). These two 
axes underlie four sensory processing styles (Dunn, 1997, 2001): 
(a) Sensory Sensitivity (Ss)—a low neurological threshold that 
causes a strong physiological response but a passive-behavioral 
response with slow habituation to the sensation; (b) Sensory 
Avoiding (SA)—a low neurological threshold that causes a strong 
physiological response, and an active-behavioral response to 
withdraw from the sensation (therefore quick habituation); (c) 
Low Registration (LR)—a high neurological threshold that causes 
a weak physiological-response and a passive-behavioral response 
with delayed habituation to the sensation; and (d) Sensation 
Seeking (Se)—a high neurological threshold that causes a weak 
physiological response, but an active-behavioral response that 
pursues sensation (therefore slow habituation).

The standard measure of SP in children is the 86-item Sensory 
Profile 2 (Dunn, 2014), and in adults is the 60-item Adolescent 
Adult Sensory Profile scale (ASP; Brown and Dunn, 2002). A 
factor analysis of the ASP yielded 16 factors. Brown et al. (2001) 
used a scree test and suggested that the first four factors are similar 
to the theory. As predicted, it indicated factors of Low Registration 
and Sensation Seeking, but inconsistent with the theory, Sensory 
Sensitivity, and Sensory Avoiding items loaded together on two 
additional factors (Brown et al., 2001, p. 78).

Sensory-processing sensitivity and 
sensory processing theory: Same or 
different?

The SPS and the SP theories lay on the same theoretical 
ground, suggesting that some people are more sensitive than 
others to sensory information. Therefore, some researchers refer 
to these two theories as the same (Jerome and Liss, 2005; Bakker 
and Moulding, 2012; Meredith et al., 2016) or consider the SPS the 
same as the low neurological threshold profiles of the SP; Sensory 
Sensitivity (Benham, 2006; Minshew and Hobson, 2008; Brown 
and Stoffel, 2010) or Sensory Avoiding (Ben-Avi et al., 2012).
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Other researchers suggest that these theories should 
be distinguished (Aron, 2011; Levit-Binnun et al., 2014). Their 
main argument is that while SP refers only to sensitivity to sensory 
stimulation (Levit-Binnun et al., 2014), SPS refers to a deeper 
depth of processing, involving higher emotional arousal and 
empathic abilities (Aron and Aron, 1997; Aron, 2013; Levit-
Binnun et al., 2014). The high emotional arousal and empathic 
abilities cause aesthetic awareness of the environment’s subtleties 
and nuances, such as delicate or fine scents, tastes, sounds, art, and 
music. Indeed, aesthetic awareness is one of the SPS factors labeled 
Aesthetic Sensitivity (Smolewska et al., 2006). Aesthetic sensitivity 
is not considered in the SP theory.

The debate regarding the convergence, or divergence, of the 
constructs of SPS and SP remained primarily theoretical. One 
exception is a study that reported that SPS was correlated with 
Low Registration, Sensory Sensitivity, and Sensory Avoiding, 
rs = 0.21, 0.50, 0.48, respectively, where Sensory Seeking was not 
correlated with SPS (Meredith et  al., 2016; N = 116). These 
correlations are far from unity and may suggest divergence.

Moreover, both the SP and SPS theories suggest that although 
their respective constructs are related to neuroticism, they contain 
variances not shared with neuroticism (Aron and Aron, 1997; Dunn, 
2001). That is, the theories claim that their construct diverges from 
neuroticism. Therefore, we tested whether we could establish the 
divergent validity of SP and SPS with empirical data (Lawson and 
Robins, 2021). We sought to determine whether neuroticism is only 
a sibling construct to SPS and SP or their identical twin (Lawson and 
Robins, 2021). We probed this question (a) theoretically, (b) with 
meta-analyses, and (c) through data we collected.

Moreover, we expanded the probing of the divergent validity 
of SPS and SP to other candidate constructs whose measures may 
overlap with SPS and SP. First, we considered measures of all the 
Big Five traits rather than only neuroticism. Second, we considered 
specific constructs that may threaten the divergent validity of SPS 
and SP: trait anxiety, trait social anxiety, shyness, introversion (as 
part of the Big Five), attention deficit hyperactivity disorder 
(ADHD), trait mindfulness, family environment, and attachment 
style. For example, we asked whether SP merely measures trait 
social anxiety. Suppose we  establish that the correlations of 
neuroticism and all the other constructs with SPS and SP are low 
enough. In that case, we will establish the divergent validity of SPS 
and SP, providing evidence that they should be considered unique 
traits. Therefore, next, we review why neuroticism and the other 
constructs could overlap with SPS and SP.

Neuroticism

Neuroticism is defined as maladjustment or negative 
emotionality (Costa and McCrae, 1985). Neuroticism is also called 
personality-negative affectivity or negative emotionality (Eysenck 
and Eysenck, 1975; Watson and Clark, 1984). Neuroticism is a 
temperamental sensitivity to negative stimuli (Zobel et al., 2004) 
and an inclination to experience psychological distress (Ormel 

and Wohlfarth, 1991). It predisposes them to experience negative 
emotions, such as suffering more acutely from misfortunes 
(McCrae, 1990). Moreover, neuroticism refers to a tendency 
towards experiencing tension, anxiety, depression, hostility, 
irrational thinking, impulsivity, self-pity, self-consciousness, low 
self-esteem (Penley and Tomaka, 2002), having unrealistic ideas, 
an inability to control urges, and inefficient ways of coping with 
stress (Costa and McCrae, 1985).

The authors of both SP and SPS theories discussed the 
relationship of the respective constructs with neuroticism. Dunn 
(2001) argued that neuroticism relates to the Sensory Avoiding 
profile, which refers to a low neurological threshold and an active 
behavioral response to stimuli. However, while Sensory Avoiding 
refers to a low neurological threshold for all stimuli, neuroticism 
definition refers only to sensitivity to negative stimuli. We did not 
find any study testing this argument.

Aron and Aron (1997) argued that SPS is often, but mistakenly, 
considered as nothing more than neuroticism (e.g., Howarth, 
1986). On the one hand, SPS was correlated to neurotic personality 
traits, such as stress, anxiety, and depression (Smolewska et al., 
2006; Ahadi and Basharpoor, 2010). Also, neuroticism yielded 
positive correlations with SPS, and its component, especially with 
the SPS components of Low Sensory Threshold and Ease of 
Excitation (Aron and Aron, 1997; Andresen et al., 2005, 2017; 
Smolewska et al., 2006; Ahadi and Basharpoor, 2010; Aron et al., 
2010; Jagiellowicz et al., 2010; Acevedo et al., 2014; Sobocko and 
Zelenski, 2015; Listou Grimen and Diseth, 2016; Mullet et al., 
2016; Lionetti et al., 2018;Pluess et al., 2018; Weyn et al., 2019). 
Nevertheless, Low Sensory Threshold and Ease of Excitation could 
be  associated with negative emotions and experiences merely 
because their measures include many negatively worded items, 
describing negative consequences of greater depth of information 
processing (Greven et al., 2019).

On the other hand, SPS theory is compatible with other 
theories postulating individual differences in reacting both to 
negative and positive environments, such as differential 
susceptibility (Belsky, 1997; Belsky and Pluess, 2009) and 
biological sensitivity to context (Boyce and Ellis, 2005). Thus, SPS 
and other environmental sensitivity theories refer to a broader line 
of sensitivity to all kinds of stimuli, whereas theories about 
neuroticism refer specifically to sensitivity to negative stimuli. 
Therefore, the SPS-neuroticism correlation might be caused by the 
tendency of both HSPs and neurotic individuals to respond to 
stimuli cautiously (Smolewska et al., 2006). However, SPS is also 
theorized to reflect sensitivity to positive stimuli, unlike 
neuroticism, which refers only to sensitivity to negative stimuli 
(Zobel et al., 2004). Consistent with the theories, brain research 
found that SPS is correlated with stronger reactions to positive 
images than to negative images (Pluess and Belsky, 2013; Acevedo 
et al., 2014), while neuroticism is associated with greater sustained 
medial prefrontal cortex for sad facial expressions, but not for 
happy or fearful facial expressions (Haas et al., 2008).

To address whether SPS is nothing more than neuroticism, 
we  meta-analyzed all the relevant correlations with a random 
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model (Borenstein et al., 2021). However, several correlations were 
reported by the same author. To account for the nesting of some 
correlations within an author, we used a three-level meta-analysis 
(Van den Noortgate et al., 2013) available in the metafor package 
(Viechtbauer, 2010) in R (R Core Team, 2018). The mean-
weighted correlation of SPS with neuroticism was r  = 0.47, 
k = 21, N = 8,494 (see Supplementary Figure S1 in Section A). Our 
results are consistent with a meta-analysis conducted by Lionetti 
et al. (2019), r  = 0.40, k = 8, N = 6,790. In addition, a subsample 
of the studies in this meta-analysis, k = 11, N = 6,519, also reported 
correlations with SPS subscales and indicated that neuroticism 
correlates with Low Sensory Threshold, r  = 0.30, Ease of 
Excitation, r  =0.52, but barely with Aesthetic Sensitivity, r  =0.12 
(see Supplementary Figures S2, S3, and S4 in Section A). None of 
the analyses suggested that SPS and neuroticism are isomorphic. 
We sought to replicate these findings and test the correlations of 
SP components with neuroticism in data we collected to better 
understand the differences and similarities among SPS and 
ASP items.

Trait anxiety and trait social anxiety

HSPs were hypothesized to be at risk for adverse emotional 
and psychological outcomes (Aron and Aron, 1997). Indeed, SPS 
is correlated with anxiety (Liss et  al., 2005, 2008; Bakker and 
Moulding, 2012; Brindle et al., 2015), social anxiety (Liss et al., 
2005; Hofmann and Bitran, 2007; Liss et al., 2008; Bakker and 
Moulding, 2012), limitations in communication (Liss et al., 2008), 
and social phobia (Neal et al., 2002). Thus, we anticipate that trait 
anxiety and trait-social anxiety will also be positively correlated 
with subscales of SPS and SP related to sensitivity to negative 
stimuli (SPS: Ease of Excitation, Low Sensory Threshold, SP: 
Sensory Sensitivity, Sensory Avoiding, Low Registration). 
Nevertheless, given that sensory sensitivity applies to all kinds of 
stimuli, rather than mostly-anxious stimuli, we expect to find 
divergence between these concepts.

Shyness and introversion

The over-arousal characterizing HSPs’ reaction to stimuli was 
theorized to lead to inhibition and social withdrawal (Aron and 
Aron, 1997; Aron et al., 2005). Social withdrawal and inhibition 
are social strategies mostly related to introversion (Eysenck, 1957; 
Eysenck, 1981) and shyness (Asendorpf, 1990; Kagan, 2001). 
Therefore, Aron and Aron (1997) argued that HSPs might 
be perceived as introverts or shy. Note that one of the HSPS scales 
contains an item about shyness: “When you  were a child did 
parents or teachers seem to see you  as sensitive or shy?.” Not 
surprisingly, Aron et  al. (2005) found positive correlations 
between shyness and SPS; r = 0.20, p < 0.001; r = 0.26, p < 0.001.

We meta-analyzed the relevant correlations we  could find 
regarding introversion and SPS with a random model (Jerome and 

Liss, 2005; Levit-Binnun et al., 2014; Meredith et al., 2016) and 
found a positive correlation; r  = 0.23, k = 21, N = 7,989 (see 
Supplementary Figure S5 in Section B). This result suggests that 
introversion is different from SPS. Therefore, we  sought to 
replicate these findings and test the correlations of SPS and SP 
components with introversion and shyness.

ADHD

Both ADHD and SPS are often associated with unusual 
responses to sensory stimulations and include elements of 
emotional sensitivity, over-reactivity, and experiencing others’ 
emotions as heightened (Aron and Aron, 1997; Maté, 2000; 
Friedman et al., 2003; Jensen and Rosen, 2004; Robbins, 2005; 
Aron, 2010; Aron et al., 2012; Acevedo et al., 2014; Sanz-Cervera 
et al., 2017; Little et al., 2018). Moreover, SPS may also be related 
to inattention, a main symptom of ADHD, due to HSPs’ tendency 
to experience over-arousal, pay attention to subtleties and nuances 
and be reactive to emotional stimuli (Aron et al., 2012; Jagiellowicz 
et al., 2016).

On the other hand, ADHD also presents elements diverging 
from SPS, such as deficits in response inhibition (Crosbie et al., 
2013; Polner et al., 2015), hyperactivity, and impulsivity (Stormont, 
1998, 2001; Uekermann et al., 2010; Chamberlain et al., 2017), 
seeking self-stimulation (Gaub and Carlson, 1997; Stormont, 
1998, 2001; Hodgens et al., 2000; Wheeler Maedgen and Carlson, 
2000; Robbins, 2005; Solden, 2012), reduced empathy (Uekermann 
et al., 2010), and reduced ability to recognize emotions (Jensen 
and Rosen, 2004).

Panagiotidi et al. (2020) found a positive correlation between 
ADHD and SPS; r (274) = 0.42, p  < 0.001, and revealed, by 
exploratory factor analysis, two factors of ADHD, while one of 
them also contains all items of HSPS, suggesting that ADHD 
symptomatology may include elements of SPS, without this 
implying unity. We sought to replicate this finding and test the 
correlations of SPS and SP components with ADHD.

Trait mindfulness

Both SPS and mindfulness are related to sensitivity to 
environmental and internal sensations. However, the SPS’s 
sensitivity to subtle stimuli is coupled with an unpleasant 
experience of overstimulation (Aron and Aron, 1997). In contrast, 
in mindfulness, the awareness of subtle stimuli is purposeful and 
nonjudgmental (Kabat-Zinn, 2003). Thus, it is not surprising that, 
unlike SPS, mindfulness correlates negatively with trait anxiety 
(Miller et al., 1995; Weinstein et al., 2009; Barnhofer et al., 2011). 
Moreover, SPS was negatively correlated with mindful attention, 
awareness, and acceptance (Bakker and Moulding, 2012). 
Consequently, we predict that SPS would also correlate negatively 
with trait mindfulness. Yet, only the subscales pertaining to 
negative experiences should show this pattern.
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Family environment and attachment 
style

Aron et  al. (2005, 2010) argued that HSPs are prone to 
negative emotional outcomes, such as anxiety, only if they 
experienced a poor-family environment. They found that HSPs 
who recalled a troubled childhood were more introverted and 
emotional (Aron and Aron, 1997). Nevertheless, Meyer and 
Carver (2000) failed to find a significant interaction between 
negative childhood memories and SPS in predicting features of 
avoidant personality disorder. Moreover, Liss et al. (2005) found 
that SPS is an independent risk factor for experiencing 
psychological distress (depression and anxiety) above and beyond 
parental experiences. But still, an interaction was found between 
SPS and parental care when measuring depression (Liss et al., 
2005). Although this last paper does not fully support Aron et al. 
(2005, 2010), it still suggests that HSPs may be more sensitive to 
poor parenting than people low in SPS. Therefore, we explore 
whether the Perceived Social-Support of the entire family (PSS-Fa; 
Procidano and Heller, 1983), specifically in childhood (up to the 
age of 18), is associated with SPS and whether it moderates the 
association of SPS with neuroticism.

An extension of the view that SPS is linked to childhood 
experiences can also be assessed with attachment styles (Jerome 
and Liss, 2005; Levit-Binnun et al., 2014; Meredith et al., 2016). 
We meta-analyzed the correlations found in these papers with a 
random model. The mean-weighted correlation of Sensory 
Sensitivity with Attachment Anxiety was r  = 0.28, k = 3, N = 443, 
and with Attachment Avoidance was r  = 0.18, k = 2, N = 310 
(Levit-Binnun et  al., 2014; Meredith et  al., 2016). Sensory 
Avoidance was related to Attachment Anxiety; r  = 0.29, k = 2, 
N = 310, and Attachment Avoidance; r  = 0.21, k = 3, N = 443. Low 
Registration was related to Attachment Anxiety; r  = 0.23, k = 3, 
N = 443. Moreover, Sensory Seeking is generally reported as related 
to Secure attachment (Jerome and Liss, 2005; Levit-Binnun et al., 
2014; Meredith et al., 2016). Indeed, Levit-Binnun et al. (2014; N 
= 194) reported significant negative correlations of Sensory Seeking 
with both Attachment anxiety (r = −0.13, p > 0.05) and Attachment 
Avoidance (r = −0.24, p < 0.001). Regarding SPS, it was reported to 
have a significant positive correlation with Attachment Anxiety 
(Meredith et  al., 2016; N = 116, r = 0.23, p < 0.05), and with an 
attachment subscale of Feeling Upset and Misunderstood by Parents 
(Meyer et al., 2005; N = 156, r = 0.30 p < 0.01). Therefore, we sought 
to determine whether attachment styles are correlated with 
sensory sensitivity and moderate the association between SPS 
and neuroticism.

Overview

We set to address four questions: (a) What are the dimensions 
underlying the measures of SPS and SP? (b) To what degree do 
these measures and their dimensions converge? (c) Can divergent 
validity of SPS and SP be  established when correlated with 

neuroticism and other candidate constructs? (d) Is it possible to 
offer a short and reliable version for measuring SPS and SP? To test 
our questions, we collected two samples. In the second sample, 
we measured the HSPS, ASP, Big 5, Shyness, ADHD, trait anxiety, 
trait social anxiety, trait mindfulness, family environment, and 
attachment style. We  obtained ethical approval from our 
University’s Ethics Committee for collecting both samples and 
obtained informed consent from all participants. In one sample, 
we  measured the HSPS, ASP, three items of neuroticism, and 
membership in the HSPs Facebook group. 

Next, we  combined both samples and explored the 
dimensionality of their items with exploratory graph analysis 
(EGA; Golino and Epskamp, 2017; Golino et al., 2020b). Based on 
the EGA, we  removed items showing poor item stability and 
constructed new sub-scales reflecting various aspects of sensory 
sensitivity based on the stable items. Armed with these new scales, 
we tested the divergent validity of SPS and SP from neuroticism 
and other scales.

Materials and methods

Participants and procedure

We collected two samples of Israeli participants that were 
asked to participate in a study designed to learn about highly 
sensitive people. We provided all the participants with a link to a 
Qualtrics survey and asked them to fill out the HSPS, the ASP 
measure, the neuroticism measure, and a few demographic 
questions (see Figure 1). In the first sample, we recruited 1,340 
students and volunteers. In the second sample, we recruited 490 
first-year undergraduate students to participate in a laboratory 
experiment. Students participated in exchange for course credit. 
The experiment is not completed yet, and we extracted personality 
data collected before participating in the experiment. Of these, 
128 (7%) had three or more missing items in any of the HSPS, 
ASP, or Neuroticism items. We deleted these participants’ data and 
imputed missing data on HSPS and ASP, with mean substitution, 
for those with one (138) or two missing items (34).

The respondents in the combined sample, N = 1,702, include 
1,147 first-year undergraduate students and 555 volunteers, 
Mage = 26.9 (66.7% female). The students participated in the study 
in exchange for course credit. The volunteers were recruited with 
snowball sampling via Facebook. A request to volunteer for this 
study was shared on several Facebook Groups (with the consent 
of the groups’ managers). Importantly, one Facebook Group that 
yielded 187 responses was a group of Highly Sensitive People in 
Israel.1

1 This research was not preregistered.

All the data and R codes are available at: https://osf.io/783jb/?view_only

=b761ecd3badd49fb97f4ed786ed0b25d.
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Measures

We translated all the questionnaires to Hebrew and had a 
graduate student back-translated the items to English. Based on 
the back translation, the authors resolved minor discrepancies. To 
increase the validity of all scales, we  presented all items on 
11-point scales ranging from 0 = Not true at all to 10 = Very true, 
as more points on the scale enhance validity (Aguinis et al., 2009). 
Using 11-point scales has the drawback of not allowing 
comparison of the means in our study to the means of the 
measures reported by others. However, 11-point scales can 
increase the observed correlations among all items and reveal 
stronger correlations between SPS, SP, and all the constructs 
threatening their divergent validity. Thus, we used 11-point scales 
to provide the most rigorous divergent-validity tests.

Highly sensitive person
We used the 27-items HSP Scale (HSPS; Aron and Aron, 1997). 

The HSPS is reliable and widely used in HSPs studies (Aron and 
Aron, 1997; Meyer et al., 2005; Benham, 2006; Hofmann and Bitran, 
2007; Jagiellowicz et al., 2010; Aron et al., 2012; Acevedo et al., 2014).

Adolescent adult sensory profile
We used the 60-item ASP scale (Brown and Dunn, 2002), 

based on Dunn (1997) Model of Sensory Processing. The ASP 
scale includes 15 items for each of the four sensory profiles and is 
widely used in adult sensory studies (Brown et al., 2001; Brown 
and Dunn, 2002; Pohl et al., 2003; Chung, 2006; Engel-Yeger, 2012; 
Üçgül et al., 2017).

Neuroticism
In Sample 1, we used a 3-item neuroticism scale by Aron and 

Aron (1997), as was done in some SPS studies (Aron and Aron, 
1997; Aron et al., 2005, 2010; Andresen et al., 2017). The items 
were “Are you  a tense or worried person by nature?,” “Are 
you  prone to fears?” and “Are you  prone to depression?.” In 
Sample 2, we used the Big Five (see below).

Trait anxiety
We used 20 items regarding trait anxiety from the State–Trait 

Anxiety Inventory (STAI; Spielberger, 1983), widely used for 
assessing trait anxiety (Sesti, 2000).

Trait-social anxiety
We used the 20-item Social Interaction Anxiety Scale (SIAS; 

Mattick and Clarke, 1998). SIAS is a reliable measure of adults’ 
trait-social anxiety (Mattick and Clarke, 1998; Osman et al., 1998; 
Fergus et al., 2012; Le Blanc et al., 2014).

Shyness
We used the 20-item Shyness Scale (Cheek and Melchior, 

1985), a validated measure of shyness (Melchior and Cheek, 1990; 
Cheek and Krasnoperova, 1999).

Big-five
We used the 44-item Big-Five Inventory (BFI; John and 

Srivastava, 1999). The BFI contains five scales for the five-trait 
model: Neuroticism, Extraversion, Openness, Agreeableness, and 
Conscientiousness. BFI scales include 8–10 items each and are 

FIGURE 1

Flowchart of number of participants.
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reported to have high internal consistency reliabilities (John et al., 
1991, 2008).

ADHD
We used the 20-item Barkely Deficit in Executive Function 

Scale–Short Form (BDEFS-SF; Barkely, 2011) and the 6-item 
Adult ADHD Self-Report Screening Scale for DSM-5 (ASRS-5; 
Ustun et  al., 2017). Previous studies demonstrated excellent 
internal consistency for BDEFS-SF (Barkley, 2011; Flannery et al., 
2017; Lace et al., 2020) and excellent psychometric properties for 
DSM-5’s Self-Report Screening Scale (sensitivity, 91.4%; 
specificity, 96.0%; AUC, 0.94; Somma et al., 2021). We used these 
instruments because ADHD is often under-identified in the adult 
population (Wender et al., 2001; Biederman et al., 2004).

Trait mindfulness
We used the 15-item Mindful Attention Awareness Scale 

(MAAS; Brown and Ryan, 2003) to assess dispositional 
mindfulness. MAAS has been validated for use with adults, and 
its internal consistency levels were found to be acceptable (Brown 
and Ryan, 2003; Carlson and Brown, 2005; MacKillop and 
Anderson, 2007; McCracken and Zhao-O’Brien, 2010; Catak, 
2012; Deng et al., 2012).

Family-support
We used the Perceived Social Support–Family Scale (PSS-Fa; 

Procidano and Heller, 1983). Participants were asked to answer 
this measurement regarding their childhood (up to the age of 18).

Attachment styles
We used A Brief Version of the Experiences in Close 

Relationships Scale (ECR-12; Lafontaine et al., 2016).

Analysis

Typically, researchers use exploratory factor analysis, or multi-
dimensional scaling, to uncover the factorial structure of items of 
questionnaires. However, these techniques are less accurate and 
informative than the relatively new exploratory graph analysis 
(EGA; Golino and Epskamp, 2017; Golino et al., 2020b).2 First, 
EGA is more likely to uncover the correct number of factors 
underlying the data. In EGA, the factors are called communities. 
Second, EGA estimates its solution’s stability concerning the 
number of communities and the allocation of each item into a 
community. This feature allows the identification of unstable items 

2 We also performed three different matrix-reduction techniques: 

principal components analysis (PCA), multiple-dimension scaling (MDS), 

and network analysis. Given the advantages of EGA in identifying empirical 

dimensions in multidimensional data, in this paper, we present only the 

EGA, and the three matrix-reduction analyses presented in supplementary 

material (see Supplemental Material Section C).

that could be discarded from final analyses (conceptually similar 
to items loaded on multiple factors). Discarding unstable items 
makes the differences between the subscales stronger, but more 
accurate, and may provide shorter measurements. This is suitable 
for both ASP and HSPS because previous studies of these 
measurements reflect more than a single factor. Last, EGA 
provides a graphical output showing the degree of (dis)similarity 
between the communities and the items within them.

Technically, we bootstrapped our results over 500 samples 
using the bootEGA function in the EGAnet package in R (v.0.9.5; 
Golino et al., 2020a; Christensen and Golino, 2021). We used EGA 
to uncover the data structure via a network graph without 
assuming a simple structure (exploratory factor analysis seeks a 
solution with a simple structure). This approach is suited to test 
empirical dimensions in multi-dimensional data, and thus can test 
SP theory of two underlying dimensions, and may help solve the 
debate regarding the convergence, or divergence, of the constructs 
of SPS and SP. Based on EGA results, we constructed sub-scales of 
HSPS and ASP, computed their correlations with each other and 
the measured traits, and used them all to predict belonging to the 
HSP-Facebook group, using logistic regression.

The EGA bootstrapping provides information about the likely 
true number of communities (factors) underlying the data and the 
stability of the items (the percent of the time that a given item 
appears in the same community across the samples). The best 
estimate of the number of communities is the median across 
bootstrapped samples, as used here. As per item stability, it is 
recommended to retain items with stability between 0.65 and 0.75 
(Christensen and Golino, 2021). Our first EGA yielded many 
items with lower stability. Therefore, we discarded unstable items 
with three iterations. First, we ran EGA on all items and discarded 
those with stability below 0.55; next, we  re-ran EGA on the 
surviving items and discarded those with stability below 0.65; and, 
finally, we re-ran EGA once more without items with stability 
below 0.75.

Results

To facilitate the interpretation of our results and comparison 
to past findings, we labeled each of the 60 ASP items based on 
their original classification into four profiles (Ss, SA, LR, and Se), 
and the 27 HSPS items based on the prior factor analyses (EOE, 
AES, and LST). We  subjected these items to EGA with 500 
parametric bootstraps and plotted the median solution, containing 
only the stable items that belonged to only one community (see 
Table 1). In the first run, the bootstrapping indicated that four to 
eight communities might underlie the data with a median of six 
(40.2% of the samples). It also indicated that 22 of the 87 items had 
stability below 0.55. After dropping these items, the bootstrapping 
indicated that four to seven communities might underlie the data 
with a median of six (94% of the samples). Still, two items had 
stability below 0.65. We dropped these two items. Without these, 
the bootstrapping indicated the same number of communities 
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TABLE 1 (Continued)

LR23 0.01 0.05 0.00 0.00 0.24 −0.07

LR36 0.03 0.04 0.00 0.00 0.25 −0.01

LR39 0.03 0.05 −0.01 −0.00 0.22 −0.04

LR55 0.02 0.03 0.00 0.07 0.26 −0.03

LR12 0.03 0.08 0.02 0.02 0.19 −0.00

LR37 0.04 0.05 0.01 0.01 0.21 0.00

AES2 0.01 0.00 0.04 −0.00 −0.08 0.20

AES15 0.02 −0.00 0.02 0.00 −0.02 0.20

AES22 0.07 0.00 0.06 0.00 −0.03 0.27

AES10 0.11 −0.00 0.05 0.00 −0.00 0.26

AES8 0.02 −0.00 0.07 0.00 0.00 0.19

N = 1, 232. HSPS, highly sensitive person scale; EOE, ease of excitation; AES, aesthetic 
sensitivity; LST, low sensory threshold; ASP, adolescent adult sensory profile scale; Ss, 
sensory sensitivity; SA, sensory avoiding; Se, sensation seeking; LR, low registration. The 
loadings of each factor are printed in bold. 

with a median of six (92% of the samples). Still, three items had 
stability below 0.75. After dropping these three items, the 
conclusion did not change with a median of six communities (89% 
of the samples; median CI [5.32, 6.68]). All the remaining 60 items 
have good stability (see Figure 2). Figure 3 shows the network of 
the SPS and SP items and their underlying six communities: two 
containing HSPS items and four ASP items. Thus, the EGA 
differentiates clearly between HSPS and ASP.

Although eliminating unstable items would seem to make the 
differences between all subscales of HSPS and ASP stronger, EGA 
provided communities containing mixed subscales. Regarding the 
HSPS communities, the EGA suggested a clear separation of the 
Aesthetic Sensitivity items but an inconclusive division between 
Low Sensory Threshold and Ease of Excitation. Regarding the ASP, 
the EGA differentiated the Sensation Seeking and the Low 
Registration items but did not differentiate between Sensory 
Avoiding and Sensory Sensitivity. This finding is similar to the 
results reported by Brown et al. (2001). There was no evidence for 
differentiation between the Sensory Avoiding and Sensory 
Sensitivity profiles. Instead, our results suggest that the items of the 
Sensory Sensitivity and Sensory Avoiding subscales are divided by 
auditory versus non-auditory sensitivity.

Short scales for HSPS and ASP

Based on the EGA, we  constructed new short scales and 
subscales: A total HSPS 23-item scale, α = 0.92, AES with five items, 
α = 0.72, EOE and LST subscale with 18 items, α = 0.92, a total 
ASP 35-item scale, Se with 10 items, α = 0.68, LR with seven items, 
α = 0.72, non-auditory Ss-SA with 12 items, α = 0.75, auditory 
Ss-SA with six items, α = 0.84 (see Supplementary Appendix A).

We subjected the above new scales and subscales to item-
response theory (IRT) analyses using the ltm package in R 
(Rizopoulos, 2006). IRT analyses might help to offer even shorter 
scales/subscales. We ordered the items based on the amount of 

TABLE 1 EGA loadings table of the six HSPS and ASP sub-scales 
(without the unstable items).

Item X1 X2 X3 X4 X5 X6

Se17 0.19 −0.01 −0.01 −0.01 0.02 −0.00

Se19 0.18 −0.01 0.00 −0.00 0.00 0.02

Se58 0.26 −0.02 −0.01 −0.04 0.00 0.04

Se47 0.17 0.00 −0.05 0.00 0.01 0.02

Se50 0.16 0.00 0.00 0.02 0.04 0.05

Se10 0.26 −0.01 0.00 0.01 0.00 0.09

Se14 0.18 −0.01 −0.02 0.00 −0.00 0.00

Se30 0.18 −0.04 0.00 0.00 0.03 0.01

Se28 0.11 −0.05 0.00 0.00 0.00 0.01

Se32 0.11 0.01 −0.00 −0.00 0.06 0.01

SA1 −0.01 0.12 0.03 0.04 0.01 0.00

Ss33 0.01 0.14 0.04 0.06 0.01 0.00

SA35 −0.03 0.21 0.04 0.04 0.01 0.01

SA38 −0.03 0.20 0.03 0.06 0.03 0.00

Ss7 −0.00 0.11 0.01 0.02 0.01 −0.00

SA5 −0.02 0.17 0.02 0.00 0.01 −0.02

Ss34 0.00 0.19 0.00 0.00 0.03 −0.00

SA29 −0.00 0.14 0.01 0.04 0.01 −0.00

Ss31 0.01 0.07 0.02 0.03 0.01 0.00

Ss27 −0.07 0.13 0.00 0.01 0.01 −0.00

SA18 −0.02 0.12 0.01 0.04 0.07 −0.00

LR6 0.00 0.13 0.02 0.01 0.09 −0.00

Ss13 −0.01 0.12 0.00 0.04 0.07 −0.00

SA11 −0.00 0.15 0.01 0.01 0.08 −0.00

EOE4 −0.00 0.03 0.15 0.00 −0.00 0.01

AES5 −0.00 0.01 0.21 0.00 0.00 0.01

SPS_11 0.00 0.03 0.19 0.01 0.02 0.07

EOE13 −0.00 0.01 0.20 0.01 0.01 0.01

EOE14 −0.00 0.00 0.22 0.02 0.00 0.00

EOE16 −0.00 0.00 0.26 0.01 0.00 0.00

EOE20 0.01 0.01 0.13 0.05 0.00 0.01

EOE21 −0.01 0.01 0.19 0.00 0.00 0.02

EOE23 −0.01 0.02 0.26 0.04 0.01 0.00

LST25 −0.00 0.02 0.25 0.06 −0.00 0.02

EOE27 −0.02 0.00 0.10 0.00 0.00 0.01

LST9 −0.01 0.00 0.17 0.06 0.00 0.03

EOE26 −0.05 0.04 0.17 0.01 0.02 0.00

LST19 −0.01 0.04 0.19 0.05 0.01 0.03

LST7 0.00 0.07 0.20 0.01 0.00 0.07

LST6 0.00 0.02 0.09 0.01 0.01 0.01

EOE3 0.00 0.00 0.19 0.02 0.00 0.08

SPS_1 0.01 0.00 0.15 0.04 0.00 0.08

SA26 0.01 0.01 0.03 0.21 0.00 0.01

Ss54 0.00 0.02 0.09 0.28 0.03 0.00

Ss60 −0.00 0.01 0.03 0.27 0.01 0.00

SA56 0.01 0.05 0.00 0.27 0.01 0.00

SA53 −0.00 0.08 0.02 0.22 0.04 0.00

SA57 −0.05 0.12 0.06 0.25 0.01 0.00

LR3 0.00 0.04 −0.00 0.00 0.15 −0.05

(Continued)
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information each item contained in the entire item range. Next, 
we  constructed one-item subscales based on the item with the 
highest information and added items one at a time until we obtained 
Cronbach’s α of 0.90 or ran out of items. We found that reducing the 
18 EOE and LST items to nine still retains α of 0.90. No other 
subscale could be improved. Therefore, we used the short EOE and 
LST to construct a short total HSPS 14-item scale, α = 0.90. For 
items composing the short scales, see Supplementary Appendix A.3

When items are complex (or unstable), it could be  either 
because they genuinely share cross-domain variance or have poor 
psychometric properties. One way to tease these possibilities is to 
inspect the scale’s internal consistency. The full 27-item HSPS 
scale has identical Cronbach’s alpha to the 23-item version based 
on the EGA (both are 0.92). Thus, the four items are redundant. 
Moreover, Cronbach’s alpha of the 14-item scale we propose is 
0.90, which is pretty good on its own, and demonstrates that the 
unstable items do not particularly contribute to the measurement 
of HSPS. Yet, the remainder of our analyses used the 18-item EOE 
and LST to benefit from its slightly improved reliability, α = 0.92 
(see Supplementary Appendix B).

Interestingly, a short 12-item version was already suggested 
for the 27-items HSPS (Aron and Aron, 1997) and was mentioned 

3 IRT dropped only 9 items from the EOE & LST subscale (1, 3, 4, 5, 6, 

13, 20, 26, 27).

in passing by Aron and Aron (2018). Past applications of that 
short version (Pluess, 2015; Pluess and Boniwell, 2015) yielded 
α’s = 0.85. We compared this 12-item scale to the 14-item scale 
developed here. Nine items were identical, while our reliance on 
the item information replaced three items.4

Divergent validity for the HSPS and ASP

To test the divergent validity of the HSPS and ASP, we first 
considered Sample 1. We  correlated the HSPS and ASP with 
neuroticism, age, gender, and membership in the HSP Facebook 
group (yes/ no). We also controlled (covaried out) neuroticism 
from age, gender, and HSP-Facebook-group membership. For 
predicting neuroticism and age, we used multiple regression, and 
for Facebook membership and gender, we used logistic regression.

As shown in Table 2, the disattenuated correlation of HSPS 
and ASP subscales and neuroticism are 0.80 or below. For EOE 
and LST subscale, the disattenuated correlation with neuroticism 
is 0.80, which indicates a marginal problem with divergent validity 
(Rönkkö and Cho, 2020). To further probe the divergent validity 
of HSPS, we regressed the membership in the HSPS Facebook 
group on neuroticism and HSPS (using logistic regression). As 

4 Items 2, 7, 12 were replaced with items 3, 9, 13, 15, and 19.

FIGURE 2

Structural consistency of the six community solution of highly Sensitive person scale (HSPS) and the adolescent adult sensory profile (ASP) items. 
N = 1,702. SPS, items that previous studies did not assign to any subscale of the Highly sensitive person scale; EOE, ease of excitation; AES, 
aesthetic sensitivity; LST, low sensory threshold; SS, sensory sensitivity; SA, sensory avoiding; Se, sensation seeking; LR, low registration.
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FIGURE 3

Network plot of the six community solution of highly sensitive person scale (HSPS) and the adolescent adult sensory profile (ASP) items. N = 1,702. 
EOE, Ease of excitation; AES, aesthetic sensitivity; LST, low sensory threshold; Ss, sensory sensitivity; SA, sensory avoiding; Se, Sensation seeking; 
LR, low registration.

shown in Model 1 in Table 3, the main effect of HSPS on Facebook 
membership is preserved when controlling for both neuroticism 
and ASP. Specifically, for every increase in one unit on HSPS, the 
likelihood of belonging to the HSP Facebook group increases by 
OR = 4.03, p < 0.001, controlling for the other predictors. Model 
2 in Table 3 shows that both HSPS subscales predict membership 
in the HSP Facebook group controlling for neuroticism. Finally, 
when controlling for neuroticism, Model 3 in Table 3 shows that 
both the non-auditory and auditory ASP subscales are positively 
related to the likelihood of membership in the HSP Facebook 
group and that the LR scale is negatively related to it. Yet, the 
effects of the ASP subscales, controlling for neuroticism, are weak 
relative to the effects of the total HSPS scale, consistent with the 
low correlations of Se and LR with neuroticism (Table 2).

Next, we tested the divergence of HSPS from neuroticism in 
Sample 2, where the measure of neuroticism was based on the Big 
Five rather than on the three items employed in Sample 1. As 
shown in Table 4,5 the disattenuated correlations of HSPS and ASP 
subscales with neuroticism are 0.66 or below. And specifically for 
the HSPS subscales, the disattenuated correlation of neuroticism 
with EOE and LST is 0.66, and 0.06 with AES. Thus, it is not 

5 For the analyses in Table 4, we did not impute missing data. We used 

pair-wise deletion in the correlation matrix to obtain maximum power for 

each test.

surprising that EOE and LST, like neuroticism, is mostly related to 
traits involving negative affect (introversion, trait anxiety, trait 
social anxiety, shyness, and ADHD), and AES is mostly related to 
traits involving positive affect (openness, agreeableness, and 
conscientiousness). Nevertheless, note that the disattenuated 
correlation of AES and openness is 0.82, which indicates a marginal 
problem with the divergent validity of AES (Rönkkö and Cho, 
2020). Still, the disattenuated correlation of EOE and LST and 
openness is 0.14. Thus, these results are consistent with our review 
of the constructs and meta-analysis, suggesting divergent validity 
for the HSPS and ASP. They are not measures of neuroticism.

Last, family support, avoidance, and anxious attachment styles 
correlate with most SPS and SP scales in the expected direction 
(Table 4). For example, the more people recall family support from 
their childhood (up to the age of 18), the lower their LR. Of these three 
predictors, the anxious-attachment style is the best predictor of the 
SPS and SP scales, consistent with the theories that they are related to 
anxiety in general. Yet, even the strongest corrected correlation, 0.55, 
between anxious attachment style and EOE and LST, is low enough to 
support their divergent validity. We tested whether any of these three 
scales moderated the association of SPS with neuroticism. Inconsistent 
with previous studies (e.g., Jagiellowicz et  al., 2016), none of the 
interactions were significant, p > 0.05 (see Supplementary Table S7 in 
Section D). Nevertheless, note that previous studies finding an 
interaction had used measures related primarily to much earlier states 
of childhood, relative to up to the age of 18.
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Discussion

We assessed the latent structure of the HSPS and ASP and 
tested their convergence and divergence. The HSPS and ASP were 
rarely considered together, probably because the HSPS emanated 
from research in personality psychology and the ASP from 
occupational therapy. When the latent structures of both HSPS 
and ASP were examined, the structure differed from the respective 
original theories (Brown et al., 2001; Smolewska et al., 2006; Aron 
and Aron, 2010; Booth et al., 2015). First, although the HSPS is 
meant to be an overall measure of SPS and was considered to 
reflect a single factor (Aron and Aron, 1997), previous studies 
suggested three factors (e.g., Smolewska et al., 2006). Thus we used 
EGA that eliminated unstable items that were common across 
communities and found that the structure of HSPS includes two 
communities of EOE and LST and AES. Moreover, some of the 
EOE and LST items loaded on different communities than the 
factors found in past research. Four items did not load on any of 
these (item 12 about conscientiousness and items 17, 18, and 24 
about avoiding unpleasant stimuli).

Second, we  found that ASP’s structure differs from the 
original formulation. The original formulation of ASP suggests 
two axes that create four profiles. However, our data revealed four 
latent communities. Like the original formulation, we found that 
LR and Se are separate sub-constructs but that the original SA 
and Ss subconstructs are indistinguishable empirically. Instead, 
our results suggest two communities divided by sensitivity to 
auditory versus non-auditory stimuli.

Furthermore, The combined analyses of HSPS and ASP suggest 
that the HSPS and ASP share a common variance. The highest 
commonality is between the HSPS sub-scale of EOE and LST and 
the ASP sub-scale of auditory sensitivity (a dissatteunated correlation 
of 0.68). This finding suggests that EOE and LST taps, among other 
things, sensitivity to noise. Nevertheless, although EOE and LST and 
auditory sensitivity share sensitivity to noise, their items diverge in 
intensity. The AES-auditory-sensitivity items refer to being distracted 
by noise. The EOE and LST items refer to overarousal and being 
overwhelmed by noise (and other things). Thus, the EOE and LST 
items reflect intensive-physical reactions (such as rapid heart rate) to 
noise, perhaps reaching transmarginal inhibition (Aron and Aron, 
1997; Belsky and Pluess, 2009).

Thus, HSPS, ASP, and their subscales may be sibling constructs 
(Lawson and Robins, 2021). Sibling constructs share meaningful 
variance but are still distinct. For example, self-esteem and 
grandiose narcissism share positive self-regard but diverge in their 
associations with aggression tendencies. Another challenge for the 
divergent validity of the HSPS subscale of aesthetics is its high 
correlation with the openness measure of the Big 5. Again, these 
constructs may be siblings because the items of the AES reflect 
perceptual sensitivity to details and enjoyment of them. In contrast, 
openness items reflect an interest in arts, curiosity, and imagination, 
but not necessarily perceiving physical subtleties. Future research 
may test the differentiating theoretical mechanism underlying 
HSPS and ASP subscales and the difference between AES 
and openness.T
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Our work addresses the need for subscales in both the HSPS 
and ASP. Whereas total scale scores are helpful for treatment 
evaluations,6 the more fine-grained sub-scales appeared to have 
value in predicting external criteria. For example, each of the 
HSPS sub-scales has a unique explanatory power in predicting the 
HSP Facebook group membership. This finding calls for future 
researchers to identify the different potential mechanisms 
responsible for these distinctions.

Another contribution of our work is demonstrating the utility 
of the relatively new EGA (Golino and Epskamp, 2017; Golino 
et al., 2020b). EGA allowed us to uncover the data structure via a 
network graph without assuming a simple structure. This 
approach helped us address the debate regarding the convergence, 
or divergence, of the constructs of SPS and SP. EGA also helped 
delineate the potential divergence between SPS and SP theories.

Specifically, both HSPS and ASP seem to capture elevated 
sensitivity to stimulations; however, the HSPS seems to capture 
emotional reactions to overstimulation, while the ASP seems to 
capture behavioral reactions to stimulation in general. This 
divergence7 may support the argument that these theories are 
distinguished (Aron, 2011; Levit-Binnun et al., 2014). SPS seems 
to be about a tendency to react emotionally due to a deep depth 
of processing, a great awareness of subtleties, high emotional 
arousal, and empathic abilities (consistent with Aron and Aron, 
1997; Aron et al., 2012; Aron, 2013; Levit-Binnun et al., 2014; 
Homberg et al., 2016). The SP theory, in contrast, seems to capture 
not only tendencies of high sensitivities but also different 

6 The ASP scale is used as a standardized tool to help evaluate sensory 

processing patterns and, if found to be  needed, adjust the proper 

occupational-therapy treatment for difficulties in sensory regulation. The 

HSPS provides a psychological evaluation for SPS and thus assists to 

conduct a proper psychological-treatment for HSPs’ patients.

7 With strongest correlations among HSPS subscales and ASP subscales 

being about 0.70.

tendencies for low sensitivities (the Se and LR subscales). 
Therefore, using HSPS and ASP measures together may reveal the 
consequences of these individual-difference combinations by 
testing interactions between HSPS subscales and ASP subscales 
on various outcomes.

Moreover, we  addressed the potential criticism that both 
HSPS and ASP may be nothing more than neuroticism in two 
ways. First, we ran meta-analyses on existing correlations, and 
second, we included neuroticism in the present study. The meta-
analyses and our study suggested that the correlations between 
HSPS sub-scales and neuroticism are well below 0.70. This figure 
supports the divergent validity of the HSPS, according to several 
proposed criteria of divergent validity (Shaffer et al., 2016; Rönkkö 
and Cho, 2020). Moreover, the HSPS sub-scale of AES is related 
chiefly to traits involving positive affect, especially openness, 
which is negatively correlated with neuroticism. These results are 
consistent with our review, suggesting that while neuroticism 
relates only to sensitivity to negative affect, SPS relates to both 
negative and positive affect sensitivity.

Implications and limitations

This paper has several strengths, including using a relatively 
large sample, a robust method for uncovering the factorial 
structure of SPS and SP (EGA; Golino and Epskamp, 2017; Golino 
et al., 2020b), the test of divergent validity of SPS and SP from 
neuroticism and other scales, and the development of newly 
shortened questionnaires. The theoretical implications of our 
findings are that SPS probes the emotional reactivity to stimulation, 
whereas SP probes the behavioral reactivity to stimulation. This 
distinction helps to understand the different manifestations of 
sensitivity to stimulation. Moreover, our findings inform theory 
concerning the difference between sensation modalities, where 
auditory sensitivity appears relatively independent from 
other modalities.

TABLE 3 Sample 1: Logistic regression predicting membership in HSP facebook group from neuroticism, SPS, and SP scales (model 1), neuroticism 
and SPS subscales (model 2), and neuroticism and SP subscales (model 3).

Model 1 Model 2 Model 3

Predictors OR CI p OR CI p OR CI p

Neuroticism 1.15 [1.03, 1.28] 0.012 1.17 [1.05, 1.31] 0.006 1.54 [1.41, 1.70] <0.001

HSPS 4.03 [3.21, 5.15] <0.001

ASP 0.85 [0.67, 1.07] 0.169

EOE + LST 2.56 [2.10, 3.17] <0.001

Aesthetic 1.54 [1.31, 1.82] <0.001

Non-auditory 1.21 [1.04, 1.40] 0.013

Auditory 1.47 [1.33, 1.63] <0.001

Se 1.02 [0.90, 1.15] 0.791

LR 0.75 [0.66, 0.86] <0.001

N = 1,240. HSPS, highly sensitive person scale; AES, aesthetic sensitivity; EOE and LST, ease of excitation and low sensory threshold; Auditory SA + Ss, sensory sensitivity and sensory 
avoiding items regarding auditory stimuli; Non-auditory SA + Ss, sensory sensitivity and sensory avoiding items regarding non-auditory stimuli; Se, sensation seeking; LR, low 
registration. All predictors are centered. The loadings of each factor are printed in bold.-
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TABLE 4 Descriptive statistics and correlations for Sample 2 variables of HSPS and ASP sub-scales using EGA.

Measure N Mean SD 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

1. Gender

(1 = Female; 

0 = Male)

481 1.66 0.48 (−) 0.19 0.01 0.21 0.02 −0.01 0.15 0.12 0.14 −0.13 0.07 0.12 −0.05 0.01 −0.02 0.02 0.02 −0.03 0.05 0.14 −0.03 0.14

2. Age 481 16.17 16.20 0.08 (−) −0.04 −0.07 −0.04 0.05 0.05 0.07 0.01 0.04 0.02 −0.14 −0.06 −0.05 0.07 0.06 0.12 0.03 0.05 −0.07 −0.08 0.003 0.02

3. HSPS: Total 471 5.38 1.49 0.18** −0.04 (0.89) 0.80 1.09 −0.07 0.13 0.30 0.52 0.59 0.15 −0.07 −0.13 0.28 0.44 0.38 0.39 0.43 0.40 −0.35 −0.01 −0.17 0.51

4. HSPS: AES 471 6.45 1.61 0.01 −0.05 0.61** (0.64) 0.56 0.27 −0.13 −0.07 0.08 0.06 −0.32 0.29 0.42 0.82 −0.07 −0.22 −0.20 0.05 0.07 0.05 0.13 −0.22 0.12

5. HSPS: EOE + LST 471 5.08 1.68 0.20** −0.03 0.98** 0.42** (0.90) −0.14 0.18 0.35 0.56 0.66 0.24 −0.15 −0.24 0.14 0.52 0.48 0.48 0.48 0.44 −0.41 −0.04 −0.14 0.55

7. ASP:Se 480 5.13 1.58 0.02 0.04 −0.05 0.18** −0.11* (0.66) 0.22 −0.20 0.02 −0.21 −0.43 0.19 −0.004 0.49 −0.14 −0.24 −0.24 0.06 0.10 −0.09 0.03 −0.36 0.04

8. ASP:LR 480 2.07 1.53 −0.005 0.04 0.11* −0.09 0.14** 0.15** (0.71) 0.51 0.41 0.32 0.15 −0.28 −0.53 0.03 0.43 0.37 0.33 0.57 0.57 −0.58 −0.27 −0.07 0.38

9. ASP:Non-auditory 

SA + Ss

479 3.38 1.45 0.13** 0.06 0.24** −0.05 0.29** −0.14** 0.37** (0.72) 0.53 0.44 0.30 −0.37 −0.24 −0.21 0.40 0.41 0.39 0.45 0.48 −0.36 −0.16 0.20 0.35

10. ASP:Auditory 

SA + Ss

481 4.00 2.25 0.10* 0.01 0.44** 0.06 0.48** 0.01 0.31** 0.40** (0.80) 0.43 0.24 −0.23 −0.33 0.08 0.38 0.40 0.40 0.46 0.51 −0.44 −0.15 −0.01 0.46

11. Neuroticism 471 4.36 1.67 0.13** 0.03 0.50** 0.04 0.56** −0.15** 0.24** 0.34** 0.35** (0.80) 0.31 −0.50 −0.55 −0.11 0.83 0.58 0.58 0.54 0.48 −0.42 −0.09 0.002 0.54

12. Introversion 471 3.95 1.59 −0.11* 0.02 0.12** −0.22** 0.20** −0.31** 0.11* 0.22** 0.19** 0.24** (0.78) −0.27 −0.35 −0.43 0.48 0.70 0.72 0.25 0.18 −0.19 −0.20 0.34 0.27

13. Agreeableness 471 6.88 1.44 0.06 −0.12** −0.06 0.20** −0.12** 0.14** −0.21** −0.27** −0.18** −0.39** −0.21** (0.77) 0.75 0.22 −0.53 −0.40 −0.41 −0.42 −0.37 0.44 0.40 −0.28 −0.21

14. 

Conscientiousness

471 7.16 1.38 0.09* −0.04 −0.09 0.25** −0.17** −0.002 −0.34** −0.15** −0.22** −0.37** −0.23** 0.49** (0.56) 0.23 −0.74 −0.54 −0.55 −0.66 −0.63 0.58 0.42 −0.11 −0.33

15. Openness 471 6.06 1.52 −0.04 −0.04 0.23** 0.56** 0.11* 0.34** 0.02 −0.15** 0.06 −0.08 −0.33** 0.16** 0.15** (0.73) −0.13 −0.20 −0.21 −0.01 0.09 −0.08 −0.02 −0.11 0.05

16. Trait Anxiety 471 3.22 1.63 0.01 0.06 0.40** −0.06 0.47** −0.11* 0.35** 0.32** 0.33** 0.71** 0.40** −0.44** −0.53** −0.11* (0.92) 0.75 0.76 0.63 0.58 −0.61 −0.33 0.12 0.59

17. Trait Social 

Anxiety

471 3.14 1.75 −0.02 0.06 0.35** −0.17** 0.44** −0.19** 0.30** 0.34** 0.35** 0.50** 0.60** −0.34** −0.39** −0.17** 0.69** (0.93) 0.97 0.56 0.51 −0.56 −0.33 0.23 0.51

18. Shyness 471 3.42 1.83 0.02 0.12* 0.35** −0.15** 0.44** −0.19** 0.27** 0.32** 0.34** 0.50** 0.61** −0.35** −0.40** −0.17** 0.70** 0.90** (0.93) 0.52 0.48 −0.53 −0.32 0.23 0.53

19. ADHD: BDEFS-

SF

480 3.02 1.81 0.02 0.03 0.39** 0.04 0.44** 0.04 0.46** 0.36** 0.40** 0.47** 0.22** −0.36** −0.47** −0.01 0.58** 0.52** 0.48** (0.92) 0.95 −0.59 −0.34 −0.10 0.57

20. ADHD: ASRS5 481 3.29 1.82 −0.03 0.04 0.33** 0.05 0.36** 0.07 0.42** 0.35** 0.39** 0.37** 0.14** −0.28** −0.41** 0.06 0.48** 0.42** 0.40** 0.79** (0.75) −0.61 −0.38 −0.12 0.61

21. Trait 

Mindfulness

471 6.82 1.63 0.05 −0.07 −0.31** 0.04 −0.37** −0.07 −0.46** −0.29** −0.37** −0.36** −0.16** 0.37** 0.41** −0.06 −0.55** −0.51** −0.48** −0.53** −0.50** (0.88) 0.28 −0.04 −0.43

22. Family support 463 7.14 2.14 0.14** −0.08 −0.01 0.10* −0.04 0.02 −0.22** −0.14** −0.13** −0.08 −0.17** 0.34** 0.31** −0.02 −0.31** −0.31** −0.30** −0.32** −0.32** 0.25** (0.94) −0.24 −0.23

23. Avoidant 

Attachment

481 4.75 1.97 −0.02 0.003 −0.13** −0.15** −0.11* −0.25** −0.05 0.15** −0.01 0.002 0.26** −0.21** −0.07 −0.08 0.10* 0.19** 0.19** −0.08 −0.09* −0.03 −0.20** (0.73) −0.21

24. Attachment 

Anxiety

481 4.18 2.34 0.13** 0.02 0.44** 0.09 0.47** 0.03 0.29** 0.27** 0.37** 0.44** 0.22** −0.17** −0.22** 0.04 0.52** 0.45** 0.47** 0.49** 0.48** −0.36** −0.20** −0.16** (0.82)

HSPS: Total , highly sensitive person scale; AES , aesthetic sensitivity; EOE + LST , ease of excitation and low sensory threshold; ASP , adolescent adult sensory profile scale; Se , sensation seeking; LR , low registration; Non-auditory SA + Ss , sensory sensitivity 
and sensory avoiding items regarding non-auditory stimuli; Auditory SA + Ss , sensory sensitivity and sensory avoiding items regarding auditory stimuli. Values in the diagonal are reliabilities. Values above the diagonal are disattenuated correlations. For pairs of 
variables for which reliability is unavailable for both, the cell for the disattenuated correlations is left empty. Disattenuated correlations for which the upper limit of their confidence interval > 0.80 are printed in bold and suggests a marginal problem with 
divergent validity. Disattenuated correlations for which the upper limit of their confidence interval > 0.90 are printed in underscore and bold and suggests a moderate problem with divergent validity. Disattenuated correlations for which the upper limit of their 
confidence interval > 1 are printed in italics, underscore and bold and suggests a severe problem with divergent validity. The scale means are based on item means and not sums. *p < 0.05. **p < 0.01.
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TABLE 5 Descriptive statistics and correlations for study variables of HSPS and ASP sub-scales using EGA.

Measure N Mean SD 1 2 3 4 5 6 7 8 9 10

1. Gender 

(1 = Female; 0 = Male)

1,694 0.67 0.47 (−) 0.24 0.10 0.25 0.12 −0.001 0.01 0.13 0.11

2. Age 1,693 26.9 15.1 0.08** (−) 0.13 0.11 0.13 0.01 −0.10 0.01 0.03 0.09

3. HSPS: Total 1,702 5.77 1.69 0.23** 0.13** (0.92) 0.77 1.07 0.55 −0.05 0.15 0.53 0.66

4. AES 1,702 6.71 1.73 0.08** 0.09** 0.63** (0.72) 0.56 0.27 0.32 −0.16 0.15 0.31

5. EOE + LST 1,702 5.51 1.89 0.24** 0.12** 0.98** 0.46** (0.92) 0.57 −0.13 0.21 0.57 0.68

6. ASP: Total 1,702 3.77 1.03 0.11** 0.01 0.47** 0.21** 0.49** (0.79) 0.46 0.84 0.99 0.86

7. Se 1,702 4.95 1.58 −0.001 −0.08** −0.04 0.23** −0.10** 0.34** (0.68) 0.20 −0.24 −0.08

8. LR 1,702 2.27 1.56 0.01 0.01 0.12** −0.12** 0.17** 0.63** 0.14** (0.72) 0.47 0.33

9. Non-auditory 

SA + Ss

1,702 3.42 1.49 0.12** 0.02 0.44** 0.11** 0.47** 0.76** −0.17** 0.34** (0.75) 0.63

10. Auditory SA + Ss 1,702 4.34 2.35 0.10** 0.08** 0.58** 0.24** 0.60** 0.70** −0.06* 0.26** 0.50** (0.84)

HSPS: Total, highly sensitive person scale; AES, aesthetic sensitivity; EOE + LST, ease of excitation and low sensory threshold; ASP: Total, adolescent adult sensory profile scale; Se, 
sensation seeking; LR, low registration; Auditory SA + Ss, sensory sensitivity and sensory avoiding items regarding auditory stimuli; Non-auditory SA + Ss, sensory sensitivity and sensory 
avoiding items regarding non-auditory stimuli. Values in the diagonal are reliabilities. Values above the diagonal are disattenuated correlations. For pairs of variables for which reliability 
is unavailable for both, the cell for the disattenuated correlations is left empty. Disattenuated correlations for which the upper limit of their confidence interval > 0.80 are printed in bold 
and suggests a marginal problem with divergent validity. Disattenuated correlations for which the upper limit of their confidence interval > 0.90 are printed in underscore and bold and 
suggests a moderate problem with divergent validity. Disattenuated correlations for which the upper limit of their confidence interval > 1 are printed in italics, underscore and bold and 
suggests a severe problem with divergent validity. *p < 0.05. **p < 0.01.

The practical implications of our finding include the 
suggestion that psychologists and occupation therapists working 
with issues of sensory sensitivity may get a fuller clinical picture if 
they use both the ASP and HSPS measures and not one. The 
benefit of using both measures is that they could shed light on 
different aspects of the phenomenon. Another practical 
contribution for therapists and researchers is the potential use of 
the brief measures reported here. The brief versions are 
approximately half the length of existing questionnaires, with 
minor loss in reliability and validity. Moreover, our brief 14-item 
measurement includes proportionally less negatively worded 
items (64%) than the 27-item HSPS (79%). Nevertheless, given the 
relatively large negatively worded ratio, for research purposes, it 
may be desirable to control for associated negative emotions and 
experiences, such as overarousal.

A significant limitation of our work is that the test of divergent 
validity of the self-reported SPS and SP was based on associations 
with other self-reported measures. Future studies may examine 
the psychometric properties of the SPS and SP reports by others 
and consider correlations between self-reported and other-
reported measures. In addition, our criterion of HSP-Facebook-
group membership was based on convenience rather than theory. 
Future studies may test the incremental validity of ASP and HSPS 
against different criteria. For example, one may manipulate 
sensory overload in the laboratory and test its effect on 
physiological indicators of distress. Next, one can test first whether 
EOE and LST moderates the effect of the manipulation. Do those 
high in EOE and LST show more distress following the 
manipulation, and does this moderation cannot be  wholly 
accounted for by neuroticism?

Another limitation pointed out by a reviewer is that our sample 
includes participants who were members of a Facebook group 
dedicated to HSPs. Those participants might have identified 
themselves as HSPs based on taking the SPS scale before participating 
in the study. Therefore, we tested whether this subsample would lead 
to different conclusions than the remaining sample. First, 
we computed Tables 5, 6 only for the HSPs and once for the remaining 
sample. The mean absolute correlation values in these tables were 
similar: 0.32 for the HSPs sample and 0.31 for the remaining sample. 
We also reran the EGA calculations of these two samples. These EGA 
showed some fluctuations from Figures 2, 3, yet the solutions were 
similar. For example, both separated the SPS from the SP items, EOE 
and LST from other subscales, AES from EOE and LST, Se from LR 
and Ss and SA. Therefore, we believe our solution reasonably pertains 
to low and high sensory sensitivity populations. Yet, future research 
may seek to replicate our analyses on a large sample of people seeking 
help for coping with sensory sensitivity. To facilitate such research, 
our Supplementary Material in Section E includes all of the analyses 
on the two sub samples.

Conclusion

We analyzed the structure of measures designed to reflect similar 
constructs: sensory-processing sensitivity (measured by HSPS) and 
sensory thresholds (measured by ASP). Using a relatively large 
sample, we found that the structure of these instruments diverged 
from the original theories and that their subscales showed both some 
convergence and some divergence. Moreover, we have shown that 
some of the variance captured by these subscales cannot be attributed 
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to neuroticism. In addition, we have shown that several subscales 
have differential validities, such that each may contribute to the 
understanding of external criteria. Based on EGA and IRT, we offered 
brief HSPS and ASP questionnaires halving the number of required 
items. In concert, our results can be used as a foundation for merging 
the underlying theories (in occupational therapy and personality 
psychology) and improving the measurement of individual 
differences in sensitivity to sensory stimulation, both for practical and 
research purposes.

Data availability statement

The original contributions presented in the study are included 
in the article/Supplementary material, further inquiries can 
be directed to the corresponding author.

Ethics statement

Ethical review and approval were obtained from the Ethics 
Committee at Hebrew University Business School. Participants 
provided their written informed consent to participate in 
the study.

Author contributions

YT-L wrote the first draft of the manuscript and collected the 
data. All authors performed the statistical analysis and contributed 
to manuscript revision, read, and approved the submitted version.

Funding

This research was funded by the Recanati Fund at the Hebrew 
University Business School and the Israel Science Foundation 
(grant number 928/17) to ANK.

Acknowledgments

The authors thank Malki New and members of ANK’s lab for 
helping recurit volunteers for Sample 1.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fpsyg.2022.1010836/
full#supplementary-material

TABLE 6 Descriptive statistics and correlations for study variables of HSPS and ASP sub-scales using EGA and IRT.

Measure N Mean SD 1 2 3 4 5 6 7 8 9 10

1. Gender 

(1 = Female; 0 = Male)

1,694 −0.33 0.47 (−) 0.23 0.10 0.24 0.12 −0.001 0.01 0.13 0.11

2. Age 1,693 26.95 15.15 0.08** (−) 0.15 0.11 0.14 0.01 −0.10 0.01 0.03 0.09

3. HSPS: Total 1,702 5.94 1.77 0.21** 0.14** (0.88) 0.88 1.07 0.55 −0.02 0.12 0.52 0.66

4. AES 1,702 6.71 1.73 0.08** 0.09** 0.70** (0.72) 0.55 0.27 0.32 −0.16 0.15 0.31

5. EOE + LST 1,702 5.51 2.19 0.23** 0.13** 0.95** 0.44** (0.90) 0.58 −0.16 0.21 0.59 0.70

6. ASP: Total 1,702 3.77 1.03 0.11** 0.01 0.46** 0.21** 0.49** (0.79) 0.46 0.84 0.99 0.86

7. Se 1,702 4.95 1.58 −0.001 −0.08** −0.02 0.23** −0.12** 0.34** (0.68) 0.20 −0.24 −0.08

8. LR 1,702 2.27 1.56 0.01 0.01 0.09** −0.12** 0.17** 0.63** 0.14** (0.72) 0.47 0.33

9. Non-auditory 

SA + Ss

1,702 3.42 1.49 0.12** 0.02 0.42** 0.11** 0.48** 0.76** −0.17** 0.34** (0.75) 0.63

10. Auditory SA + Ss 1,702 4.34 2.35 0.10** 0.08** 0.57** 0.24** 0.61** 0.70** −0.06* 0.26** 0.50** (0.84)

HSPS: Total, highly sensitive person scale; AES, aesthetic sensitivity; EOE + LST, ease of excitation and low sensory threshold; ASP: Total, adolescent adult sensory profile scale; Se, 
sensation seeking; LR, low registration; Non-auditory SA + Ss, sensory sensitivity and sensory avoiding items regarding non-auditory stimuli; Auditory SA + Ss, sensory sensitivity and 
sensory avoiding items regarding auditory stimuli. Values in the diagonal are reliabilities. Values above the diagonal are disattenuated correlations. For pairs of variables for which 
reliability is unavailable for both, the cell for the disattenuated correlations is left empty. Disattenuated correlations for which the upper limit of their confidence interval > 0.80 are printed 
in bold and suggests a marginal problem with divergent validity. Disattenuated correlations for which the upper limit of their confidence interval > 0.90 are printed in underscore and bold 
and suggests a moderate problem with divergent validity. Disattenuated correlations for which the upper limit of their confidence interval > 1 are printed in italics, underscore and bold 
and suggests a severe problem with divergent validity. *p < 0.05; **p < 0.01.
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