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ABSTRACT
The main purpose of the study was the development of the Sensory Processing Sensitivity
Questionnaire (SPSQ), designed to measure Sensory Processing Sensitivity, defined as a person’s sen-
sitivity to subtle stimuli, the depth with which these stimuli are processed, and its impact on emo-
tional reactivity. The item pool generated for the development of the SPSQ consisted of 60 items.
After exploratory factor analysis, 43 items remained, divided into six specific factors: (1) Sensory
Sensitivity to Subtle Internal and External Stimuli, (2) Emotional and Physiological Reactivity, (3)
Sensory Discomfort, (4) Sensory Comfort, (5) Social-Affective Sensitivity, and (6) Esthetic Sensitivity.
Confirmatory factor analysis indicated that a higher-order bi-factor model consisting of two higher-
order factors (a positive and negative dimension), a general sensitivity factor and six specific factors
had the best fit. Strong positive associations were found between Emotional and Physiological
Reactivity, the negative higher-order dimension, and Neuroticism; the same holds for the association
between Esthetic Sensitivity, the positive higher-order dimension, and Openness. Emotional and
Physiological Reactivity and the negative higher-order dimension showed clear associations with clin-
ical outcomes. The relationships between the SPSQ and similar scales – the Highly Sensitive Person
Scale and part of the Adult Temperament Questionnaire – were in the expected direction.
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Introduction

According to Evans and Rothbart (2008, p. 109) the term sensi-
tivity has multiple meanings: “In everyday language, sensitivity
can refer to neuroticism/negative emotionality (‘Don’t be so
sensitive.’), sensitivity concerning the needs of others, sensitivity
related to imagination, aesthetics, and the arts, and general sen-
sory sensitivity.” This description closely resembles the different
meanings the noun ‘sensitivity’ has according to the Cambridge
dictionary of English language: (a) an ability to understand
what other people need, and be helpful and kind to them; (b)
the quality of being easily upset by the things people say or do;
(c) having a strong physical reaction to something; and (d) the
ability to record small changes. In their review article, Aron
et al. (2012) distinguish between four key aspects of a general
trait of (sensory) sensitivity, namely (a) behavioral inhibition,
i.e. being reflective, and taking more time to process sensory
stimuli before taking action; (b) sensitivity to (mostly subtle)
sensory stimuli; (c) depth of processing of sensory stimuli; and
(d) emotional or physiological reactivity. As to the interrelation

between these four characteristics, which according to Aron
et al. are at the core of high sensory processing sensitivity, it is
assumed that being more aware of (subtle) sensory (internal as
well as external) stimuli, being more reflective, and processing
these stimuli more profoundly, (potentially) leads to higher
emotional and physiological reactivity.

In their analysis of adult temperament data, Evans and
Rothbart (2007) made a distinction between sensory discom-
fort (as part of negative affect, reflecting unpleasant affect)
resulting from sensory stimulation (i.e. visual, auditory, tact-
ile, or olfactory-gustatory stimulation), and sensory sensitiv-
ity (also called orienting sensitivity). Within the concept of
sensory (or orienting) sensitivity, they distinguished between
neutral perceptual sensitivity (awareness of low intensity
internal and external stimuli), affective perceptual sensitivity
(awareness of the emotional valence or tone of a broad
range of stimuli such as music, colors, pictures, or facial
expressions), and associative sensitivity (spontaneous
thoughts or images that are not directly triggered by any-
thing happening in the environment). As neutral perceptual
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sensitivity is related to both internal and external stimuli, a
further distinction can be made between a higher awareness
of (or sensitivity to) internal bodily sensations, also called
bodily awareness (Mehling et al., 2009) on the one hand,
and subjective sensitivity to different types of external sen-
sory stimuli such as light, smells, heat, and cold (Dixon
et al., 2016) on the other hand. Furthermore, in addition to
esthetic sensitivity, social sensitivity can be distinguished
within the dimension of affective perceptual sensitivity
(Evans & Rothbart, 2007).

To measure differences in sensory processing sensitivity
(SPS), Aron and Aron constructed the 27-item Highly
Sensitive Person Scale (HSPS); their initial analyses showed
that the items of the HSPS reflect a single factor.
Subsequent studies resulted however in a variety of factor
solutions, ranging from 1 to 5 factors (Konrad & Herzberg,
2017), with the most frequently found solution being a
three-factor structure, consisting of ‘Esthetic Sensitivity’,
‘Low Sensory Threshold’, and ‘Ease of Excitation’
(Smolewska et al., 2006). A comparison of the description of
the concept of SPS by Aron et al. (2012) but also by Evans
and Rothbart (2007), and the content of the HSPS, which
was developed to measure this concept, reveals that the
focus of the HSPS is mainly on the more negative aspects of
SPS, namely the display of strong physiological and emo-
tional responses to high-intensity stimuli and the need to
withdraw when one is confronted with too many stimuli at
the same time. Items related to a higher sensitivity to subtle
stimuli, as well as items reflecting sensitivity to the emo-
tional valence of stimuli are however scarce. In line with
this, Greven et al. (2019) also point out that, with the excep-
tion of the Esthetic Sensitivity dimension, the vast majority
of HSPS items are negatively formulated items, reflecting the
negative consequences of a deeper processing of sensory
stimuli. According to these authors, this implies that the
HSPS is insufficient to cover the various aspects of high sen-
sitivity, especially in people without mental health problems
or psychopathology.

The present study consists of two sub-studies. The aim of
Study 1 (main study) was to develop (step 1) and validate
(step 2) a questionnaire, the Sensory Processing Sensitivity
Questionnaire (SPSQ), that maps not only negative but also
a broad range of positive aspects of Sensory Processing
Sensitivity (SPS). The purpose of Study 2 was to investigate
how the newly developed questionnaire relates to existing
questionnaires that also measure Environmental Sensitivity,
more specifically the Highly Sensitive Person Scale (HSPS)
and (a number of subscales of) the Adult Temperament
Questionnaire (ATQ).

Study 1 (main study)

Step 1: Development of the sensory processing
sensitivity questionnaire (SPSQ): structure and
item generation

When developing the SPSQ, the aim was to measure a
broader spectrum of both positive and negative dimensions
of SPS. Based on the theoretical and empirical literature, the

following dimensions were used as a basis for the develop-
ment of this more comprehensive questionnaire: (1)
Emotional and physiological reactivity, (2) Sensory discom-
fort, (3) Sensitivity to (mostly subtle) sensory stimuli, includ-
ing low intensity internal and external stimuli, (4) Affective
sensitivity consisting of esthetic sensitivity, social-affective
sensitivity, and associative sensitivity, and (5) Sensory com-
fort, the positive counterpart of Sensory Discomfort.

The following dimensions were (hypothetically) consid-
ered to be negative dimensions of high sensitivity:

(1) Emotional and Physiological reactivity
To measure emotional and physiological reactivity, the

eight items with the highest loading on the ‘Ease of
Excitation’ subscale of the Dutch version of the HSPS (De
Gucht, Wilderjans, Garcia, & Maes, manuscript submitted
for publication) were included. An additional, newly formu-
lated item, representing increased susceptibility to stress, was
added (number of items: 9).

(2) Sensory discomfort
Regarding Sensory Discomfort, the six items from the

corresponding subscale of the ATQ (Evans & Rothbart,
2007) were included, together with four items of the HSPS
measuring the dimension Low Sensory Threshold
(Smolewska et al., 2006). (number of items: 10)

The following dimensions were (hypothetically) consid-
ered to be positive dimensions of high sensitivity:

(3) Sensitivity to (subtle) sensory stimuli, consisting of (a)
internal (bodily) stimuli and (b) external stimuli

With respect to (a), sensitivity to internal, bodily stimuli, a
number of questionnaires have been developed that tapped in
a more generic way into different aspects related to awareness
of internal bodily sensations and processes. Two of these
measures were found to have adequate psychometric proper-
ties (see Mehling et al., 2009 for a review), namely the Body
Awareness Questionnaire (Shields et al., 1989) and the Body
Consciousness Scale (Miller et al., 1981). Upon closer inspec-
tion, only the Body Consciousness Scale (Miller et al., 1981),
and more specifically one of its subscales, called ‘Private Body
Consciousness’, concerns subjective awareness of and atten-
tion to normal bodily sensations and changes in bodily states.
As we were primarily interested in a brief measure that
nevertheless adequately covers sensitivity to a number of sub-
tle bodily sensations, we decided to only include this subscale,
consisting of five items in our item pool. Two items from the
Highly Sensitive Person Scale (HSPS) (Aron & Aron, 1997)
concerning sensitivity to pain and to the effects of caffeine,
were also added. (number of items: 7)

Regarding (b), perceptual sensitivity to subtle external
stimuli, a 6-item subscale of the Adult Temperament
Questionnaire (ATQ; Evans & Rothbart, 2007) that specific-
ally focuses on sensitivity to subtle visual, auditory, tactile,
and gustatory-olfactory stimuli was included in the item
pool. In addition, one item from the HSPS (Aron & Aron,
1997), aimed explicitly at awareness of subtleties in the
environment, was also included. Finally, two items from the
Sensory Hypersensitivity Scale developed by Dixon et al.
(2016), measuring sensitivity to heat and cold, were also
included. (number of items: 9)

DIFFERENT FACES OF (HIGH) SENSITIVITY 785



(4) Affective sensitivity, consisting of (a) Esthetic, (b)
Social-affective, and (c) Associative sensitivity.

Regarding (a), Esthetic Sensitivity, the Affective
Sensitivity subscale of the ATQ (Evans & Rothbart, 2007)
consisting of five items, was included, supplemented by four
items of the HSPS (Aron & Aron, 1997) that also pertain to
the dimension of esthetic sensitivity. (number of items: 9)

With respect to (b), Social-affective Sensitivity, the six
items comprised in the corresponding subscale of the ATQ
(Evans & Rothbart, 2007) were included; to this an HSPS
item was added that also measures a social aspect of sensi-
tivity (number of items: 7)

Finally, to cover (c), Associative Sensitivity, two items
from the ATQ (Evans & Rothbart, 2007) were included in
our item pool.

(5) Sensory comfort or pleasure
As the positive counterpart of Sensory Discomfort was

not covered by any of the afore-mentioned questionnaires, a
new scale was developed, focusing on sensory comfort
(pleasure) related to perceptual, esthetic, and social stimuli
(number of items: 7).

The items of the ATQ and HSPS were retrieved from the
validated Dutch version of these questionnaires (Hartman
et al., 2001; De Gucht, Wilderjans, Garcia, & Maes, manu-
script submitted for publication). The items from the Private
Body Consciousness Scale (Miller et al., 1981) and Sensory
Hypersensitivity Scale developed by Dixon et al. (2016),
were translated into Dutch making use of translation and
back translation.

The item pool generated for the development and valid-
ation of the SPSQ ultimately consisted of a total of 60 items.
In the appendix you can find an overview of these items,
the concept they were hypothesized to measure, and the
scale from which the item originated or whether it was a
newly formulated item.

The response categories for answering the different state-
ments were based on the categories used for the HSPS;
respondents had to indicate for each statement to what
extent this statement applied to them on a seven-point scale
(1¼Not at all, … , 7¼Completely).

Step 2: Validation of the sensory processing
sensitivity questionnaire

Methods

In order to validate the newly developed SPSQ, data were
collected in a large sample of the general population. To
examine convergent, discriminant, and concurrent validity, a
number of additional measurement instruments were
included in the study (described under ’measures’).

Subjects
The inclusion criteria for participating in the validation
study were being 18 years of age or older and having a good
command of the Dutch language. The participants were
recruited by means of advertisements on the social media of
two Dutch online magazines and by distributing flyers in

supermarkets, gyms, fitness centers, pharmacies, and general
practices. The information that was included in the flyers and
calls for participation in the study on social media was enti-
tled ‘Sensitive? Quickly aroused? Or not at all?’ and stated
that the purpose of the study was to better understand the
concept of environmental sensitivity and to look at the differ-
ences that exist between people who are more sensitive to
environmental stimuli and those who are less sensitive to
these stimuli. In addition, an interview with the first author
for a Dutch news website (NU.nl), containing a direct link to
the survey, also contributed to data collection. At the time
data were collected, NU.nl was the largest Dutch news website
in terms of audience (Verenigde Internet Exploitanten, n.d.).
It is a general news website that focuses on a wide range of
subjects, namely political and economic news, sports, media
and culture. The interview itself was mainly intended to
explain the concept of Sensory Processing Sensitivity and to
dispel a number of misconceptions on the subject.

After reading the information letter and signing the
informed consent, participants could click a link to the online
survey (Qualtrics). The study protocol was approved by the
ethics committee of the Institute of Psychology of Leiden
University (approval number: CEP17-0523/213). Data are
available from the first author upon reasonable request.

In total 13,158 subjects from the general population
started filling in the questionnaire between March 2018 and
April 2019. Respondents who did not sign the informed
consent, did not complete all the SPSQ items, completed the
questionnaire faster than nine minutes, or had little or no
variation in responses were excluded. The analyses were per-
formed using the remaining 10,291 valid responses. This
number of participants yields an excellent power for con-
ducting the Exploratory Factor Analysis (EFA),
Confirmatory Factor Analysis (CFA) and Structural
Equation Modeling (SEM) analyses (Wolf et al., 2013).
Respondents were on average 41.63 years old (range 18-87;
SD¼ 12.76); 63.3% were female (n¼ 6,515). Detailed demo-
graphic information of the sample is presented in Table 1.

Additional measures
The Big Five Inventory (BFI) was used to measure Big Five
personality dimensions (McCrae & Costa, 1987). The BFI
consists of 44 statements, each one preceded by: “I see myself
as someone who … worries a lot” (Neuroticism), “… is talk-
ative” (Extraversion), “…does a thorough job”
(Conscientiousness), “… is helpful and unselfish with others”
(Agreeableness), and “… likes to reflect, play with ideas”
(Openness). Statements are rated on a scale from 1 (strongly
disagree) to 5 (strongly agree). The Dutch BFI was shown to
have good psychometric properties (Denissen et al., 2008). In
the current sample, Cronbach’s alpha was .85 for
Neuroticism; .81 for Extraversion; .77 for Conscientiousness;
.71 for Agreeableness; and .80 for Openness.

Fatigue was measured using the Multidimensional
Fatigue Inventory (MFI). The MFI is a self-report measure
that consists of five scales, namely General Fatigue, Physical
Fatigue, Reduced Activity, Reduced Motivation and Mental
Fatigue. For the purpose of the study, only the dimension
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General Fatigue, consisting of four items, was used. The
items are scored on a 5-point Likert scale, ranging from
‘yes, that is true’ to ‘no, that is not true’. Validity and reli-
ability of the scale were found to be satisfactory to good
(Smets et al., 1995). Higher scores represent higher fatigue
levels. Cronbach’s alpha was .84 in the present study.

The Patient Health Questionnaire-15 (PHQ-15) was used
to assess the presence and severity of 15 physical complaints
such as stomach pain or dizziness (Kroenke et al., 2002).
Subjects are asked to rate the severity of these symptoms in
the last four weeks using a 3-point Likert scale ranging from
‘not bothered at all’ to ‘bothered a lot’. A higher score is
indicative of more physical complaints. The internal consist-
ency and validity of the PHQ-15 was found to be good
(Kroenke et al., 2002). In the current study, Cronbach’s
alpha was .78.

The Patient Health Questionnaire-9 (PHQ-9) was used to
assess depressive complaints. Each of the nine items of the
PHQ-9 corresponds to one of the diagnostic criteria for
Major Depression according to the DSM-V. Respondents
have to indicate how often, over the past two weeks, they
suffered from each of these depressive symptoms on a 4-
point scale ranging from ’not at all’ to ’almost every day’.
The PHQ-9 is a valid and reliable measure of depression
severity (Kroenke et al., 2001).

Anxiety was measured using the Generalized Anxiety
Disorder �7 (GAD-7), consisting of seven items represent-
ing different symptoms of generalized anxiety. Respondents
have to indicate to what extent they suffered from each of
these symptoms in the past two weeks, using a 4-point scale
ranging from ’not at all’ to ’nearly every day’. The GAD-7
has good validity and reliability (Spitzer et al., 2006). In the
present study, Cronbach’s alpha was .85 for the PHQ-9 and
.89 for the GAD-7.

Statistical analysis
To determine (and confirm) the dimensionality and factorial
structure of the initial SPSQ pool of 60 items, Exploratory
Factor Analysis (EFA) and Confirmatory Factor Analysis

(CFA) were performed respectively. In order to ensure inde-
pendence of the EFA preceding the CFA analysis (e.g. see
Fokkema & Greiff, 2017), the overall sample (N¼ 10,291)
was randomly split in two subsamples, called an exploratory
(n¼ 5,147) and a confirmatory subsample (n¼ 5,144). A
two sample t-test and an (adjusted-Fisher) exact test
(Lydersen et al., 2009), showed that the randomization pro-
cedure was successful for age, t(10,267) ¼ �0.13, p ¼ .90,
and gender (p ¼ .64).

EFA was conducted on the initial item pool, using the
exploratory sample. The number of factors to extract was
determined by Parallel Analysis and Velicer’s MAP test
(Hayton et al., 2004; Horn, 1965). An oblique rotation
method (oblimin) was used to interpret the loadings of the
EFA solution. To investigate the variance of each item
accounted for by the extracted factors, communalities were
inspected. Subsequently, items were omitted if an item dis-
played either (a) low communality (h2i < .20), and (b) one
or more high cross-loadings (> .32), or (c) all (absolute)
loadings under .32 (Tabachnick & Fidell, 2001). Items
were excluded step-by-step and after an item was deleted,
the EFA (with rotation) was refitted to the remain-
ing items.

The factorial structure resulting from the EFA was subse-
quently evaluated by CFA using the confirmatory sample,
fitting a first-order CFA model. In this configuration, the
factors were allowed to correlate as the EFA is based on an
oblique rotation. Two additional nested hierarchical models
were tested: (1) A bifactor model was fit to investigate
whether the latent structure of the SPSQ reflects a general
SPS factor next to the specific factors identified by EFA (see
above), and (2) a higher-order bifactor model consisting of
two higher-order factors representing a positive and negative
dimension of SPS on top of the general SPS factor, and the
specific factors. Furthermore, we calculated Cronbach’s
alphas on the total sample as the measure of internal con-
sistency reliability.

As Mardia’s test (Mardia & Zemroch, 1975) rejected
multivariate normality of the total item set and considering
the ordinal nature of the data, Weighted Least Squares

Table 1. Demographics in the exploratory, confirmatory and total sample.

Sample

Total Exploratory Confirmatory

Variable Response n % n % N %

Gender Male 3,776 36.7 1,877 36.5 1,899 36.9
Female 6,515 63.3 3,270 63.5 3,245 63.1

Living situation Married / living together with partner 6,445 62.6 3,231 62.8 3,214 62.5
Living together with family/friends 1,180 11.5 550 10.7 630 12.2
Living alone 2,666 25.9 1,366 26.5 1,300 25.3

Highest completed education Primary education 90 0.9 51 1.0 39 0.8
Secondary education 2,017 19.6 971 18.9 1,046 20.3
Secondary vocational education 2,114 20.5 1,049 20.4 1,065 20.7
Higher (college or university) education 6,070 59.0 3,076 59.8 2,994 58.2

Employment Yes, full-time 4,143 40.3 2,081 40.4 2,062 40.1
Yes, part-time 3,694 35.9 1,861 36.2 1,833 35.6
No, unemployed 844 8.2 433 8.4 411 8.0
No, retired 439 4.3 214 4.2 225 4.4
No, homemaker 411 4.0 196 3.8 215 4.2
No, student 760 7.4 362 7.0 398 7.7

Total 10,291 100.0 5,147 50.0 5,144 50.0
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Means and Variance adjusted (WLSMV) estimation was
used as the appropriate estimator of the models. A compari-
son between the three models was based on a number of fit
indices. As the v2 goodness-of-fit test and the v2-difference
LR-ratio test are sensitive to sample size (Marsh et al.,
1988), models were also compared on the Comparative Fit
Index (CFI), the Root Mean Square Error of Approximation
(RMSEA) and the Standardized Root Mean Square Residual
(SRMR) as absolute measures of fit. For the incremental fit
index, jDCFIj > .01 was chosen as a marker for a substantial
difference in model fit between the two nested models
(Chen, 2007). The relationships between items and factors
within each model were evaluated by inspecting the sign,
magnitude and statistical significance of the standardized
loadings (k). In the first-order CFA model, this information

was used to investigate the factorial structure obtained with
EFA within the confirmatory sample. The fit and loadings
in the bifactor model were assessed to evaluate whether
items contributed to their specific first-order factor and the
general SPS factor simultaneously. In addition, the higher-
order bifactor model investigated if a distinction can be
made between a positive and negative dimension of SPS
while controlling for a general factor and specific first-
order factors.

Following the confirmatory analysis, the SPSQ (sub)scale
scores were calculated by summing the relevant items. With
respect to discriminant and convergent validity, the correla-
tions of SPSQ (sub)scale scores with the Big Five Personality
factors were computed and inspected in the total sample.
Concurrent validity was established by examining bivariate

Table 2. Standardized loadings and communalities of the exploratory factor analysis on 43 items extracting 6 factors (after oblique rotation) in the exploratory
sample (N¼ 5,147).

Factors

SPSQ Item EPR SD SAS AS SIES SC h2 MSAi
40. I feel quickly rushed when I have to do too much in a short time. .83 -.03 .01 -.02 -.05 .06 .645 .944
3. I get nervous when too much happens at once. .80 .02 .03 .03 -.03 -.07 .664 .946
46. I get upset when people try to make me do too many things at once. .78 .01 -.05 .05 -.03 .10 .629 .944
2. I get easily upset from stressful situations .74 -.07 -.02 .02 .06 -.09 .535 .944
18. I am easily upset by changes in my life. .67 -.01 .00 .00 .14 -.09 .528 .970
19. I am easily bothered by crowds or chaotic situations. .63 .25 .01 .01 .00 -.02 .628 .974
59. I feel uncomfortable when too much is happening around me. .61 .25 .00 .03 .00 -.02 .601 .971
47. I am sensitive to internal physical tension. .50 .01 .12 .03 .24 .03 .488 .976
34. I am easily infected by other people’s moods. .47 .03 .20 -.05 .06 .04 .338 .977
60. When I have to do something competitive, I get so nervous that I perform below my capabilities. .46 .02 .01 .08 .06 -.06 .281 .978
55. I try to arrange my life in such a way that I avoid annoying or overwhelming situations. .39 .04 -.06 .06 .08 .01 .205 .965
33. I find harsh sounds very annoying. .07 .78 .02 -.06 -.08 .10 .613 .937
7. Brightly colored flickering lights are disturbing to me. .01 .72 .06 .04 .00 -.05 .575 .963
42. I am often bothered by too bright light. .00 .71 .00 .04 .11 -.01 .601 .959
9. I don’t like loud music. -.03 .64 .04 -.08 -.08 .00 .357 .924
11. Very bright colors sometimes bother me. -.05 .63 .00 .11 .09 -.13 .484 .956
25. I am easily disturbed by bright light or strong odors. .05 .62 -.01 .12 .19 -.03 .634 .963
48. I am easily bothered by noise. .32 .53 -.01 .00 .04 .06 .578 .970
10. I find certain screeching sounds very annoying. .02 .52 .04 -.01 .05 .04 .323 .967
36. I can usually see when someone masks their feelings with a smile. .00 -.01 .83 -.04 .05 .02 .695 .949
5. It usually strikes me when the tone of a person’s voice does not match his or her words. .01 .03 .74 .02 -.01 -.03 .570 .962
14. Looking into someone’s eyes gives me a good idea whether or not someone is telling the truth. -.05 .00 .69 -.01 .02 .02 .473 .960
21. It usually strikes me when people try to pretend not to be afraid. -.05 .02 .65 .05 .04 -.01 .486 .962
4. Sometimes I notice sad eyes hidden by a smile. .09 .04 .65 .08 -.05 -.07 .498 .967
56. When people feel uncomfortable, I know how to put them at ease. .00 -.04 .55 .04 -.03 .16 .356 .963
49. I sometimes seem to understand things intuitively. .02 .06 .51 .09 .08 .07 .433 .974
50. I have a rich and complex emotional life. .22 -.03 .37 .20 .07 .16 .460 .971
54. I can be very touched by a beautiful work of art. -.01 .05 -.03 .75 -.04 .02 .539 .927
22. I can be emotionally touched by music or art. .14 -.05 .04 .66 .01 .03 .535 .948
51. When I listen to music, I usually notice subtle touching tones in the music. .05 -.07 .11 .57 .13 .03 .499 .959
12. I often notice the emotional side (charge) of paintings and photographs. -.02 .10 .28 .57 -.03 -.09 .571 .959
28. I enjoy subtle smells, flavors, music or art. -.02 .08 -.04 .56 .11 .24 .524 .955
35. I am quickly aware of changes in my body such as my body temperature. .01 .07 .15 -.02 .59 .03 .508 .959
23. I immediately feel when my mouth or throat gets drier. -.02 .03 .03 .10 .52 .08 .375 .953
43. I feel the slightest contraction of hunger in my stomach. .13 .09 -.01 -.08 .49 .10 .327 .966
44. I often feel my heart beating. .13 .03 .00 .05 .46 -.07 .299 .965
24. Also barely visible visual details attract my attention. -.03 .06 .18 .25 .35 -.06 .412 .973
37. I often notice weak odors. -.08 .22 .13 .13 .34 .00 .357 .964
30. I can really enjoy a relaxing activity. -.10 .03 .03 .05 .03 .56 .353 .852
26. I can enjoy humor or laughable situations. -.04 -.05 .04 .07 .05 .47 .264 .865
15. I feel good when I’m with people I love. .06 -.03 .20 -.03 .03 .43 .247 .914
53. Watching a nice movie gives me a good feeling. .12 -.03 .03 .15 .09 .42 .302 .932
6. I find it hard to enjoy small or subtle things. (R) .18 -.06 .04 -.18 .02 -.41 .249 .829
VAF .124 .097 .096 .066 .050 .033
Cumulative VAF .124 .221 .316 .383 .433 .466

Note: Kaiser-Meyer-Olkin (KMO) ¼ .96; Bartlett’s test of sphericity: v2 (903) ¼ 99694.4, p < .001; h2¼ item communality; loadings > .316 in bold; SIES¼ Sensory
Sensitivity to Subtle Internal and External Stimuli, EPR¼ Emotional and Physiological Reactivity, SD¼ Sensory Discomfort, SC¼ Sensory Comfort/Pleasure,
SAS¼ Social-Affective Sensitivity, AS¼ Esthetic Sensitivity; (R) ¼ Reverse worded item; VAF¼ Variance Accounted For; MSAi ¼ Measure of Sample adequacy of
individual items.
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correlations between the SPSQ (sub)scales on the one hand
and a number of clinical variables (measuring fatigue, phys-
ical complaints, depression, and anxiety) on the other hand.
In addition, the proportion of explained variance of these
clinical outcomes by the SPSQ scales was examined by cal-
culating the (multiple) R-squared (R2) based on a series of
regression models. Measurement invariance was tested
across gender, living situation, highest completed education,
and employment status, as metric and scalar equivalence
should be tenable to be able to compare sum scores (Van de
Schoot et al., 2012). A substantial change in model fit was
considered when CFI decreased by more than .010, SRMR
increased by .030 (for metric invariance) or .015 (for scalar
invariance), and RMSEA increased by .015 (Chen, 2007).
Provided that measurement invariance can be established,
the cross-sectional scale scores of the SPSQ were compared
across the measured sociodemographic groups. In accord-
ance with Cohen (1988), we used the R-squared and Eta-
squared as measures of effect size and considered values of
.02, .13 and .26 as ‘small’, ‘medium’ and ‘large’, respectively.

Data analysis was conducted using R version 4.0.2 (R
Core Team, 2020); latent variable modeling/SEM was per-
formed using the package ‘lavaan’ (Rosseel, 2012).

Results

Factor structure of the SPSQ scale
The Kaiser-Meyer-Olkin (KMO) Measure of Sample
Adequacy (MSA) was .96, indicating that it is justified to
perform Exploratory Factor Analysis (Kaiser, 1974). Of the
initial item pool, 17 items were deleted due to low commu-
nalities, weak loadings or high cross-loadings (see the
appendix for details). Parallel analysis on the remaining 43
items indicated a six-factor solution which explained 46.6%
of the total variance (scree-plot presented in the supplement
materials). Velicer’s MAP test indicated a solution with five
factors (MAP ¼ .00592), closely followed by a solution with
six factors (MAP ¼ .00589). Although from a statistical per-
spective both the five- and six-factor solution were accept-
able, the six-factor solution was preferred on substantive
grounds (i.e. factor interpretation)1.

An overview of the standardized loadings, communalities,
and MSA for each item, as well as the Variance Accounted
For (VAF) by each factor of the final EFA solution is pre-
sented in Table 2. Of the eight original dimensions
(described in step 1), only six were retained. In particular,
the items measuring sensitivity to subtle external and
internal sensory stimuli (SES and SIS, see the appendix),
loaded on one factor (instead of two separate factors),
labeled Sensory Sensitivity to Subtle Internal and External
Stimuli (SIES, 6 items); Associative Sensitivity collapsed with
the Social-Affective factor (SAS, 8 items). The remaining
factors were Esthetic Sensitivity (AS, 5 items), Sensory
Discomfort (SD, 8 items), its positive counterpart Sensory
Comfort (SC, 5 items) and Emotional and Physiological
Reactivity (EPR, 11 items).

Confirming the factorial structure with CFA
A correlated six factor structure consisting of 43 items was
evaluated by CFA (see Table 3). The CFI was acceptable,
though at the lower boundaries of adequacy, and both
SRMR (< .08) and RMSEA (< .06) indicated a good model
fit (Hu & Bentler, 1999). All factor loadings were above a
magnitude of .42 and significant. The mean loadings were
highest for SD (k ¼ .74, range ¼ .55-.86), followed by AS
(k ¼ .74, range ¼ .65-.80), SAS (k ¼ .73, range ¼ .65-.80),
EPR (k ¼ .72, range ¼ .47-.84), SIES (k ¼ .61, range ¼ .54-
.69) and SC (jkj ¼ .55, range ¼ .42-.75). The magnitude of
the factor loadings of items adopted from the (translated)
HSPS (k ¼ .73, range ¼ .47-.86) and ATQ (k ¼ .72, range
¼ .55-.82) were similar in strength.

In the bifactor model, the goodness-of-fit decreased
(DCFI¼�.02; DSRMR ¼ .010; DRMSEA ¼ .011) compared
to the 6-factor CFA model. To find out if the SPSQ consists
not only of a general sensitivity factor and specific factors
that each map a different aspect of Sensory Processing
Sensitivity, but also of clearly distinguishable higher-order
positive and negative dimensions, a higher-order bi-factor
model was also tested. The higher-order bifactor model
(Figure 1) shows favorable fit indices compared to the 6-fac-
tor model and bifactor model (see Table 3). In the higher-
order bifactor model, the positive standardized loadings of
the factors EPR and SD (k ¼ .60) on the negative dimension
of SPS were significant; loadings of the factors SIES (k ¼
.72), SC (k ¼ .68), SAS (k ¼ .67) and AS (k¼ .83) were sig-
nificant on the positive dimension of SPS. All standardized
paths between the separate items and the general factor
were significant (k ¼ .46, min ¼ .10, max ¼ .69), except for
two items of Sensory Comfort (item 30 “I can really enjoy a
relaxing activity.” and the reversely stated item 6 “I find it
hard to enjoy small or subtle things.”). Except for SIES, the
standardized paths between the separate items and their spe-
cific factor were significant (jkj ¼ .56, min ¼ .28, max ¼
.76). For the factor SIES, significant loadings were found for
items 23, 24, 35 and 37 conveying an awareness of subtle
external stimuli (e.g. “I often notice faint odors.”); for items
measuring awareness of bodily sensations and processes (e.g.
“I often feel my heart beating.”) loadings were lower, but
still significant (items 43 and 44).

Table 3. Fit indices for a six factor CFA, a bifactor, and a higher-order bifactor
model in the confirmatory sample (N¼ 5,144).

v2scaled Df CFI SRMR RMSEA [95% CI]

6-factor CFA 20162.2� 845 .895 .057 .067 [.066-.067]
Bifactor 24205.2� 817 .873 .067 .075 [.074-.075]
Higher-order bifactor 13311.4� 812 .932 .040 .054 [.054-.056]

Note: �p < .001; all models estimated with WLSMV estimation. CFI ¼ (Scaled)
Comparative Fit Index; Df¼Degrees of Freedom; SRMR¼ Standardized Root
Mean Residual; RMSEA¼ Root Mean Square Error of Approximation;
CI¼ Confidence interval.

1To check whether item omission due to high cross-loadings had an impact
on the number of factors found, the EFA was re-run including items 16, 27,
38, 45, 52 and 57 (for a description see the appendix). Both the parallel
analysis and Velicer’s MAP test resulted in the same number of factors to
retain. Velicer’s MAP test indicated a solution with five factors (MAP ¼
.00526), closely followed by a solution with six factors (MAP ¼ .00533);
parallel analysis again indicated a 6-factor solution.
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Reliability and convergent, discriminant and concur-
rent validity
In Table 4 (Panel A), the mean, standard deviation and the
internal consistency reliability of the scale scores are pre-
sented. The Cronbach’s alphas were good to excellent for

all specific factors (a ¼ .75�.90), with the exception of
Sensory Comfort for which the internal consistency was
lower (a ¼ .62). The internal consistency of the positive
dimension of the SPSQ (sum score of SIES, SC, SAS, AS)
and the negative dimension of the SPSQ (sum score of

Figure 1. Standardized path coefficients of the higher-order bifactor model, including negative and positive aspect SPSQ in the confirmatory sample (N¼ 5144).
Note: SIES¼ Sensory Sensitivity to Subtle Internal and External Stimuli, EPR¼ Emotional and Physiological Reactivity, SD¼ Sensory Discomfort, SC¼ Sensory
Comfort/Pleasure, SAS¼ Social-Affective Sensitivity, AS¼ Esthetic Sensitivity, g¼ general (SPSQ) factor, NEG¼ negative dimension of the SPSQ, POS¼ positive
dimension of the SPSQ. Higher-order loadings on SD and EPR were constrained to be equal to avoid identification issues.
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EPR and SD) as well as the total scale score were excellent
(a ¼ .90�.93).

To evaluate convergent and discriminant validity, the cor-
relation matrix was checked for strong correlations between
the SPSQ and Big-5 personality traits (Table 4, Panel B).
The highest correlations were found between Emotional and
Physiological Reactivity and Neuroticism (.70) on the one
hand, and Esthetic Sensitivity and Openness (.60) on the
other hand. Moderate correlations were found for Sensory
Discomfort (Neuroticism); Emotional and Physiological
Reactivity (Introversion); Sensory Sensitivity to Subtle
Internal and External Stimuli, Sensory Comfort, and Social-
Affective Sensitivity (Openness); and Sensory Comfort
(Agreeableness). Conscientiousness was weakly correlated
with each of the specific SPSQ factors and the SPSQ total
score. The SPSQ total correlated most strongly with
Neuroticism and Openness (.41 and .37, respectively).
Neuroticism was mainly correlated with the negative dimen-
sion of the SPSQ (.58) and Openness with the positive
dimension of the SPSQ (.53).

With respect to the inter-scale correlations (Table 4,
Panel C), the subscale Sensory Sensitivity to Subtle Internal
and External Stimuli had a strong positive relationship with
the other subscales (with correlations around .50), except for
Sensory Comfort (.24). Furthermore, strong positive correla-
tions between Esthetic Sensitivity and Social-Affective
Sensitivity (.61) and Emotional and Physiological Reactivity
and Sensory Discomfort (.57) were found. Correlations
between scales within the positive and negative dimensions
of the SPSQ were moderate to large (.24�.61).

To address concurrent validity, correlations of the SPSQ
with fatigue, physical complaints, depression, and anxiety
are presented in Table 5. Emotional and Physiological
Reactivity, the extent to which people are easily over-
whelmed by sensory stimuli, showed the most prominent
correlations with clinical outcomes (.38�.52). Sensory
Sensitivity to Subtle Internal and External Stimuli and
Sensory Discomfort showed a moderate relationship with

physical complaints (.36 and .39, respectively). Sensory
Comfort was negatively correlated with fatigue, physical
symptoms, depressive complaints and anxiety (-.25 � -.10).
The total SPSQ had moderate positive correlations with clin-
ical outcomes (.26 � .39). The negative dimension of the
SPSQ was more strongly related to clinical outcomes (all rs
> .30) than the positive dimension of the SPSQ (all rs
< .30).

For each of the clinical outcomes, the total variance
explained by the six specific SPSQ scale scores was substan-
tially higher (ranging from a medium effect-size for Fatigue
to a large effect-size for Anxiety; R2 ¼.17 �.33) than the
variance explained by the positive and negative dimensions
of the SPSQ (R2 ¼ .13 �.21), which, in turn, was higher
than the variance explained by the SPSQ total score (R2 ¼
.07 �.16). These differences are especially large for psycho-
logical outcomes (Depression and Anxiety).2

Associations between the SPSQ and sociodemo-
graphic variables
Measurement invariance was tested across the sociodemo-
graphic groups. The results (Table 6) show evidence for con-
figural invariance as the models showed an acceptable fit
(CFI > .90). For each of the sociodemographic groups, no
substantial change in model fit was found when consecu-
tively constraining the loadings (metric invariance) and item
intercepts (scalar invariance) as the change in CFI, SRMR or
RMSEA did not exceed the criteria suggested by Chen
(2007). This result indicates that composite scale scores
across groups can be validly compared as metric and scalar
measurement invariance was tenable. Subsequently, the

Table 4. Summary statistics, product-moment correlations with personality
measures and between SPSQ (subscales).

Panel A Panel B Panel C

Summary statistics Big Five personality factors SPSQ Subscales

SPSQ M SD a N E O C A (1) (2) (3) (4) (5) (6)

(1) SIES 30.61 6.07 .75 .23 .01 .30 .08 .05
(2) EPR 56.41 11.97 .90 .70 -.32 .08 -.11 -.02 .45
(3) SD 41.51 9.56 .88 .30 -.15 .15 .06 .01 .52 .57
(4) SC 29.09 4.05 .62 -.19 .25 .30 .12 .30 .24 .03 .09
(5) SAS 44.19 7.44 .87 .09 .18 .43 .10 .19 .57 .34 .38 .31
(6) AS 26.90 5.47 .82 .11 .07 .60 .05 .16 .53 .35 .38 .39 .61

Pos 130.78 17.98 .90 .10 .15 .53 .11 .21
Neg 97.91 19.12 .92 .58 -.27 .12 -.04 .00
Total 228.69 32.00 .93 .41 -.08 .37 .04 .12

Note: a ¼ Cronbach’s alpha; N¼Neuroticism; E¼ Extraversion; O¼Openness
to Experience; C¼ Conscientiousness; A¼Agreeableness; SIES¼ Sensory
Sensitivity to Subtle Internal and External Stimuli, EPR¼ Emotional and
Physiological Reactivity, SD¼ Sensory Discomfort, SC¼ Sensory Comfort/
Pleasure, SAS¼ Social-Affective Sensitivity, AS¼ Esthetic Sensitivity;
Neg¼Negative dimension of the SPSQ (sum score of EPR and SD);
Pos¼ Positive dimension of the SPSQ (sum score of SIES, SC, SAS, AS);
Total¼ total score of the SPSQ. j r j > .30 boldfaced; correlations within the
positive and negative dimension of the SPSQ italicized. Listwise N¼ 9,845.

Table 5. Concurrent validity: Bivariate correlations, standardized regression
coefficients and explained variance of the relationships between (multiple)
SPSQ subscales and clinical outcomes.

Fatigue Physical complaints Depression Anxiety

SPSQ r b r b r b r b

SIES .17 .04 .36 0.24 .21 .07 .26 .10
EPR .38 .35 .42 0.28 .44 .41 .52 .50
SD .23 .03 .32 0.03 .24 �.04 .26 �.09
SC �.14 �.16 �.10 �0.19 �.25 �.31 �.20 �.26
SAS .12 .05 .24 0.06 .13 .03 .19 .06
AS .07 �.05 .19 �0.01 .12 .06 .15 .02

R2 .17 .24 .27 .33
Neg .35 .40 .42 0.39 .45 .45 .39 .48
Pos .10 �.10 .25 0.07 .17 �.11 .11 �.07

R2 .13 .18 .17 .21
Total .26 .39 .29 .36

R2 .07 .16 .09 .13

Note: All correlations p < .001; j r j > .30 boldfaced; r ¼ Pearson correlation
coefficient, R2 ¼ proportion of explained variance; b ¼ standardized regres-
sion coefficient; SIES¼ Sensory Sensitivity to Subtle Internal and External
Stimuli, EPR¼ Emotional and Physiological Reactivity, SD¼ Sensory
Discomfort, SC¼ Sensory Comfort/Pleasure, SAS¼ Social-Affective Sensitivity,
AES¼ Esthetic Sensitivity; Neg¼Negative dimension of the SPSQ (sum score
of EPR and SD); Pos¼ Positive dimension of the SPSQ (sum score of SIES,
SC, SAS, AS); Total¼ total score of the SPSQ. Listwise N¼ 9,845.

2To test whether the effect of the SPSQ scales on the clinical outcomes is
homogeneous across the measured demographic groups, additional models
were fit including interaction effects. For age, gender, living situation,
education and employment, the additional variance explained by the
interaction terms was negligible (all DR2 � .005).
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associations between on the one hand the SPSQ total score,
its subscales and higher-order (positive and negative)
dimensions and on the other hand the socio-demographic
variables were examined (see Table 7). For gender, small
effect sizes were found for SIES, EPR, SC, SAS, AS and the
positive higher-order dimension; medium effect sizes were
found for SD, the negative higher-order dimension, and the
total score, with women scoring higher than men. Negligible
effect sizes were found for living situation and highest com-
pleted education. Small effect sizes were found for employ-
ment status, where the highest sample means were found for
the category ’homemaker’.

Study 2

Methods

To investigate how the newly developed questionnaire
relates to existing questionnaires that also measure (aspects
of) Sensory Processing Sensitivity, a second sample from the
general population was collected.

Subjects
The inclusion criteria were identical to Study 1. Study par-
ticipants were recruited through invites to participate in the
study posted on Facebook and LinkedIn. The information
letter stated that the goal of the study was to compare differ-
ent questionnaires that measure Environmental Sensitivity
or similar temperamental characteristics. After reading the
information letter and signing the informed consent, partici-
pants could click a link to the online survey (Qualtrics). The
study protocol was approved by the ethics committee of the
Institute of Psychology of Leiden University (approval num-
ber: 2021-07-13-V.M.J. de Gucht-V2-3305). Data are avail-
able from the first author upon reasonable request.

In total 1,001 subjects from the general population started
filling in the questionnaire between July and September
2021. Respondents who did not sign the informed consent,
did not complete all the SPSQ items, completed the ques-
tionnaire faster than seven minutes, or had little or no vari-
ation in responses were excluded. The analyses were
performed using the remaining 814 valid responses.
Respondents were on average 46.8 years old (range 18-78;
SD¼ 10.83); 89.0% were female.

Measures
In addition to the SPSQ, respondents also completed the
Highly Sensitive Person Scale and part of the Adult
Temperament Questionnaire.

The highly sensitive person scale (HSPS)

The HSPS (Aron & Aron, 1997) measures high sensitivity
and consists of 27 items evaluated on a 7-point scale (1¼
‘not at all’, … , and 7¼ ‘extremely’). Example items are “Are
you easily overwhelmed by strong sensory input?” and “Do
you seem to be aware of subtleties in your environment?”.
For the present study, the validated Dutch version of the
HSPS was used (De Gucht, Wilderjans, Garcia, & Maes,
manuscript submitted for publication). Both the total score
of the HSPS and the scores on the three subscales Esthetic
Sensitivity (AES), Low Sensory Threshold (LST), and Ease of
Excitation (EOE) were taken into account (Smolewska et al.,
2006). In the current study, the Cronbach’s alpha was .91
for the total score and varied between .72 (AES) and .84
(EOE) for the subscales.

The adult temperament questionnaire (ATQ)

The ATQ (Evans & Rothbart, 2007) is a self-report question-
naire measuring temperament in a broad sense and includes
general constructs such as effortful control, negative affect,
extraversion/surgency, orienting sensitivity, and affiliative-
ness. For the purpose of the present study, we used the
Dutch version of the questionnaire (Hartman et al., 2001)
and we only included the subscales related to Sensory
Processing Sensitivity, namely Orienting Sensitivity (23
items), consisting of Affective Perceptual Sensitivity (11
items, e.g. “I tend to notice emotional aspects of paintings
and pictures.” (esthetic) and “I am rarely aware of the
moods of people around me.” (social)), Neutral Perceptual
Sensitivity (six items, e.g. “I rarely notice the color of peo-
ple’s eyes.”) and Associative Sensitivity (six items, e.g.
“When I am resting with my eyes closed, I sometimes see
visual images.”). In addition, the subscale Discomfort (six
items, e.g. “I’m often bothered by light that is too bright.”)
was included.

Respondents had to indicate for each statement to what
extent this statement applied to them on a seven-point scale
(1¼Not at all, … , 7¼Completely). In the present study,
the Cronbach’s alphas ranged from .61 (Associative
Sensitivity) to .86 (Orienting Sensitivity).

Table 6. Testing for measurement invariance across demographic
groups (N¼ 10,291).

Type of
Invariance v2scaled Df CFI SRMR

RMSEA
[95% CI] DCFI DSRMR DRMSEA

Gender
Configural 18263.8 1626 .901 .041 .047 [.046-.047]
Metric 18064.8 1716 .897 .068 .046 [.046-.047] -.004 -.027 -.001
Scalar 19656.3 1752 .888 .069 .048 [.047-.049] -.009 -.002 .002

Living situation
Configural 18685.8 2439 .905 .040 .047 [.047-.048]
Metric 18707.5 2619 .904 .042 .046 [.045-.046] -.001 -.002 -.001
Scalar 19232.8 2691 .902 .042 .046 [.045-.046] -.002 .000 .000

Highest completed education
Configural 20015.3 3252 .905 .040 .047 [.047-.048]
Metric 20298.2 3522 .902 .046 .046 [.045-.047] -.002 -.006 -.001
Scalar 20888.6 3630 .900 .046 .046 [.045-.046] -.002 .000 .000

Employment status
Configural 21154.1 4878 .903 .042 .047 [.047-.048]
Metric 21897.6 5328 .899 .059 .046 [.045-.047] -.004 -.017 -.001
Scalar 23076.8 5508 .894 .060 .046 [.046-.047] -.006 -.001 .000

Note: all models estimated with Robust MLE estimation. CFI ¼ (Robust)
Comparative Fit Index; Df¼Degrees of Freedom; SRMR¼ Standardized Root
Mean Residual; RMSEA¼ Root Mean Square Error of Approximation;
CI¼ Confidence interval. Reported metric invariance is tested by constraining
loadings to be equal across groups compared to the configural invariance
model; scalar invariance is tested by constraining items intercepts to be
equal across groups compared to the metric invariance model.
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Statistical analyses
The higher-order bifactor model of Study 1 was fit to the
data of Study 2 to confirm its factorial structure.
Subsequently, bivariate correlations were calculated to exam-
ine the strength of the associations between the newly devel-
oped SPSQ and its subscales on the one hand, and the
(subscales of the) HSPS (Aron & Aron, 1997; Smolewska
et al., 2006) and five (sub)scales of the ATQ (Evans &
Rothbart, 2007) on the other hand. The correlations were
tested using z-transformed tests proposed by Zimmerman
et al. (2003), to correct for item-overlap.

Results
The fit of the higher-order bifactor model was similar to the
findings in Study 1, v2(812) ¼ 2445.3, p < .001; CFI ¼ .943;
SRMR ¼ .050; RMSEA ¼ .050, 95% CI [.047, .052]. Strong
correlations were found between the total SPSQ and the
(subscales of the) HSPS (r ¼ .66-.79). The total HSPS scale,
as well as the subscales Ease of Excitation (EOE) and Low
Sensory Threshold (LST), had strong correlations with the
EPR, SD and the negative higher-order dimension of the
SPSQ (r ¼ .49-.83); moderate to strong correlations were
found with AS, SAS, SIES and the positive dimension (r ¼

.27-.52). Sensory Comfort had a moderate association with
the esthetic (AES) HSPS subscale (r ¼ .34), a weak associ-
ation with the HSPS total (r ¼ .13) and negligible associa-
tions with LST and EOE (r ¼ .07 and r ¼.06 respectively).
The esthetic subscale of the HSPS was strongly correlated
with Esthetic Sensitivity (AS) of the SPSQ (r ¼ .66) as well
as the positive higher-order dimension of the SPSQ (r
¼ .74).

The total SPSQ had strong correlations with the ATQ
subscales (r ¼ .61-.73) with the exception of Associative
Sensitivity (r ¼ .44). Orienting sensitivity as well as its sub-
scales Affective Perceptual Sensitivity and Neutral Perceptual
Sensitivity had strong correlations with SIES, SAS and AS (r
¼ .50-.87), as well as the positive dimension of the SPSQ (r
¼ .70-.86). The Discomfort scale of the ATQ was strongly
related to EPR, SD and the negative dimension of the SPSQ
(r ¼ .52-.97); no correlation was found with the SC scale of
the SPSQ (r¼�.01, ns). An overview of the correlations is
presented in Table 8.

General discussion

The purpose of the present study was twofold, namely (1)
the development and validation of a more comprehensive

Table 7. Summary statistics for the subscales of the SPSQ, the two higher order dimensions, and the total score, broken down for the different subcategories of
each of the sociodemographic variables. (N¼ 10,291).

SIES EPR SD SC SAS AS pos neg Total

Age r .043 -.082 .102 .058 .011 .139 .074 .000 .055
R2 .002 .007 .010 .003 .000 .019 .005 .000 .003

Gender Male M 29.10 52.79 37.76 28.44 42.44 26.06 126.04 90.55 216.59
SD 6.35 12.94 10.19 4.25 8.17 5.82 19.38 20.58 34.20

Female M 31.48 58.45 43.66 29.47 45.21 27.38 133.54 102.11 235.65
SD 5.71 10.81 8.42 3.87 6.75 5.18 16.42 16.74 28.18
Eta2 .036 .052 .089 .015 .032 .013 .041 .085 .083

Living situation Married / living with partner M 30.67 55.98 41.67 29.12 44.25 26.82 130.86 97.65 228.51
SD 6.04 12.02 9.51 4.01 7.32 5.44 17.85 19.10 31.94

Living with family/friends M 30.29 56.92 40.04 29.00 43.76 26.37 129.41 96.95 226.36
SD 6.28 12.06 9.72 4.18 7.69 5.88 18.56 19.33 32.74

Living alone M 30.61 57.10 41.71 29.06 44.23 27.31 131.22 98.81 230.03
SD 6.00 11.72 9.48 4.07 7.56 5.29 17.83 18.88 31.26
Eta2 .000 .002 .003 .000 .000 .003 .001 .001 .001

Highest completed education Primary M 30.84 57.98 39.72 27.99 43.48 26.89 129.20 97.70 226.90
SD 7.15 13.03 10.70 5.22 9.46 6.36 23.09 21.67 39.50

Secondary M 30.74 57.08 40.91 28.85 43.74 26.87 130.20 98.00 228.19
SD 6.12 12.37 9.87 4.38 7.78 5.65 18.76 19.94 33.01

Sec. vocational M 31.13 57.18 41.67 28.81 43.90 26.65 130.49 98.85 229.34
SD 5.90 11.79 9.65 4.17 7.32 5.44 17.92 19.28 32.84

Higher M 30.38 55.84 41.65 29.29 44.46 26.99 131.12 97.49 228.60
SD 6.06 11.83 9.36 3.84 7.29 5.39 17.56 18.66 31.02
Eta2 .002 .003 .001 .004 .002 .001 .001 .001 .000

Employment Yes, full-time M 30.02 53.61 39.71 28.95 43.72 26.41 129.09 93.31 222.40
SD 6.24 12.44 10.01 4.05 7.77 5.63 18.57 19.82 32.98

Yes, part-time M 31.00 57.90 42.89 29.34 44.86 27.11 132.32 100.79 233.11
SD 5.82 10.83 8.61 3.86 6.86 5.23 16.94 16.96 29.07

No, unemployed M 31.76 60.52 43.55 28.50 44.79 27.94 133.00 104.07 237.07
SD 5.87 11.62 9.31 4.56 7.35 5.16 17.83 18.96 31.36

No, retired M 30.03 53.31 41.42 29.42 42.53 27.92 129.90 94.73 224.63
SD 6.42 12.97 10.61 3.97 7.92 5.35 18.91 21.65 35.68

No, homemaker M 32.61 60.82 44.91 29.36 45.75 27.96 135.67 105.72 241.39
SD 5.54 10.38 8.24 3.94 6.81 5.19 16.73 16.18 28.69

No, student M 29.92 58.83 40.35 28.98 42.99 26.19 128.09 99.18 227.27
SD 5.87 11.09 9.42 4.21 7.70 5.76 17.85 18.46 31.13
Eta2 .014 .049 .032 .004 .011 .011 .012 .048 .035

Note. SIES¼ Sensory Sensitivity to Subtle Internal and External Stimuli, EPR¼ Emotional and Physiological Reactivity, SD¼ Sensory Discomfort, SC¼ Sensory
Comfort/Pleasure, SAS¼ Social-Affective Sensitivity, AS¼ Esthetic Sensitivity, Neg¼Negative dimension of the SPSQ (sum score of EPR and SD); Pos¼ Positive
dimension of the SPSQ (sum score of SIES, SC, SAS, AS); Total¼ total score of the SPSQ. r ¼ Pearson correlation coefficient, R2 ¼ proportion of explained vari-
ance; Eta2 ¼ effect size for the difference in means.
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questionnaire to measure Sensory Processing Sensitivity
(SPS), the Sensory Processing Sensitivity Questionnaire
(SPSQ) and (2) comparing the newly developed question-
naire to existing instruments that also measure
Environmental Sensitivity.

The original item pool generated for the development of
the SPSQ consisted of 60 items. After exploratory factor
analysis, 43 items remained, divided into six specific factors.
On substantive grounds, these factors were labeled as (1)
Sensory Sensitivity to Subtle Internal and External Stimuli
(SIES), (2) Emotional and Physiological Reactivity (EPR), (3)
Sensory Discomfort (SD), (4) Sensory Comfort (SC), (5)
Social-Affective Sensitivity (SAS), and (6) Esthetic Sensitivity
(AS). Subsequent confirmatory analysis revealed that a
higher-order bifactor model consisting of two higher-order
factors (a positive and a negative dimension), in addition to
a general sensitivity factor and six specific factors fits the
data best. With respect to the higher-order factors, four fac-
tors load on the positive dimension (SIES, SC, SAS and AS)
whereas two factors (EPR and SD) load on the nega-
tive dimension.

Regarding convergent and discriminant validity, the
strongest associations were found between Emotional and
Physiological Reactivity and Neuroticism on the one hand,
and Esthetic Sensitivity and Openness on the other hand.
The SPSQ total score has a similarly strong relationship
with Neuroticism and Openness respectively, which is con-
sistent with earlier findings using the HSPS. In their review,
Greven et al. (2019) concluded that empirical studies
showed a positive relationship between SPS and both
Neuroticism and Openness, as well as a negative relationship
with Extraversion. A meta-analysis by Lionetti et al. (2019)
found only significant associations between SPS and
Neuroticism and Openness. The latter suggests that these
associations may be the most stable and consistent ones.
Our analyses showed that within the concept of SPS, it is
possible not only to distinguish between a number of spe-
cific factors, each representing a different aspect of SPS, but
also a clear distinction can be made between a positive and
a negative dimension of SPS. As might be expected, the
positive dimension shows the strongest correlation with

Openness, while the negative dimension is most strongly
related to Neuroticism.

Concerning concurrent validity, both Emotional and
Physiological Reactivity and the negative dimension of the
SPSQ show clear associations with all clinical outcomes
(physical complaints, fatigue, anxiety and depression), in
contrast to the positive dimension of the SPSQ which shows
a weak link with each of these outcomes. The total variance
of these clinical outcomes that can be explained based on
the six different factors is not only superior to the variance
explained by the total SPSQ score, but also to the variance
explained by the two higher-order dimensions. The discrep-
ancy between the variance explained by the six different fac-
tors and the total score is greatest for anxiety and
depression, i.e. for psychological distress. This finding points
at the importance, both for scientific research and clinical
practice, of using not only the total SPSQ score, or the
higher-order dimensions, but also the six specific scales.
Failure to do so would result in a significant loss of
information.

Sample means show higher averages for women than for
men on the SPSQ total, the two higher-order dimensions,
and the six subscales. This gender difference with respect to
SPS was also found in other studies using the HSPS
(Benham, 2006; Chacon et al., 2021; Konrad & Herzberg,
2017). In the current study, the differences are largest for
the SPSQ total, the negative higher-order dimension, and
SD, as part of the negative SPSQ dimension. The differences
are smaller for the positive higher-order dimension and the
four specific subscales associated with this dimension. This
difference between men and women regarding the negative
and positive aspects of SPS was also found by Konrad and
Herzberg (2017), but not by Chacon et al. (2021).

Regarding the relationship between the SPSQ and existing
questionnaires that also measure (aspects of) SPS, a strong
relationship is found between the total score of the SPSQ
and the total score of the HSPS. In addition, the positive
higher-order dimension of the SPSQ and the SPSQ subscales
associated with this higher-order dimension show a strong
relationship with the positive subscale of the HSPS (AES) as
well as with the Orienting Sensitivity scale of the ATQ and

Table 8. Associations between the Sensory Processing Sensitivity Questionnaire (SPSQ), Highly Sensitive Person Scale (HSPS) and the Adult Temperament
Questionnaire (ATQ), N¼ 814.

M SD a1 a2 SIES EPR SD SC SAS AS Pos Neg Total

HSPS
EOE 62.93 11.88 .84 .81 .41��� .83��� .49��� .06� .28��� .27��� .37��� .77��� .70���
AES 41.84 5.52 .72 .72 .49��� .33��� .34��� .34��� .63��� .66��� .74��� .37��� .66���
LST 31.88 6.40 .75 .78 .46��� .74��� .74��� .07� .33��� .29��� .42��� .83��� .77���
Total 146.85 23.63 .91 .89 .50��� .77��� .58��� .13��� .41��� .41��� .52��� .78��� .79���

ATQ
Affective 5.49 0.81 .82 .90; .79 .57��� .27��� .33��� .26��� .87��� .68��� .85��� .33��� .70���
Neutral 5.38 0.90 .71 .68 .73��� .22��� .38��� .20��� .53��� .50��� .70��� .33��� .61���
Associative 5.22 0.89 .61 .85; .66 .38��� .23��� .19��� .18��� .45��� .39��� .49��� .24��� .44���
Orienting 5.39 0.71 .86 .69 .68��� .30��� .37��� .27��� .80��� .67��� .86��� .37��� .73���
Discomfort 5.49 1.08 .84 .72 .42��� .52��� .97��� -.01 .24��� .21��� .32��� .81��� .70���

Note: �p < .05; ��p < .01; ���p < .001. P-values based on Fisher z-transformed tests (Zimmerman et al., 2003) adjusted for the overlap between the scales.
EOE¼ Ease of Excitation; AES¼ Esthetic Sensitivity; LST¼ Low Sensory Threshold; Affective¼Affective Perceptual Sensitivity; Neutral¼Neutral Perceptual
Sensitivity; Associative¼Associative Sensitivity; Orienting¼Orienting Sensitivity; SIES¼ Sensory Sensitivity to Subtle Internal and External Stimuli,
EPR¼ Emotional and Physiological Reactivity, SD¼ Sensory Discomfort, SC¼ Sensory Comfort/Pleasure, SAS¼ Social-Affective Sensitivity, AES¼ Esthetic
Sensitivity; Neg¼Negative dimension of the SPSQ (sum score of EPR and SD); Pos¼ Positive dimension of the SPSQ (sum score of SIES, SC, SAS, AS). a1 ¼
Internal consistency in current study; a2 ¼ Internal consistency reported by Smolewska et al. (2006) and internal consistency reported by Evans and Rothbart
(2007) in Study 1 and/or Study 2.
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its subscales. The same applies to the negative higher-order
dimension of the SPSQ and the SPSQ subscales associated
with this higher-order dimension on the one hand and the
negative subscales of the HSPS (EOE and LST) and the
Discomfort scale of the ATQ on the other hand. Although
the exact magnitude of the correlations should be inter-
preted with some caution due to item overlap, it can be con-
cluded that the links between the SPSQ and existing
questionnaires are in the expected direction. In comparison
with existing questionnaires, the SPSQ offers however the
advantage that more aspects of SPS are measured, and that
the focus is not only on the negative but also on the positive
characteristics of Sensory Processing Sensitivity.

Strengths and limitations

One of the major strengths of the present research is the
large general population samples that were available to carry
out both Study 1 (the main study) and Study 2. These sam-
ple sizes provided excellent power for conducting the analy-
ses necessary to develop and validate the SPSQ, to ensure
factor replicability, even within more complex models
(Kyriazos, 2018) such as the higher-order bifactor configur-
ation, and to allow for reliable estimates of population cor-
relations. The inclusion of questionnaires regarding
personality traits and clinical outcomes has allowed us to
obtain a clearer and especially a more differentiated picture
of the links between SPS, generic personality factors, and
psychological and physical distress. However, since SPS and
clinical outcomes were measured at the same time, no infer-
ences can be made regarding causality. Is high sensitivity a
factor that makes people more sensitive to the development
of psychological and physical complaints, is the presence of
such complaints conducive to increased SPS, or is there
another (latent) factor underlying both SPS and psycho-
logical and physical distress, a factor that could explain why
SPS and distress are related?

This question brings us to a limitation of the study,
namely the fact that only cross-sectional data were collected,
so that the predictive validity of the specific factors of the
SPSQ and its higher-order dimensions could not be investi-
gated. Additionally, the generalizability of the results to the
general population at large may be somewhat limited by
gender imbalance. A counter-argument that mitigates this
limitation is the fact that both Study 1 and Study 2 were
done in large samples from the general population, in con-
trast to previous studies that have largely been done in stu-
dent populations. The few studies that were conducted in
the general population usually had very small samples, or
showed a similar or even greater imbalance in the ratio of
men to women (Booth et al., 2015; Ershova et al., 2018;
Evans & Rothbart, 2008; Grimen & Diseth, 2016; Konrad &
Herzberg, 2017; Lionetti et al., 2018; Liss et al., 2008; Meyer
et al., 2005; Sengul-Inal & S€umer, 2020; Smolewska et al.,
2006; Sobocko & Zelenski, 2015).

The information, both regarding the purpose of the study
and the concept of Sensory Processing Sensitivity (SPS),
included in the call for participation in the study, may have

contributed to selection bias. More specifically, it is likely
that people who are interested in the subject were more
inclined to fill in the questionnaire. In addition, it is also
possible that some of the people interested in the concept
recognized themselves in (some aspects of) SPS and there-
fore scored higher on average on (certain items or sub-scales
of) the SPSQ, which may have led to response bias.
Similarly, responses may have been influenced by social
desirability (or social response bias) since it is known that
self-report studies regarding personality traits are (or can
be) susceptible to social desirability bias. Since the informa-
tion letter for the potential respondents emphasized that
being more or less sensitive to environmental stimuli is nei-
ther good nor bad and that both have advantages and disad-
vantages, and since the respondents could fill out the
questionnaire anonymously, it can however be assumed that
social desirability played only a limited role in this study.
Nevertheless, for future research in this domain, it would be
recommendable to add a measure of social desirability to
the survey.

Finally, the development of the SPSQ was based on the
definition of the concept of Sensory Processing Sensitivity
(SPS) as reported by Aron et al. (2012) and Evans and
Rothbart (2007, 2008) and the dimensions they distin-
guished. Despite the fact that the SPSQ allows for measuring
more aspects of the concept as it has been defined so far,
and in that way adds to our understanding of SPS, the core
nature of the concept as such, still remains to be identified.
In order to further unravel this concept, it is necessary to
uncover the underlying mechanisms of (high) SPS, an
undertaking that is necessary but goes beyond what was
feasible in the current study.

Suggestions for future research and (clinical) practice

Previous findings, based upon the Highly Sensitive Person
Scale suggest that people can be classified into sensitivity
groups along a continuum (Lionetti et al., 2018). The devel-
opment of cutoff points for the SPSQ scale scores (total
score as well as the six specific scale scores) could benefit
clinicians and researchers in guiding their interpretation of
individual or group scores. In addition to this, the develop-
ment of a short form of the SPSQ would facilitate the inclu-
sion of the questionnaire in more extensive surveys, both in
clinical practice and intervention research. It would also be
valuable, in both cross-sectional research (concurrent valid-
ity) and longitudinal research (predictive validity), to look
not only at the associations between the (factors and dimen-
sions of the) SPSQ and clinical outcomes but also at the
associations with more positive outcomes. In this context,
one might consider variables such as resilience, quality of
life, and overall satisfaction with life. Furthermore, as
Konrad and Herzberg (2017) pointed out, some items
derived from the HSPS and included in the SPSQ are multi-
faceted, asking in one and the same item about the (over)-
sensitivity to several, clearly different sensory impressions
(e.g., smells, flavors, music, art). Splitting these markedly
distinct sensory impressions into different items may
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contribute to a greater homogeneity within the subscales,
which in turn may have positive effects on the internal con-
sistency reliability of these subscales.

Finally, future research with the SPSQ could also focus
on the theoretical foundations of SPS, in two different but
complementary ways. First, whereas sensitivity to environ-
mental influences was initially considered a factor that
makes people more vulnerable to (physical and psycho-
logical) distress, more recent theories and models assume
that sensitive individuals respond more strongly to both
positive and negative stimuli. One of these theories is
Differential Susceptibility (Belsky & Pluess, 2009). As the
SPSQ was developed with the aim of identifying both the
positive and negative aspects of SPS, it may be interesting to
test the SPSQ in terms of differential susceptibility. A pos-
sible way of doing this is to form four groups on the basis
of the SPSQ, namely (a) a group that scores high on the
positive dimension and medium to low on the negative
dimension, (b) a group that scores high on the negative
dimension and medium to low on the positive dimension,
(c) a group that scores high on both dimensions, and (d) a
group that scores low on both dimensions. An experimental
design can be used to investigate whether these four groups
respond differently to negative versus positive stimuli.

Secondly, previous fMRI studies have shown that
respondents who score high on SPS (measured using the
Highly Sensitive Person Scale) are characterized by increased
activation of brain areas involved in higher-order visual
processing and attention (Jagiellowicz et al., 2011), the inte-
gration of sensory stimuli, awareness and empathy (Acevedo
et al., 2014), as well as memory, emotion and reflection
(Acevedo et al., 2017). Although these studies have contrib-
uted significantly to our understanding of the neural mecha-
nisms that may underlie the increased cognitive and
emotional processing of sensory information, which is typ-
ical of high SPS, it is still unclear what the core feature of
SPS is. Future fMRI studies, making use of the SPSQ, and
distinguishing between the four sensitivity groups described
above, may shed more light on the key mechanisms under-
lying SPS at baseline and during interaction with positive
and negative stimuli.

In terms of clinical practice, the SPSQ offers the oppor-
tunity to gain insight not only into the extent to which cli-
ents are easily overwhelmed by sensory stimuli, but also the
degree to which they are quick to notice subtle environmen-
tal stimuli, the emotional valence of various stimuli (music,
art, but also people’s verbal and non-verbal communication)
as well as the depth with which they process these stimuli.
This, in turn, not only offers starting points for interven-
tions aimed at coping better with a multitude of (high-inten-
sity) stimuli, but also for interventions focusing on the
positive aspects of high sensitivity, helping people to see
these aspects as strengths that they can further develop and
thus contributing to a better person-environment fit in vari-
ous (e.g., professional) settings.

In their 2018 article, de Villiers, Lionetti and Pluess
hypothesize vantage sensitivity, the proclivity of people to
benefit disproportionately from positive features of

environmental experiences, to be one of the factors that may
explain why some individuals gain more from psychotherapy
than others. Sensory Processing Sensitivity is put forward as
the most obvious candidate to measure vantage sensitivity.
Although the above can certainly make a valuable contribu-
tion to the discussion of who benefits most from psycho-
therapy and why, the question remains which aspects of SPS
contribute most to this differential responsiveness to psycho-
logical interventions. As vantage sensitivity is considered to
be "the bright side" - or, in other words - "the positive side"
of environmental susceptibility, the SPSQ offers the oppor-
tunity to explore this question further as it includes a
broader set of positive aspects of SPS.

A number of psychiatric disorders are associated with
increased sensitivity to stimuli. One example is Autism
Spectrum Disorder (ASD) (Acevedo et al., 2018).

The Diagnostic and Statistical Manual of Mental
Disorders � 5 (DSM-5, American Psychiatric Association,
2013) mentions, however, both hypersensitivity and hypo-
sensitivity to environmental stimuli as diagnostic criteria of
ASD. Attention to detail is a symptom of autism, but so is a
lack of sensitivity to interpersonal subtleties, subtleties in
communication or interaction with others. A previous study
(Liss et al., 2008) showed that the negative dimensions of
the HSPS (the subscales ‘Ease of Excitation’ and ‘Low
Sensory Threshold’) were related to symptoms of autism.
The positive dimension of the HSPS (the ‘Esthetic
Sensitivity’ subscale) was positively related to ’attention to
detail’ but negatively to communication skills. The use of
the SPSQ in persons with ASD could allow us to get a more
detailed and differentiated picture of SPS in this patient
population. The central questions are "On which positive
and negative dimensions does this population score higher/
the same/lower than the general population?" and "To what
extent does this more differentiated picture of hyper- and
hyposensitivity provide us with tools for psychological inter-
ventions in this population?".

Conclusion

The SPSQ is a comprehensive questionnaire that measures a
wide range of dimensions of SPS and has very good psycho-
metric qualities. This opens up several interesting perspec-
tives for the future, both clinically and in terms of research.
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Appendix. The sensory processing sensitivity questionnaire

Overview items initially included in the Sensory Processing Sensitivity Questionnaire (SPSQ)

Item Concept Source

Item omission

Reason Order

1. I am often too cold while others in the same environment are not bothered by it. SES DIXON COM 2
2. I get easily upset from stressful situations EPR NEW
3. I get nervous when too much happens at once. EPR HSPS
4. Sometimes I notice sad eyes hidden by a smile. SAS ATQ
5. It usually strikes me when the tone of a person’s voice does not match his or her words. SAS ATQ
6. I find it hard to enjoy small or subtle things. (R) SC NEW
7. Brightly colored flickering lights are disturbing to me. SD ATQ
8. I am often too hot while others in the same environment are not bothered by it. SES DIXON COM 3
9. I don’t like loud music. SD ATQ
10. I find certain screeching sounds very annoying. SD ATQ
11. Very bright colors sometimes bother me. SD ATQ
12. I often notice the emotional side (charge) of paintings and photographs. AS ATQ
13. I am sensitive to pain. SIS HSPS LOAD 17
14. Looking into someone’s eyes gives me a good idea whether or not someone is telling the truth. SAS ATQ
15. I feel good when I’m with people I love. SC NEW
16. I am often aware of hardly noticeable things in my environment. SES ATQ CROSS 15
17. I am often aware of how the weather affects my mood. AS ATQ LOAD 16
18. I am easily upset by changes in my life. EPR HSPS
19. I am easily bothered by crowds or chaotic situations. EPR HSPS
20. I rarely notice what color a person’s eyes have. (R) SES ATQ COM 5
21. It usually strikes me when people try to pretend not to be afraid. SAS ATQ
22. I can be emotionally touched by music or art. AS HSPS
23. I immediately feel when my mouth or throat gets drier. SIS PBC
24. Also barely visible visual details attract my attention. SES ATQ
25. I am easily disturbed by bright light or strong odors SD HSPS
26. I can enjoy humor or laughable situations. SC NEW
27. I often notice sounds of birds sitting in my vicinity. SES ATQ CROSS 12
28. I enjoy subtle smells, flavors, music or art. AS HSPS
29. When I watch a movie, I usually don’t notice how the environment is used to convey

the mood of the characters. (R)
AS ATQ COM 6

30. I can really enjoy a relaxing activity. SC NEW
31. I rarely daydream. (R) ASE ATQ COM 1
32. I am very conscientious. AS HSPS COM 9
33. I find harsh sounds very annoying. SD ATQ
34. I am easily infected by other people’s moods. EPR HSPS
35. I am quickly aware of changes in my body such as my body temperature. SIS PBC
36. I can usually see when someone masks their feelings with a smile. SAS ATQ
37. I often notice weak odors. SES ATQ
38. Colors and lighting of a room can have a strong influence on my mood. AS ATQ CROSS 14
39. I am seldom aware of how things I am holding feel. (R) SES ATQ COM 7
40. I feel quickly rushed when I have to do too much in a short time. EPR HSPS
41. I am rarely aware of the mood of other people around me. (R) SAS ATQ COM 8
42. I am often bothered by too bright light. SD ATQ
43. I feel the slightest contraction of hunger in my stomach. SIS PBC
44. I often feel my heart beating. SIS PBC
45. Beautiful music gives me a positive feeling. SC NEW CROSS 11
46. I get upset when people try to make me do too many things at once. EPR HSPS
47. I am sensitive to internal physical tension. SIS PBC
48. I am easily bothered by noise. SD HSPS
49. I sometimes seem to understand things intuitively. ASE ATQ
50. I have a rich and complex emotional life. AS HSPS
51. When I listen to music, I usually notice subtle touching tones in the music. AS ATQ
52. I am easily overwhelmed by strong sensory stimuli. SD HSPS CROSS 10
53. Watching a nice movie gives me a good feeling. SC NEW
54. I can be very touched by a beautiful work of art SC NEW
55. I try to arrange my life in such a way that I avoid annoying or overwhelming situations EPR HSPS
56. When people feel uncomfortable, I know how to put them at ease. SAS HSPS
57. I often notice things in my environment that others don’t notice. SES HSPS CROSS 13
58. I am sensitive to the effects of caffeine. SIS HSPS COM 4
59. I feel uncomfortable when too much is happening around me. EPR HSPS
60. When I have to do something competitive, I get so nervous that I perform below my capabilities. EPR HSPS

Note: EPR¼ Emotional and Physiological Reactivity; SIS¼ Sensitivity to Internal Stimuli; SES¼ Sensitivity to External Stimuli; AS¼ Esthetic Sensitivity; SAS¼ Social-
Affective Sensitivity; ASE¼Associative Sensitivity; SD¼ Sensory Discomfort; SC¼ Sensory Comfort; HSPS¼Highly Sensitive Person scale; ATQ¼Adult
Temperament Questionnaire; PBC¼ Private Body Consciousness scale; Reason for item omission: COM¼ low communality (hi

2 < .20); CROSS¼ high cross-load-
ing (>.32); LOAD¼ low loading (<.32); Order: order of item omission.
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