
 

 

Sensory Features of Young Children
From a Large Community Sample:
Latent Factor Structures of the Sensory
Experiences Questionnaire (Version 2.1,
Short Form)

Helen Lee, Yun-Ju Chen, John Sideris, Linda R. Watson, Elizabeth R. Crais, Grace T. Baranek

Importance: Although three sensory factors (hyperresponsiveness [HYPO]; hyporesponsiveness [HYPER]; and
sensory interests, repetitions, and seeking behaviors [SIRS]) have been demonstrated among a wide age range of
clinical populations, they have not been well validated in the general population, especially with a large community
sample of young children.

Objective: To validate the factor structure of the Sensory Experiences Questionnaire (Version 2.1, Short Form;
SEQv2.1) in a community sample and to confirm the factor structure’s existence in this sample.

Design: Caregivers completed the SEQv2.1, a parent-reported questionnaire designed to capture children’s
everyday sensory experiences. The latent factors of the SEQv2.1 were examined using confirmatory factor
analysis.

Setting: North Carolina.

Participants: Caregivers of 2,195 children age 3 yr were initially recruited through state birth records and were
eligible to participate if the child did not have a history of serious medical problems and English was the family’s
primary language.

Outcomes and Measures: SEQv2.1.

Results: The SEQv2.1 showed validity in the community sample. Similar to previous research with clinical
populations, the three broad patterns of sensory responsiveness were also confirmed in this large community
sample of young children, but associations among the factors differed.

Conclusions and Relevance: Validation of the three-sensory-factor structure in the general population suggests
that these constructs are similar to those found with samples with autism spectrum disorder and developmental
disabilities. This finding underscores the importance of understanding the normative development of sensory
features across a wider age range to better delineate qualitative differences underlying sensory features between
clinical and general populations.

What This Article Adds: Occupational therapists seeking to assess children’s sensory features can use the
SEQv2.1 not only with clinical samples but also with children in the general population.
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Although atypical sensory features that occur among
clinical populations, such as children with autism

spectrum disorder (ASD; Baranek et al., 2019; Gourley
et al., 2013; Lane et al., 2010; Tomchek & Dunn, 2007)

or other developmental disorders (DD; Reynolds &
Lane, 2009), have received much attention in research,
less is known about sensory features or patterns that
occur among typically developing (TD) children.
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Understanding sensory functioning in a community
sample of young children can shed light on the etiol-
ogy of sensory behaviors and their development and
serve as a critical benchmark for determining atypical
sensory features. The aim of the current study was to
examine the sensory features of children age 3 yr from
a large community sample using the Sensory Experien-
ces Questionnaire (Version 2.1, Short Form; SEQv2.1),
which is a caregiver-report tool designed to assess
children’s sensory experience in everyday situations.

Although terms in the literature vary to some
degree, sensory symptoms across modalities (e.g.,
visual, auditory, tactile) are frequently categorized into
three major patterns of sensory response: hyperrespon-
siveness (HYPER); hyporesponsiveness (HYPO); and
sensory interests, repetitions, and seeking behaviors
(SIRS; Ausderau et al., 2014; Miller et al., 2007; Kirby
et al., 2019). HYPER refers to an overreactive or exag-
gerated response to sensory stimuli, which can be
observed in children’s avoidant, aversive, and negative
affective behaviors in response to stimuli. HYPO is
characterized by children’s underreactivity and
extremely low level of response to sensory stimuli,
such as a delayed reaction to or lack of awareness of
touch, pain, sound, and other modalities. Finally, SIRS
refers to a pattern in which children enjoy and show
interest in or craving for intense sensations that are
repeated (Ausderau et al., 2014). These sensory pat-
terns are not mutually exclusive and may co-occur
within individuals (Baranek et al., 2006; Ben-Sasson
et al., 2007).

Beyond clinical groups, sensory features have been
reported in the general population in the context of
everyday activities, although many of these studies are
based on smaller samples of young children and
mainly compare sensory features of TD children as a
reference group with those of other groups (e.g., Dunn
& Bennett, 2002). According to one study with a larger
community sample (N 5 703), approximately 13.7%
(n 5 96) of kindergarteners met the criteria for a sen-
sory processing disorder (Ahn et al., 2004). High rates
of sensory issues in the community have led some
researchers to suggest that sensory processing may
involve a dynamic interaction between the continuum
of children’s neurological thresholds and behavioral
responses that result in individual differences (Dunn,
1997; Dunn & Daniels, 2002). In line with this view,
studies have consistently demonstrated that levels of
atypical or extreme sensory features are generally
lower among TD or low-risk samples than among
groups with ASD or DD (Baranek et al., 2006; Ben-
Sasson et al., 2007; Dunn & Daniels, 2002). In an epi-
demiological study of 8-yr-old children, for example,
the prevalence of sensory atypicalities (as reported by
parents on a background information form) was
53.6% among children with ASD (15 of 28 children)
versus 8.0% overall (352 of 4,397 children; Jussila
et al., 2020).

Despite evidence of differences in sensory features
between TD and ASD groups, however, it is not clear
whether such differences reflect distinct sensory struc-
tures or dimensions for each group or differences in
degrees or levels of intensity and frequency along a
continuum of sensory functioning and experience. To
date, although the sensory constructs HYPER, HYPO,
and SIRS have been validated among children with
ASD or DD and among those without disabilities
(Ausderau et al., 2014; Baranek et al., 2006), these
sensory constructs have not yet been examined as a
central research focus with a large amount of cross-
sectional data from a community sample of
preschoolers.

The current study tested a proposed structure of
sensory features in a large community sample of pre-
schoolers using the SEQv2.1 (Baranek, 1999). We
hypothesized that the three patterns of sensory
response (i.e., HYPO, HYPER, SIRS) previously vali-
dated in clinical groups would also be validated in a
large community sample.

Method
As a part of a larger prospective study of children’s
development, a community sample of caregivers was
initially recruited from North Carolina’s state birth
registry when their infants were ages 6 to 16 mo and
asked whether they wanted to be contacted for future
follow-up studies. Latinx families were excluded from
recruitment mailings because at the time of the study
the survey instruments were not available in Spanish.
Caregivers who gave permission were recontacted to
solicit their participation in the current study. Recruit-
ment was done via email, and caregivers were asked to
complete a follow-up Qualtrics survey, which included
SEQ 2.1 items, when their child reached age 3 yr. The
surveys were also available in paper format for those
parents who requested it. Approximately 34% of the
parents who were recontacted participated in the
study. The study protocols were approved by the Uni-
versity of North Carolina at Chapel Hill’s Institutional
Review Board.

Participants
The participants were 2,205 caregivers of children ages
3 yr to 3 yr, 11 mo (M 5 41.89 mo, SD 5 3.85; see

T1Table 1). Ten participants who were missing responses
to more than two SEQv2.1 items were excluded from
the analysis, making the final sample size 2,195.

Measures
The SEQv2.1 (Baranek, 1999; Baranek et al., 2006) is a
43-item caregiver-report questionnaire designed to
assess the sensory responsiveness of children ages 5
mo to 12 yr. Items encompass five modalities, as well
as social and nonsocial contexts. The items are orga-
nized into three sensory response patterns—HYPER,
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HYPO, and SIRS—and are rated on a 5-point scale:
1 (almost never), 2 (once in a while), 3 (sometimes),
4 (frequently), and 5 (almost always). The SEQv2.1 has
good internal consistency (a 5 .80) and test–retest
reliability (intraclass correlation coefficient 5 .92; Little
et al., 2011; Patten et al., 2013). It has been used in
studies of both high-risk infants (Grzadzinski et al.,

2020; Wolff et al., 2018) and children ages 2 to 12 yr
with ASD and DD to capture heterogeneity in sensory
features (Baranek et al., 2006).

Data Analysis
Confirmatory factor analyses (CFAs) were conducted
under robust weighted least squares estimation using
Mplus (Muthén & Muthén, 2017) to examine whether
the proposed structure of the SEQv2.1 held for this
community sample. The three factors characterizing
the sensory response patterns (HYPO, HYPER, SIRS)
were tested using 32 of the 37 quantitative items
(excluding the 5 control items) that are used in
scoring.

In CFA, item variability is viewed as stemming
from the factors and from measurement error. The
model here, excluding the enhanced perception factor,
is in line with the model proposed in Ausderau et al.
(2014) for Version 3.0 of the SEQ, in which it was
tested with a large sample with ASD. In addition to
the three content factors (HYPO, HYPER, SIRS), it
incorporates a set of six measurement factors. The
measurement factors—five modalities (i.e., tactile,
auditory, visual, gustatory–olfactory, vestibular–pro-
prioceptive) and one social context factor (as opposed
to a nonsocial context)—were included to account for
correlated item errors (Kenny & Kashy, 1992). All cor-
relations of these measurement factors with each other
and with the content factors were fixed to zero. Each
item was allowed to load on one content factor and up
to two measurement factors (sensory modality, social
context, or both; F1Figure 1). Model fit was evaluated
using multiple indices: v2, the comparative fit index

Table 1. Children’s Demographic Characteristics
(N 5 2,205)

Characteristic M (SD) or n (%)

Age (mo) 41.89 (3.85)

Sex

Male 1,094 (49.6)

Female 1,111 (50.4)

Race

White 1,862 (84.4)

Black 131 (5.9)

Asian 36 (1.6)

American Indian or Native Hawaiian 12 (.5)

Multiracial 158 (7.2)

Other 6 (0.3)

SEQv2.1 mean item scores

HYPER (13 items) 1.64 (.45)

HYPO (6 items) 1.37 (.38)

SIRS (13 items) 1.93 (.61)

Note. Percentages may not total 100 because of rounding.
SEQv2.15 Sensory Experiences Questionnaire (Version 2.1 Short
Form).

Figure 1. Confirmatory factor analysis model.
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Note. HYPER5 hyporesponsiveness; HYPO 5 hyperresponsiveness; SEQv2.1 5 Sensory Experiences Questionnaire (Version 2.1 Short
Form); SIRS5 sensory interests, repetitions, and seeking behaviors.
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(CFI), the Tucker–Lewis Index (TLI), and the root
mean square error of approximation (RMSEA). Gener-
ally, a CFI or TLI value >.92 and a RMSEA of <.06
indicates a good fit (Hu & Bentler, 1999; Marsh et al.,
2004).

Also, sex invariance was checked between boys and
girls to confirm findings from a previous study with
samples with ASD (Ausderau et al., 2014). The mea-
surement invariance across child sex was tested with
multigroup CFA, using Wu and Estabrook’s (2016)
analytic approach, which is more appropriate for
ordered categorical data than more traditional
approaches. The invariance analyses were conducted
using R (R Core Team, 2018).

Results
The model fit indices revealed a good fit for the pro-
posed model, v2(419) 5 2763.34, RMSEA 5 .05, CFI 5
.95, TLI 5 .94, although, as expected with large samples,
the v2 statistic was significant (p < .01; Cheung &
Rensvold, 2002). The SEQv2.1’s items had moderate to
high loadings on the HYPO, HYPER, and SIRS factors,
where a higher factor loading value indicates stronger
support for the purported latent factor. For HYPO, 6
items loaded between .37 and .73; Item 3, “tune-out
loud noises,” had the lowest loading, and Item 10, “slow
to notice new objects in the room,” had the highest. For
HYPER, 13 items loaded between .32 and .67; the lowest
was Item 20, “dislike being tickled,” and the highest was
Item 17, “react negatively when touched.” For SIRS, 13
items loaded between .37 and .86; the lowest was Item
28, “seek out physical rough-housing play,” and the
highest was Item 36F, “extremely fascinated with touch”
(tactile experience). Factor loadings for all items were
significant (p < .001) and >.30, with the highest loadings
(>.80) noted for the fascination items, Items 36A–F
(e.g., “extremely fascinated with sounds”). The correla-
tions among the three factors (HYPO, HYPER, SIRS)
were moderate to large (r 5 .43–.70), with the strongest
correlation found between the HYPO and HYPER fac-
tors (T2 Table 2).

Next, item endorsements, standardized factor load-
ings, and R2 values for each item were examined; they
are summarized inT3 Table 3. Item endorsements indicate
that parents observed the specific sensory feature in
their child “frequently” or “almost always.” In our sam-
ple, parents’ item endorsement ranged from 0.6% to

40.2%, and the HYPO and HYPER items showed gen-
erally lower levels of endorsement than the SIRS items.

Finally, invariance testing generally indicated invari-
ance across sex and confirmed findings from the
previous study. There was no significant reduction in
model fit from configural to threshold invariance (likeli-
hood ratio test [LRT]: Dv2[63] 5 37.4, p 5 .99; CFI 5
.953, TLI 5 .949, RMSEA 5 .047) and from threshold
to loading invariance (LRT: Dv2[63] 5 51.0, p 5 .86;
CFI 5 .956, TLI 5 .955, RMSEA 5 .044).

Discussion
The primary aim of this study was to test the validity
of the latent factor structure of the SEQv2.1 in a large
community sample of children age 3 yr, and as
hypothesized, the results supported a three-factor
structure. Thus, we found that the three broad sensory
response patterns previously found in clinical samples
(HYPO, HYPER, SIRS; e.g., Ausderau et al., 2014;
Baranek et al., 2006) also existed in this general popu-
lation of preschoolers. However, the associations
among the factors and frequency of behaviors differed
from those in studies of clinical samples. Likewise, the
SEQv2.1 factor loadings for the present sample were
more widely spread out and lower, especially for items
in the hyperresponsiveness category. Smaller factor
loadings and lower levels of item endorsement in a
community sample as compared with the literature for
clinical groups are understandable, given that these
constructs are generally used to capture atypical sen-
sory features (deviations from normative development),
which are less likely to be endorsed in a general popu-
lation in which the vast majority of children are TD.
For example, in one study, young children with ASD
exhibited especially extreme hyporesponsiveness, which
discriminated these children from both TD and DD
children. Hyperresponsiveness, however, was more
similar among clinical groups (e.g., those with ASD
and DD) but still different from among TD children
(Baranek et al., 2006).

The evidence of the three-factor structure—HYPO,
HYPER, and SIRS—in this community sample of
3-yr-olds suggests that these sensory response patterns
are present in normative development to some degree
and may reflect similar mechanisms supporting sen-
sory modulation. Given that sensory modulation refers
to a person’s ability to regulate and respond to sensory
input from internal (e.g., proprioceptive) or external
(e.g., auditory) sources adaptively (Mulligan, 2002), it
may be considered under a broader framework of self-
regulation in child development (Fox & Polak, 2004).

Self-regulation abilities mature rapidly around the
preschool years, with increasing attentional, social, and
cognitive capacities to process and respond to environ-
mental inputs in effortful and voluntary ways (Eisenberg
et al., 2011; Montroy et al., 2016). It is possible that sen-
sory response patterns change with age, reflecting, to
some degree, the maturation of a variety of neurodeve-
lopmental systems, such as attentional control (flexible

Table 2. Between-Factor Correlations for Sensory
Response Patterns

Factor 1 2 3

1. SIRS 1.00

2. HYPO .43 1.00

3. HYPER .44 .70 1.00

Note. HYPER 5 hyporesponsiveness; HYPO 5 hyperresponsive-
ness; SIRS 5 sensory interests, repetitions, and seeking
behaviors.
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attention disengagement and shifting), social cognitive
functioning, and emotion regulation, as well as sensory
reactivity. Disruptions or atypical development in such
underlying systems may contribute to sensory features
commonly observed in clinical samples of children with
ASD and DD. In a community sample in which child-
ren’s level of sensory features is overall low, challenges
with sensory reactivity may be present but may not be
at levels of severity or frequency critical enough to inter-
fere with adaptive behavior or participation. Although
the general population and clinical groups display

similar observable behaviors but to a different degree
quantitatively, it is also possible that qualitative differ-
ences in sensory experiences (Dickie et al., 2009) or
underlying neural mechanisms may be present. It could
be that more intense sensory features observed in TD
children at young ages are transitory in development
and later disappear from the behavioral repertoire
except under more stressful environmental conditions
(Cermak & Daunhauer, 1997; Harricharan et al., 2019)
but persist with delayed or disrupted development in
clinical populations.

Table 3. Item Endorsement and Standardized Factor Loadings

Items Endorsementa (%)

Factor Loadings

R2SIRS HYPO HYPER

1. React sensitively to unexpected/loud sounds 13.7 .52 .67

3. Ignore name call 3.0 .57 .56

4. Tune-out loud noises 2.0 .37 .29

6. Show distress during loud conversations 5.6 .60 .53

8. Disturbed by light 3.1 .49 .25

9. Stare at spinning lights or objects 5.2 .52 .55

10. Slow to notice new objects in the room .6 .73 .75

11. Avoid looking at people during social play 1.2 .64 .77

12. Ignore when someone new enters the room 1.0 .58 .46

14. Dislike cuddling or being held 5.1 .39 .27

15. Show distress during grooming 10.6 .56 .34

16. Avoid touching certain textures 2.0 .60 .39

17. React negatively when being touched 1.8 .67 .51

18. Dislike being in the water 1.9 .45 .27

19. Slow to react to pain 3.3 .50 .26

20. Dislike being tickled 1.6 .32 .12

21. Ignore when tapped on the shoulder .9 .70 .67

22. Refuse to try new foods 18.8 .49 .99

23. Smell objects or toys 3.0 .58 .34

24. Interested in the way people smell 3.7 .54 .32

25. Put nonfood items in mouth 6.1 .41 .18

27. Like to jump, rock, or spin 38.8 .41 .66

28. Seek out physical rough-housing play 40.2 .37 .43

29. Uneasy on a swing 1.0 .47 .24

30. Flap arms/hands repeatedly 3.8 .58 .38

36A. Extremely fascinated with sounds 12.2 .81 .65

36B. Extremely fascinated with lights 8.7 .85 .73

36C. Extremely fascinated with smells 4.5 .82 .69

36D. Extremely fascinated with tastes 4.9 .84 .76

36E. Extremely fascinated with textures 5.7 .85 .82

36F. Extremely fascinated with touch 7.4 .86 .89

38. Selective in food preferences 26.5 .43 .57

Note. HYPER5 hyporesponsiveness; HYPO5 hyperresponsiveness; SIRS5 sensory interests, repetitions, and seeking behaviors.
aEndorsement rate for response categories 4 (frequently) and 5 (almost always), which denote atypicality.
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Although the occurrence of children’s sensory fea-
tures was overall low in our community sample of
preschoolers, SIRS behaviors were relatively more
strongly endorsed than HYPO or HYPER behaviors.
Ben-Sasson et al. (2007) similarly showed that rela-
tively fewer TD toddlers engaged in extreme
underreactivity and overreactivity, but they engaged in
more seeking than those with ASD. It is possible that
some SIRS behaviors may reflect beneficial explora-
tions of the environment (especially in young TD
children), whereas the presence of these behaviors later
in development may suggest delays in development
and potential interference with adaptive behavior.
Thus, it is likely important to evaluate sensory features
in the context of the child’s age or developmental
stage, as well as across situations.

An interesting finding was that the intercorrelations
among the three sensory response patterns in our sam-
ple were somewhat different than those reported in
large clinical samples. Ausderau et al. (2014) found a
stronger association between HYPO and SIRS (r 5
.64) than between HYPO and HYPER (r 5 .49) in a
large sample of children with ASD ages 2 to 12 yr,
whereas in the present community sample of children
age 3 yr, the associations were stronger for HYPO and
HYPER (r 5 .70) than for HYPO and SIRS (r 5 .43).
This different pattern of correlations may reflect
broader self-regulatory trends typical of children in
this period. As young children transition to increas-
ingly voluntary self-regulatory behaviors that require
environment-specific adjustments (Calkins & Willi-
ford, 2009), they may be prone to more fluctuation
and shifting between under- and overreactivity, which
affects optimal engagement (e.g., Baranek et al., 2001),
until the behavioral repertoire becomes more stable.
Also, given that the SEQv.2.1 is a parent survey, it
may be possible that different caregiving experiences,
perceptions, and expectations may have influenced the
endorsement of various sensory features.

Finally, measurement invariance analyses across sex
revealed that item responses from parents of boys ver-
sus girls were not only similar in the number of
factors and their pattern of factor–item associations,
but were also equivalent in the scales of response cate-
gories and factor loadings. Thus, SEQv2.1 factor mean
scores appear comparable and can be used for both
boys and girls at this age.

Limitations
Our community sample size was very large but
focused solely on caregiver reports on 3-year-old chil-
dren. Future research could benefit from expanding
the age range of children in community samples and
also from prospectively studying children in both TD
and various clinical populations over time using both
caregiver and observed measures of sensory response
patterns. More studies are also needed on the predic-
tive value of sensory processing measures to adaptive
behavior and participation outcomes. Finally, because

the current study aimed to replicate earlier studies that
included mainly English-speaking families and lacked
versions of the instrument translated into other lan-
guages, the majority of participants in this study were
White European-Americans. However, considering
that occupational therapists serve clients from diverse
ethnic and racial backgrounds, future research is
needed that includes more diverse participants and
examines the generalizability of the findings across dif-
ferent populations.

Implications for Occupational
Therapy Practice
This study has the following implications for occupa-
tional therapy practice:

� The SEQv2.1 can be used in a general population
of preschoolers to identify three sensory
response patterns: HYPO, HYPER, and SIRS.

� The short length and parent-report format of
the SEQv2.1 make it efficient for clinical practi-
tioners to use in assessing sensory challenges
that may be associated with a child’s daily
functioning.

� Evaluation of a child’s sensory processing pat-
terns with a validated measure such as the
SEQv2.1 would allow for more targeted inter-
ventions that can lead to better outcomes.

Conclusion
This study demonstrated that three widely described
sensory response patterns previously described in clinical
samples—HYPO, HYPER, and SIRS—were also valid to
measure in a large community sample of preschool-age
children. Practitioners can use the SEQv2.1 with both
TD and clinical samples of children to better understand
how sensory features manifest in daily life activities.
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