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Abstract Sensory reactivity is a new DSM-5 criterion for

autism spectrum disorder (ASD). The current study aims to

validate a clinician-administered sensory observation in

ASD, the Sensory Processing Scale Assessment (SPS). The

SPS and the Short Sensory Profile (SSP) parent-report were

used to measure sensory reactivity in children with ASD

(n = 35) and typically developing children (n = 27).

Sixty-five percent of children with ASD displayed sensory

reactivity symptoms on the SPS and 81.1 % on the SSP.

SPS scores significantly predicted SSP scores. We next

identified the five SPS tasks that best differentiated groups.

Our results indicate that a combination of parent-report and

at least the five most differentiating observational tasks

may be most sensitive in identifying the presence of sen-

sory reactivity issues.

Keywords Autism spectrum disorder � Sensory
reactivity � Sensory Processing Scale Assessment � New
DSM-5 criterion

Introduction

One of the major changes to the criteria for autism spec-

trum disorder (ASD) in the fifth edition of the Diagnostic

and Statistical Manual of Mental Disorders (DSM-5) is the

addition of sensory reactivity symptoms to the restricted

and repetitive behavior domain. Specifically, ‘‘hyper- or

hypo-reactivity to sensory input or unusual interest in

sensory aspects of the environment (e.g., apparent indif-

ference to pain/temperature, adverse response to specific

sounds or textures, excessive smelling or touching of

objects, visual fascination with lights or move-

ments)’’(American Psychiatric Association 2013). Hyper-

reactivity in the DSM-5 is characterized as an ‘‘adverse

responses to stimuli’’, hypo-reactivity as an ‘‘indifference’’

to sensory stimuli, and unusual interest as ‘‘fascination with

stimuli’’ or sensation seeking. The definition and nomen-

clature for sensory reactivity varies greatly across profes-

sional disciplines and includes terms such as sensory over-

responsivity (Schoen et al. 2008), enhanced perceptual

functioning (Mottron et al. 2006), tactile defensiveness

(Baranek et al. 1997; Goldsmith et al. 2006), sensory

integration disorder and hyper-responsivity (Ayres and

Tickle 1980). To be consistent with the DSM-5, we will

use the term sensory reactivity to refer to responses to

sensory stimuli in the environment.

Methodology for measuring sensory reactivity also

varies across clinical and research fields. There are a wide

range of sensory reactivity measures including question-

naires and observational assessments. Results from autism
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studies indicate that 60–90 % of individuals with ASD

show sensory reactivity issues on parent- or self-reports

(Lane et al. 2011; Tomchek and Dunn 2007). The Short

Sensory Profile (SSP) (Dunn 1999; Lane et al. 2011;

Tomchek and Dunn 2007) is a validated and standardized

parent-report questionnaire that measures sensory reac-

tivity by assessing the frequency of behaviors and

responses towards sensory stimuli (Eeles et al. 2013;

Lane et al. 2011; Tomchek and Dunn 2007). Differences

in the SSP between individuals with and without ASD

have been confirmed cross-culturally (Cheung and Siu

2009) and are evident across the lifespan (Kern et al.

2007a). There are several other sensory questionnaires,

such as the Sensory Processing Inventory, which exami-

nes independent sensory domains (vision, hearing, and

touch) (Schoen et al. 2008, 2014) and was originally

developed for children with sensory processing disorders.

The Sensory Experiences Questionnaire is another parent

rating scale, which investigates sensory patterns such as

hyper- and hypo-reactivity in children with and without

ASD (Baranek et al. 2006). Other validated question-

naires include the Sensory Processing Measure (SPM),

which is a parent-or-teacher rating scale that measures

sensory functioning in school-aged children (Boyd et al.

2009). In general, sensory questionnaires are considered

valuable screening tools for sensory issues and have the

advantage of being low cost and easy to administer

(Hoyle et al. 2001). However, retrospective parent- or

caregiver- reports are subject to recollection bias and

inaccurate responses (Hoyle et al. 2001). Direct clinician-

administered observational assessments of sensory reac-

tivity may provide greater objectivity and improved

sensitivity and specificity.

The Sensory Processing Scale Assessment (SPS; pre-

viously called ‘‘SenSOR’’) (Schoen et al. 2008, 2014) is a

clinician-administered observation tool, which examines

several senses, including vision, hearing and touch. The

SPS identifies sensory hyper-reactivity, hypo-reactivity or

seeking behaviors in children and adults (Schoen et al.

2008). Other sensory observation tools also exist,

including the Sensory Integration and Praxis Tests (SIPT)

(Ayres and Tickle 1980; Ayres 1989) the Sensory Pro-

cessing Assessment for Young Children (SPA) (Patten

et al. 2013), the Tactile Defensiveness and Discrimination

Test—Revised (TDDT-R) (Baranek and Berkson 1994)

and the Infant Test of Sensory Functioning (Boyd et al.

2010; Eeles et al. 2013). The SPA for example measures

sensory hyper- and hypo-reactivity to novel and unex-

pected sensory stimuli in children as young as 9 months

up to 6 years (Baranek et al. 2007). While other obser-

vations focus on just one sense, the SPS is unique in that

it allows for clinician observation of symptoms included

in the DSM-5 criteria for ASD of hyper-reactivity,

hyporeactivity and seeking behaviors in multiple sensory

domains.

In summary, despite the fact that sensory reactivity is

widespread in ASD and causes substantial impairment in

social functioning and adaptive behavior (Boyd et al. 2009;

Hilton et al. 2010; Pfeiffer et al. 2005), there is no con-

sensus on how to best measure sensory reactivity. While

parent-report questionnaires have been widely used, there

is a need for more objective direct clinical assessment as

well. The goal of the current study is to use the SPS to

capture hyper- and hypo-reactivity to sensory stimuli and

sensation seeking behaviors across multiple sensory

modalities for children with ASD and to (1) examine the

reliability of the SPS in an ASD sample, (2) examine

convergent validity of the SPS relative to the SSP, and (3)

determine which SPS items were most informative in order

to simplify the SPS and optimize its use within this

population.

Methods

Participants were recruited as part of ongoing studies at the

Seaver Autism Center for Research and Treatment at the

Icahn School of Medicine at Mount Sinai. The Mount Sinai

Institutional Review Board approved the current study.

Informed consent was obtained from all parents/guardians

and assent was obtained from participants over the age of

seven when appropriate.

Participant Characteristics

Thirty-five children with ASD and 27 typically developing

(TD) controls participated in this study. The ASD group

(28 males; mean age 8.7, SD 2.8, range 4–14; mean IQ

103.1, SD 16.6, IQ range 80–132) and the TD group (12

males; mean age 9.5 years, SD 3.2, range 5–16; mean IQ

109.2, SD 13.6, IQ range 90–128) did not differ by age

(p = .61) or IQ (p = .21). Cognitive functioning was

measured using the Wechsler Abbreviated Scale of Intel-

ligence (Wechsler 1999). ASD diagnoses were determined

based on the Autism Diagnostic Observation Schedule,

Second Edition (ADOS-2) (Lord et al. 2012), the Autism

Diagnostic Interview- Revised (ADI-R) (Lord et al. 1994),

psychiatric evaluation, and DSM-5 criteria. One participant

out of original 36 participants with ASD was excluded

because of failure to meet on ADOS-2 and ADI-R. All

remaining 35 children with ASD included in the analysis

met ADOS-2, ADI-R, and DSM-5 criteria. In addition, the

Autism Spectrum Quotient (AQ) was used to screen for

ASD traits in the TD group (Auyeung et al. 2008; Baron-

Cohen et al. 2006; Bastiaansen et al. 2011). The AQ is a

50-item questionnaire with five subscales measuring
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autistic traits; social skills, attention switching, attention to

detail, imagination, and communication (Auyeung et al.

2008; Baron-Cohen et al. 2006; Bastiaansen et al. 2011).

Results from the AQ have been replicated cross-culturally

(Hoekstra et al. 2008) and across different age groups

(Auyeung et al. 2008; Baron-Cohen et al. 2006) with good

test–retest reliability. A cut-off of above 26 on a scale of

0–50 is indicative of clinically significant ASD traits. All

participants in the TD group scored below the cut-off for

ASD.

Sensory Questionnaires

Short Sensory Profile (SSP)

The Short Sensory Profile (SSP) was used to measure

parent-reported sensory reactivity. The SSP is derived

from the longer Sensory Profile, a 125-item questionnaire,

which was standardized on a sample of over 1000 typi-

cally developing children (Dunn 1999). The SSP consists

of 38-items in which parents rate how often their child

shows a particular behavior (e.g., ‘‘prefers to be in the

dark’’), using a five-point Likert scale that ranges from

always (1) to never (5). Higher scores reflect more typical

behavior. The SSP has high internal reliability (.90–.95)

(Dunn 1999) and shows sensory differences in up to 90 %

of children and adults with ASD compared to controls

(Crane et al. 2009; Dunn et al. 2002; Kern et al. 2007b;

Kientz and Dunn 1997; Leekam et al. 2007; Tomchek and

Dunn 2007; Watling et al. 2001; Wiggins et al. 2009).

Since the SSP is one of the most widely used sensory

measures in children with ASD, convergent validity with

the SSP and item reduction analysis was conducted to

examine the psychometric properties of the SPS in chil-

dren with ASD.

Sensory Processing Scale Assessment (SPS)

The Sensory Processing Scale (SPS) was developed for

children with sensory reactivity difficulties and shows

strong reliability (scale reliability [.90) (Schoen et al.

2014).

Fifteen structured games are played during the SPS to

establish whether a participant displays sensory hyper-re-

activity, hypo-reactivity or craving/seeking behaviors.

Examples of tactile tasks include the ‘‘Paint your arm’’

game in which participants paint their arm with a feather, a

brush and a rough sponge, and the ‘‘Goo’’ game in which

participants remove 2 plastic animals from goo. Visual

tasks include tasks such as the ‘‘Sparkle’’ game, which

requires participants to observe a spinning sparkle wheel

for 20 s, and the ‘‘Round and Round’’ game in which

participants observe a black and white spinning wheel

move for 20 s. One example of an auditory task is the

‘‘Orchestra’’ game in which participants are asked to play

along to music and make noise with certain instruments. A

trained administrator (T.T.) conducted and scored the SPS

(Schoen et al. 2008, 2014).

Within each sensory domain (vision, hearing and

touch), a Global Clinical Impression (GCI) of sensory

symptoms or typical behavior was obtained based on a

behavioral scoring system (Schoen et al. 2014). Sensory

hyper-reactivity was identified when the following

behaviors were observed: adverse response, discomfort,

worries and/or avoidance. Such participants displayed

worry during the ‘‘Paint your arm’’ game by asking

whether a stimulus would hurt. Discomfort, such as gri-

macing or flinching, was also observed during the ‘‘Goo’’

game. Sensory hypo-reactivity was identified when par-

ticipants did not respond to sensory stimuli or were slow

to respond; for example, not noticing the roughness of the

sponge during the ‘‘Paint your arm’’ game. Sensory

seeking behavior was identified when a child continued to

use test items after tasks were completed and/or was

unable to disengage from sensory material, such as con-

tinuing to spin the sparkle wheel in the ‘‘Sparkle’’ game

for an inappropriate length of time. Typical behavior was

noted when the participant appeared comfortable, appro-

priately handled, and was aware of sensory material as

requested while completing each task within a reasonable

time frame.

Data Analysis

SPSS 22 was used to analyze the data. To investigate group

differences ANOVA and Chi-square tests were conducted.

Regression analysis and inter-rater reliability (IRR) was

used to compare measures and to quantify overlap between

them. Item distribution was used to identify the five most

informative SPS tasks in participants with ASD (Rust and

Golomok 1999).

Results

All participants’ parents were able to complete the parent-

report questionnaires. All TD participants and 97 % of

participants with ASD were able to complete the SPS.

Sensory Questionnaire: Short Sensory Profile (SSP)

Using ANOVA with group as a fixed factor and SSP total

scores as the dependent variable, children with ASD had

lower SSP total scores [F(1) = 26.2, p = .0001] than TD

children. Levene’s test showed that the variances were

equal for both groups [F(1) = 1.57, p = .21]. For the SSP,
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the manual classifies children as having ‘‘definite differ-

ences’’ in sensory reactivity, if the scores fall two standard

deviations away from the mean (see Table 1). Eighty-one

percent (81.1 %) of children with ASD were identified as

having ‘‘definite’’ sensory reactivity symptoms according

to the SSP.

Sensory Processing Observation (SPS)

Chi-square analysis showed a significant difference in the

distribution of SPS scores across groups, with children in

the ASD group exhibiting greater sensory reactivity

symptoms on the SPS (v2 = 23.5, p = .0001) (Table 1).

The SPS allowed investigation of sensory subtypes in

accordance with the DSM-5. In the visual domain, the most

common sensory symptom for children with ASD was

sensory seeking (33 %). In both the auditory (15 %) and

tactile (33 %) domains, the most common sensory symp-

tom for children with ASD was hyper-reactivity (see

Table 2).

Inter-Rater Reliability

To calculate inter-rater reliability, both assessments were

treated as independent ratings and the absolute agreement

was calculated by dividing the number of agreements by

the total number of possible agreements. The SPS and SSP

had an IRR of .74, meaning they agreed 74 % of the time.

Results from the SSP combined with the SPS indicated that

65 % of children with ASD were classified as having

definite sensory reactivity symptoms on both measures. No

participants in the typically developing group fell into this

category when both questionnaire and observation data

were included in the analysis.

Correlations and Regression Analysis

Correlation analysis showed that age, gender, and IQ were

not significantly correlated with any dependent variables

across groups (p[ .05) and within each group (p[ .05). A

linear regression analysis with SSP as the dependent vari-

able and SPS as the independent variable was conducted to

examine the relationship between the two measures. Scores

on the SPS significantly predicted scores on the SSP across

groups [R = .43, R2 = .19, F(1) = 13.50, p = .001].

Item Distribution Analysis and Item Reduction

An item distribution analysis was conducted for the SPS.

Items for which over 75 % of participants scored the same

were excluded as they were not informative (Rust and

Golomok 1999). The analysis identified five critical items:

Sparkles (vision), Round-and-Round (vision), Goo game

(touch), Paint your Arm (touch) and Orchestra (hearing).

The IRR between the full SPS and the five-item version is

.91.

Discussion

Since sensory reactivity symptoms are now part of the

DSM-5, it is crucial to establish consensus on how to

measure sensory reactivity for both clinical and research

purposes. We set out to test the use of a clinician-

Table 1 Percentage of

participants who fall into the

new DSM-5 criteria of sensory

reactivity symptoms

Percentage of sensory reactivity issues within each group ASD (%) TD (%)

Parent-report

Short Sensory Profile 81.1 15.4

Observation

Sensory Processing Scale Assessment 65.0 4.0

For the Short Sensory Profile (SSP) sensory reactivity is defined as falling into the category of definite

differences, which is two standard deviations away from the mean. For the Sensory Processing Scale

Assessment (SPS) children were classified as having sensory reactivity issues if they showed hyper-or-

hypo-reactive or sensation seeking behaviors during the observation, which was scored by a trained

experimenter

Table 2 Percentage of sensory hyper-and-hypo reactivity and sensation seeking across different modalities (vision, hearing, touch) on the

Sensory Processing Scale Assessment (SPS) with children with ASD

Only ASD Sensory hyper-reactivity (%) Sensory hypo-reactivity (%) Sensory seeking (%)

Vision 4.4 6.7 33.3

Hearing 15.6 2.2 6.7

Touch 33.3 6.7 2.2

The most common sensory symptoms for children with ASD are given in bold
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administered sensory observation tool, the SPS, compared

to a validated parent-report questionnaire, the SSP. Nearly

all (97 %) participants with ASD were able to complete the

SPS, suggesting that this seems to be a feasible measure of

sensory reactivity in verbal children with ASD. Further

studies are underway to test feasibility of clinician-ad-

ministered sensory observations for minimally verbal

children. The current study also showed that a significant

number of children with ASD (60–80 %) have sensory

reactivity issues across measures. This is consistent with

previous research showing that 60–90 % of individuals

with ASD show sensory reactivity issues on parent- and

self-report questionnaires (Ben-Sasson et al. 2007; Brown

et al. 2001; Crane et al. 2009; Dunn et al. 2002; Kern et al.

2006).

Our current study confirmed differences for children

with ASD on the SSP (Dunn 1999; Lane et al. 2011;

Tomchek and Dunn 2007) as compared to TD children. On

the SSP, 81 % of children with ASD fell into the category

of definite differences, with scores two standard deviations

away from the normed average. An advantage of inte-

grating sensory questionnaires, such as the SSP, into clin-

ical practice is to screen for sensory symptoms described in

the DSM-5 criteria for ASD. Nonetheless, because ques-

tionnaires are subjective, the current study also set out to

evaluate more objective clinician-administered measures of

sensory reactivity.

This was the first study to use the SPS on a sample of

children with ASD. Results showed that 65 % of the ASD

sample displayed sensory issues compared to only 4 % of

the TD sample. Specifically, 33 % of children with ASD

showed visual seeking behaviors, 15 % showed auditory

hyper-reactivity and 33 % showed tactile hyper-reactivity.

Notably, these categories directly correspond to DSM-5

criteria. With respect to the TD group, our results are

consistent with work on Sensory Processing Disorder

showing that 5–16 % of otherwise TD children show sen-

sory reactivity issues (Ahn et al. 2004; Miller et al. 2009).

All TD children and nearly all children with ASD (94 %)

successfully completed the SPS. Using item distribution

inspection, we identified the five most differentiating tasks:

two tactile tasks (Goo and Paint your Arm), two visual

tasks (Sparkle and Round-and-Round) and one auditory

task (Orchestra). These five tasks take about 10–15 min to

administer for children with ASD. Thus, rather than using

all 15 tasks, we propose using these five critical tasks when

assessing sensory reactivity in children with ASD (Schoen

et al. 2008). Future replication studies are important to

further validate this finding.

The SSP combined with the SPS indicates that 65 % of

children with ASD have definite sensory reactivity symp-

toms. None of the typically developing children fell into

this category when the questionnaire and observation were

combined, thus screening out participants who were likely

incorrectly identified on the parent-report alone. Overall,

results suggest that a combination of parent report ques-

tionnaires and clinician-administered observations may

result in a highly specific approach to most accurately

measure sensory reactivity.

Limitations

One limitation of the current study is the relatively small

sample size. Despite this, we identified both group differ-

ences and an overlap across measures. Another limitation is

the unequal gender ratio across groups with more male

participants in the ASD group. It is important to also

include female participants with ASD, as there is data to

suggest that females with ASD have more sensory issues

than males (Lai et al. 2011). Furthermore, our sample was

limited to children who were verbal and had IQs ranging

from 80 to 132. These results should be replicated in a

larger sample, with younger children, including children

who are minimally verbal and have intellectual disability.

Future studies should also test the SPS in children with

ASD compared to other clinical populations, such as

children with Attention Deficit/Hyperactivity Disorder

(ADHD).

Conclusion

This is the first study to test the use of a clinician-admin-

istered sensory observation, the SPS, in a sample of chil-

dren with ASD. In summary, we show that a significant

proportion of children with ASD have sensory reactivity

abnormalities on different sensory measures. Parent reports

and observations are important tools to screen for sensory

reactivity issues and are feasible within the context of both

clinical and research settings. Future research should focus

on further development and validation of sensory reactivity

measures for minimally verbal children (Patten et al. 2013).

Additional research is also needed to establish a consensus

about which measures should be used across disciplines

and settings. Eventually, sensory reactivity subgroups may

emerge to guide personalized therapies or to serve as

biomarkers for treatment response. Based on our current

results, we propose that a combination of a parent-report,

such as the SSP, and at least the five most differentiating

SPS observational tasks, would be the most sensitive and

least burdensome method to alert clinicians and researchers

to the presence of sensory reactivity issues.
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