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Abstract Unusual responses to sensory stimuli have been

described in autism spectrum disorder (ASD).The study

examined the frequencies of ‘unusual sensory interests’ and

‘negative sensory responses’ and their relation to func-

tioning in a large ASD population (n = 679). Having

‘unusual sensory interests’ was reported in 70.4 % and

‘negative sensory responses’ in 66.0 % of the ASD group.

Having ‘unusual sensory interests’ was associated with

more severe reported and observed autism symptoms,

lower cognitive ability and lower adaptive skills. In con-

trast, having ‘negative sensory responses’ was only asso-

ciated with more severe reported stereotyped behaviors. It

is suggested that having ‘unusual sensory interests’ is a part

of a primary more severe type of ASD involving numerous

developmental domains that might have a unique neuro-

biological origin.

Keywords Autism spectrum disorders � Unusual sensory

interests � Negative sensory responses � Autism severity �
Adaptive skills � Cognitive ability

Introduction

Autism spectrum disorders (ASD) is now considered a

spectrum of heterogeneous disorders with wide variability

in the severity of the triad core symptoms, cognitive and

language abilities, etiology and underlying neurobiology

(Johnson and Myers 2007). Sensory processing difficulties

have been commonly described in ASD and have been

considered a prominent feature in the clinical presentation.

A criterion of ‘unusual sensory behaviors’ has been added

recently to the ‘restricted, repetitive patterns of behavior,

interests, and activities’ domain for ASD in the new DSM 5

(Mandy et al. 2012). The inclusion of sensory abnormali-

ties among the core ASD diagnostic criteria now requires

more in-depth research. It is important to assess both the

nature of these sensory problems and their association with

functioning in ASD.

Difficulty regulating responses to sensory stimuli in

ASD have been reported in different studies and are

manifested in three main sensory constructs. The main

types of sensory modulation difficulties include sensory

over-sensitivity/responsivity which refers to an exagger-

ated behavioral response to sensory stimuli. Sensory under-

sensitivity/responsivity is characterized by a failure to

respond to sensory stimuli as expected. The third construct

includes sensory-seeking behaviors that are characterized

by actions that intensify a sensory experience, such as

smelling, touching and/or staring at objects (Baranek et al.

2006; Kern et al. 2007; Lane et al. 2011, 2010; Miller et al.

2005, 2007; Rogers and Ozonoff 2005; Watson et al.

2011). Some researchers view sensory-seeking behaviors

as a compensatory mechanism used by an individual with

under-responsivity and did not differentiate between these

two constructs (Dunn 1997). Others distinguished behav-

iorally between under-responsivity that is associated with
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passivity and disengagement behaviors, in contrast with the

active engagement associated with sensory-seeking

behaviors (Baranek et al. 2006).

These sensory modulation difficulties are now reflected

in the new DSM 5 criteria. The new taxonomy includes

‘sensory hypo-reactivity’ that refers to ‘sensory under-

responsivity, ‘sensory hyper-reactivity that refers to ‘sen-

sory over-responsivity, and ‘unusual sensory interests that

refers to ‘sensory-seeking/craving. Of these sensory sub-

types, hypo-responsiveness, but not hyper-responsiveness

was more pronounced in ASD than in children with

developmental delays (Baranek et al. 2006). In addition,

studies differed in the methodology used for the assessment

of sensory abnormalities. Most of the studies used parents’

reports which utilized specific questionnaires, such as the

‘Sensory Profile’ (SP) (Hilton et al. 2007; Watson et al.

2011), the ‘Short Sensory Profile’ (SSP) (Baker et al. 2008;

Lane et al. 2010), and the ‘Sensory Experiences Ques-

tionnaire’ (SEQ) (Baranek et al. 2006). Watson et al.

(2011) added direct assessments of sensory abnormalities

in children with ASD using semi-structured measures

including ‘The Sensory Processing Assessment for Young

Children’ (SPA; Baranek 1999) and ‘The Tactile Defen-

siveness and Discrimination Test Revised’ (TDDT; Bara-

nek 1998), in addition to the parents’ reports. Three main

subtypes were identified using these comprehensive tools,

‘hypo-responsiveness’, ‘hyper-responsiveness’ and ‘sen-

sory-seeking’.

Whether sensory abnormalities are associated with the

clinical presentation in ASD is an important question. A

clear relationship between sensory processing abnormali-

ties and the clinical phenotype can explain some of the

heterogeneity seen in ASD. In addition, evaluating the role

of specific sensory abnormalities within the complex pic-

ture of ASD may influence intervention decisions and

prognosis.

Regarding the correlation between sensory abnormali-

ties and adaptive functioning, several studies reported

significant negative correlation mainly between sensory-

seeking behaviors and adaptive functioning (Lane et al.

2010; Liss et al. 2006). The relationship between sensory

abnormalities and cognitive ability in ASD has not been

directly assessed.

Regarding the association between sensory abnormali-

ties and autism symptoms severity, a meta-analysis of

sensory modulation problems in ASD revealed that these

sensory abnormalities occur across the entire autism

spectrum diagnoses (Ben Sasson et al. 2009). Several

studies specifically examined the relationship between

sensory abnormalities and the severity of the clinical pre-

sentation of ASD. Miller et al. (2005) found that high

functioning children with ASD with under-responsivity

tend to have more communication and stereotyped

behaviors problems. Multi-sensory impairments were pos-

itively associated with autism severity, especially in the

younger ages (Hilton et al. 2007; Kern et al. 2007).

The current study aims at elucidating the relationship

between specific sensory abnormalities and functioning in

a very large group of children diagnosed with ASD. The

study focused on two major sensory abnormalities, ‘unu-

sual sensory interests’ and ‘negative responses to sensory

stimuli’ as defined by a gold standard measure (ADI-R).

This diagnostic tool provides precise information regarding

these two sensory constructs, but does not specifically

discriminate between sensory-seeking behaviors and under/

hypo-responsivity. The current research investigates two

hypotheses regarding the existence of one or both of these

sensory abnormalities. These specific sensory abnormali-

ties might represent only the typical features of ASD as

suggested in the new DSM 5. Alternatively, one or both of

these sensory abnormalities may be associated with the

severity of the clinical presentation, in addition to being

one of the core symptoms in ASD.

Methods

Procedure

The study was conducted at ‘The autism center’, a national

tertiary center involved in diagnosis, treatment and

research in ASD. The children were referred to the autism

center for a comprehensive assessment of a possible

diagnosis of autism. The evaluation included a neurological

assessment by a pediatric developmental neurologist, and

behavioral and cognitive evaluations by a skilled interdis-

ciplinary team. Assessment of ASD was obtained using

standardized tests, the autism diagnosis interview-revised

(ADI-R) (Le Couteur et al. 2003) and the autism diagnosis

observation schedule (ADOS) (Lord et al. 1999), and

meeting criteria for autism/ASD based on DSM-IV criteria

(American Psychiatric Association 1994). Autism severity

was assessed by using the ADI-R algorithm scores in the

three domains (social interaction; communication; restric-

ted repetitive behavior—RRB), the ADOS algorithm

scores (social affect—SA; RRB) (Gotham et al. 2008), and

the ADOS severity scale scores (Gotham et al. 2009). A

multidisciplinary team of experts at the Autism Center

conducted the cognitive and the ASD assessments. All the

professionals involved in the diagnostic process established

reliability on the ADI-R and ADOS as required.

Cognitive and developmental abilities (IQ/DQ) were

assessed using The Mullen Scales of Early Learning

(Mullen 1995), Bayley Scales of Infant Development

(Bayley 1993), Wechsler Preschool and Primary Scale of

Intelligence (Wechsler, 1989), Stanford-Binet Intelligence
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Scales (Thorndike et al. 1986), Kaufman Assessment

Battery for Children-II (Kaufman 1983), or Wechsler

Intelligence Scale for Children IV (Wechsler 2003),

according to the child’s age and language level. IQ/DQ

scores were available for 317 individuals.

Assessment of adaptive skills was made using the

vineland adaptive behavior scales (VABS) (Sparrow et al.

1984). VABS scores were available for 545 participants.

Data was collected between February 2002 and December

2011.

Sensory abnormalities were defined in two different

types, ‘unusual sensory interests’ and ‘negative sensory

responses’. Information regarding sensory abnormalities

was obtained from the relevant ADI-R items (71–73) with

scores of one or above. In this study, inclusion in the

‘unusual sensory interests’ group was based on having a

score of one and above on the ADI-R item 71 (0–2 severity

scale). This item describes ‘unusual sensory interests’ that

refer to unusual strong or repeated reaction to, or seeking

of, stimulations from the basic sensation of sight, touch,

sound, taste, or smell, dissociated from meaning. Inclusion

in the ‘negative sensory responses’ group was based on

having a score of one and above on at least one of the ADI-

R items 72–73 (0–3 severity scale). Item 72 describes

‘undue general sensitivity to noise’ that refers to general

increased sensitivity to everyday sounds. Item 73 describes

‘abnormal idiosyncratic negative response to specific sen-

sory stimuli’ that involves some form of negative, emo-

tional reaction other than fear and the response must be

idiosyncratic. These sensory abnormalities should have

lasted for at least 3 months.

Participants

The study included 706 participants who underwent a full

diagnosis for ASD. Participants younger than 18 months

(n = 11) or those with diagnoses of specific syndromes

(n = 16) were excluded from the study. The final cohort

included 679 participants (590 males, 89 females), ranging

in age from 18 month to 15 year (M = 44.1 m. ±28.7),

who were diagnosed with ASD.

Measures

Autism Diagnostic Interview-Revised (ADI–R)

A semi-structured interview administered to parents,

designed to make a diagnosis of autism according to

DSM-IV criteria (Le Couteur et al. 2003). For assess-

ment of autism severity we used the ADI algorithm

scores in communication, social and stereotyped behavior

domains.

Autism Diagnosis Observation Schedule (ADOS)

A semi-structured, interactive schedule designed to assess

social and communicative functioning (Lord et al. 1999).

Core autism symptoms severity was assessed using the new

ADOS algorithm scorings divided into social affect and

restricted repetitive behavior domains (Gotham et al. 2008)

and by the ADOS severity scale scores (Gotham et al.

2009).

Data Analysis

To compare the subgroups with and without the specific

sensory abnormalities, we used 2 9 2 MANCOVAs or

ANCOVA (with/without ‘unusual sensory interests’; with/

without ‘negative sensory responses’) controlling for age.

The dependent variables in the study were: the ADI-R

scores, the ADOS algorithm scores, the autism severity

scale scores, the VABS scores and the cognitive ability

(IQ/DQ scores).

Results

The frequency and type of the sensory abnormalities were

examined in the entire ASD group. Having ‘unusual sen-

sory interests’ was reported in 70.4 % and having ‘negative

sensory responses’ was found in 66.0 % of the ASD group.

Firstly, we divided the ASD group into two subgroups,

with and without ‘unusual sensory interests’. Next, we

divided the ASD group into two different subgroups, with

and without ‘negative sensory responses’. We then com-

pared the severity of core autism symptoms, cognitive

ability and adaptive functioning in these subgroups using

2 9 2 MANCOVAs adjusted for age (Table 1).

To assess the relationship between the presence of

‘unusual sensory interests’ or ‘negative sensory responses’

and autism symptoms severity, we compared the ADI-R

scorings of the reported autism symptoms, the ADOS

scorings of the observed autism symptoms and the ADOS

scorings of the ‘autism severity scale’ in the defined sub-

groups. Differences between the subgroups for each mea-

sure were analyzed. Differences in ADI-R scores revealed

‘unusual sensory interests’ main effect [F(3,672) = 13.1,

p \ .001, l2 = .055] and ‘negative sensory responses’

main effect [F(3,672) = 7.9, p \ .001, l2 = .034]. The

ASD subgroup with ‘unusual sensory interests’ had higher

ADI-R scores than the subgroup without ‘unusual sensory

interests’. Differences were statistically significant in all

the three examined domains in the ADI-R: social interac-

tion, communication and RRB (Table 1). The subgroup

with ‘negative sensory responses’ had significantly higher

ADI-R scores than the subgroup without ‘negative sensory
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responses’ only in the RRB domain [F(1,678) = 22.7,

p \ .001, l2 = .033].

Analyzing the differences in ADOS scores revealed only

‘unusual sensory interests’ significant main effect

[F(3,672) = 7.8, p \ .001, l2 = .034]. The ASD subgroup

with ‘unusual sensory interests’ had higher scores than the

subgroup without ‘unusual sensory interests’. Differences

were statistically significant in all the three examined

measures, social affect and RRB algorithm scores, and in

the autism severity scale scores (Table 1). No significant

differences in ADOS scores were noted between the groups

with and without ‘negative sensory responses’.

To examine the cognitive ability of the subgroups with/

without ‘unusual sensory interests’ and ‘negative sensory

responses’, we compared the IQ/DQ scores in all the

defined subgroups using a 2 9 2 ANCOVA adjusting for

age. The analysis yielded a significant ‘unusual sensory

interests’ main effect (Table 1). The subgroup with ‘unu-

sual sensory interests’ had significantly lower IQ/DQ

scores than the subgroup without ‘unusual sensory

interests’. No significant ‘‘negative sensory responses’’

main effect was observed.

To examine adaptive skills of the subgroups with/

without ‘unusual sensory interests’ and with/without

‘negative sensory responses’, we compared the VABS

scores in the defined subgroups using a 2 9 2 MANCO-

VA while adjusting for age. The analysis yielded a sig-

nificant ‘unusual sensory interests’ main effect [F(3,538) =

9.9, p \ .001, l2 = .052]. The subgroup with ‘unusual

sensory interests’ had significantly lower VABS scores

than the subgroup without ‘unusual sensory interests’ in

all the three examined domains: communication, daily

living skills and socialization (Table 1). No significant

‘negative sensory responses’ main effect was observed.

The analyses described above did not yield a significant

‘unusual sensory interests’ x ‘negative sensory responses’

interaction in all the examined measures. Having ‘nega-

tive sensory responses’ in addition to ‘unusual sensory

interests’ did not yield an additive negative effect on any

of the measures.

Table 1 Performance of the ASD groups with and without ‘unusual sensory interests’ (SI) on autism core symptoms severity (ADOS; ADI-R),

cognitive ability and adaptive behavior (VABS) measures

USI? USI- F l2

N 478 201

M SD M SD

ADOS

SA algorithm 13.7 4.8 11.5 4.9 16.6*** .024

RRB algorithm 4.7 1.7 4.2 2.0 8.5** .012

Severity scale 7.5 2.0 6.9 2.2 9.7*** .014

ADI-R

Social 17.7 11.9 13.6 6.1 13.6*** .020

Communication 11.0 3.7 10.7 4.1 9.4** .014

RRB 5.1 2.3 4.0 2.4 32.1*** .045

IQ/DQ scores

N 214 103

M SD M SD

75.3 21.1 83.8 22.5 4.9* .016

VABS scores

N 363 182

M SD M SD

Communication 71.9 13.9 80.7 19.7 28.4*** .050

ADL 69.3 12.3 73.7 11.7 14.7*** .027

Socialization 69.4 10.3 72.3 10.4 12.3*** .022

USI unusual sensory interests, SA social affect, RRB repetitive restricted behavior

* p \ .05, ** p \ .01, *** p \ .001
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Discussion

This study reports the high frequency of sensory abnor-

malities in a large well-characterized population diagnosed

with ASD. Having ‘unusual sensory interests’ are docu-

mented in 65 % and having ‘negative sensory responses’ in

70 % of the ASD population. The high rates of sensory

abnormalities are in accordance with previous ASD find-

ings (Baranek et al. 2006; Lane et al. 2010; Kern et al.

2007).

The current study shows that having ‘unusual sensory

interests’ is associated with more severe autism core

symptoms, as reported by the parents (ADI-R) and as

observed by the professionals (ADOS algorithm; ADOS

severity scale). In addition, the group with ‘unusual sensory

interests’ presents with lower cognitive ability and lower

adaptive functioning. In contrast, having ‘negative sensory

responses’ in ASD is associated only with the severity of

the RRB domain as reported by the parents (ADI-R), but is

not related to other measures of autism severity. Moreover,

having ‘negative sensory responses’ is not related to cog-

nitive ability or to adaptive functioning. Thus, it appears

that a complex and more severe clinical presentation in

ASD is highly associated only with ‘unusual sensory

interests’, but not with ‘negative sensory responses’.

Several studies address the relationship between sensory

abnormalities and autism severity. However, studies differ

in their definitions of sensory abnormalities. The ‘unusual

sensory interests’ concept, used in the current study,

overlaps in many ways with the ‘sensory seeking’ concept

in other studies. The ‘negative sensory responses’ concept

used in this study overlaps with definitions of ‘sensory

hypersensitivity’ and ‘sensory avoiding’ concepts in other

studies. Studies used different tools to evaluate sensory

modulation difficulties. Most studies used sensory ques-

tionnaires (e.g. Baker et al. 2008), while others added

direct assessment tools (Baranek 1998). Most studies used

a single measurement (Lane et al. 2010; Baker et al. 2008;

Hilton et al. 2007), while Watson et al. (2011) used a

combination of multiple assessments. The current study

used the ADI-R to evaluate sensory modulation difficulties

and, therefore, looked at two main sensory constructs but

not at the under-responsivity sensory type that was exam-

ined separately by others. These differences in assessment

methods might capture different information on the child’s

status and explain some of the different results. Parents’

questionnaires include information that is based on exten-

sive experience with the child’s responses to a range of

sensory stimuli in various environments. However, the

information might be biased by the level of parental

understanding and subjectivity. Direct assessments are

more restricted in the environment and experiences.

However, they are evaluated by professionals in this field.

In addition, different sensory questionnaires capture dif-

ferent information regarding the sensory abnormality types

and modalities. A semi-structured interview such as the

ADI-R has the advantage of gathered information that is

based on parental experience and the interview conducted

by a professional, expert in ASD, who directs and clarifies

the questions and afterward can evaluate the nature and

severity of the responses. However, the ADI-R is limited in

the number of questions that are specific for sensory

modulation difficulties. Watson et al. (2011) examined the

association between patterns of sensory responsiveness

(hyper; hypo-responsiveness; sensory seeking) and the

severity of the social-communication symptoms in ASD

(n = 72), using the ADOS social-communication algo-

rithm. In this study, the findings follow the same direction

as the current study in that sensory seeking but not hyper-

responsiveness is positively associated with social-com-

municative symptoms severity. Liss et al. (2006) also

found that hypo-responsiveness and sensory seeking in an

ASD population (n = 222) correlate positively with both

social and communication symptoms severity using the

DSM-IV checklist. Hyper-responsiveness correlates only

with social symptoms but not with communication symp-

toms severity. Hilton et al. (2007) reported that the severity

of the sensory dysfunction in children with high-function-

ing ASD (n = 36), aged 6–10 years, is significantly related

to autism severity. This study found that sensory seeking,

sensory sensitivity and sensory avoiding (Sensory Profile

questionnaire) are all positively associated with the extent

of the social severity [Social responsiveness scale (SRS)

parents form]. The findings in the current study on ‘unusual

sensory interests’ and autism severity are in the same

direction as the results on sensory seeking reported by

Hilton et al. However, these researchers reported a positive

relationship between sensory hyper-sensitivity and sensa-

tion avoiding and autism severity, while the current study

described a positive relationship between ‘negative sensory

responses’ and only the severity of the reported RRB

symptoms but not the other autism severity measures

(social, communication in the ADI-R and ADOS, RRB-

ADOS, ADOS severity scale). Differences might stem

from the inclusion of different ASD populations (high-

functioning in Hilton’s study vs. the entire autism spectrum

in our study), different age range, different use of autism

severity measures (SRS vs. ADI-R and ADOS), and the

sample size.

In most of the previous studies, including the current

one, there is an agreement that sensory seeking/’unusual

sensory interests’ symptoms are strongly associated with

autism symptoms severity. Differences between the studies

are mostly centered on the correlation between hyper-

responsivity/’negative sensory responses’ and autism

severity.

J Autism Dev Disord

123



The current study finds that having ‘unusual sensory

interests’, but not ‘negative sensory responses’, is associ-

ated with lower functioning in both cognitive ability and all

the adaptive skills domains (communication; daily living;

socialization). Previous studies that examined the associa-

tion between sensory abnormalities in ASD and function-

ing in adaptive skills described a similar trend, but findings

were more modest. Watson et al. (2011) reported a trend of

negative association between sensory seeking and social

adaptive skills domain of the VABS. Lane et al. (2010)

found that patterns of sensory abnormalities (under-

responsiveness; sensation seeking; low energy/weak) are

associated with communication impairments and mal-

adaptive behavior on the VABS. Liss et al. (2006) found

only weak associations between sensory abnormalities and

functioning in socialization and communication domains of

the VABS. Specifically, sensory over-reactivity is nega-

tively related to social adaptive skills, and sensory seeking

behavior is negatively related to communication adaptive

skills. In the current study, a definite association between

‘unusual sensory interests’ and lower adaptive skills in all

the domains was found, unlike the weak or partial associ-

ation described in previous studies. It might be that the

large size of the ASD population included here enables

trends of negative association between ‘unusual sensory

interests’ and adaptive skills to be more pronounced.

The current study finds a negative relationship between

‘unusual sensory interests’ and cognitive ability, indicating

that an ASD population with ‘unusual sensory interests’

has lower cognitive ability than the population without

‘unusual sensory interests’. Watson et al. (2011) found that

sensory seeking and hypo-responsiveness but not sensory

hyper-responsiveness are negatively associated with a

language quotient derived from language measures [MSEL

and preschool language scale (PLS-4) scores]. Other

studies have not specifically addressed the association

between sensory abnormalities and cognitive abilities in

ASD.

In general, our findings support the hypothesis that

sensory abnormalities may reflect a distinct clinical phe-

notype, in addition to being one of the core symptoms in

ASD. Specifically, the study indicates that having ‘unusual

sensory interests’ is highly associated with a more severe

clinical presentation in all aspects of functioning, including

autism severity, cognitive abilities and adaptive function-

ing. These findings add to our understanding of the heter-

ogeneity of the clinical presentation in ASD.

The findings of the current study suggest that ‘unusual

sensory interests’ is a marker of a primary severe presen-

tation of ASD that involves numerous developmental

domains and may represent a unique neurobiological sub-

type. The extensive involvement of the CNS reflected in

social-communication and cognitive deficits might refer to

a widespread insult to the brain that has a unique genetic

and neurobiological origin. In addition, having ‘unusual

sensory interests’ might interfere with learning, more than

avoidance from certain stimuli, possibly due to the exces-

sive preoccupation with sensory stimuli characterized by

this sensory construct.. Having this specific sensory

abnormal pattern may lead the child to focus on the sensory

aspects of stimuli in the environment and prevent the child

from meaningful exploration of the environment.

The current study has several clinical implications. The

new DSM 5 includes sensory abnormalities as a core cri-

terion for ASD within the RRB domain. Based on the

results of the current study, it is highly important to eval-

uate the type and severity of the sensory abnormality

during the diagnostic process of ASD. Individuals with

‘unusual sensory interests’ are at a high risk for a more

severe clinical presentation and, therefore, require a more

comprehensive assessment of cognitive and adaptive

functioning and a more rigorous treatment approach. In

addition, the current findings raise the necessity of devel-

oping a more focused intervention to address symptoms of

‘unusual sensory interests’. Reducing the severity of

‘unusual sensory interests’ with intervention might

improve outcome in various developmental domains.

The current study has several strengths. One is the large

sample size of a well-characterized ASD population. The

large sample size allowed us to use a statistical method that

examined the association between four sensory subgroups

(with ‘unusual sensory interests’, with ‘negative sensory

responses’, with both sensory abnormalities, without any

sensory abnormality) and functioning. In addition, the

study examined several developmental areas (autism

symptoms severity; cognitive ability; adaptive skills) using

standardized tests. The use of these comprehensive

assessments promotes a broader understanding of the

clinical presentation in ASD with specific sensory

abnormalities.

This study has two limitations. Firstly, the information

on sensory abnormalities is derived from the ADI-R related

items and not from specific sensory profile questionnaires.

In addition, the study lacked a question that measure hypo-

responsivity. Nevertheless, the ADI-R is a gold standard

test with high validity. Previous research used ADI-R

specific items to measure severity of ASD specific symp-

toms, such as stereotyped behaviors (Honey et al. 2008;

Moore and Goodson 2003). Secondly, the cognitive data

are available for a large population (n = 317), but not for

all the ASD participants.

The above findings emphasize the need for further

examination of sensory abnormalities in ASD that now

play a major role in the diagnostic process of the disorder.

The results of this study may suggest that a population with

ASD and a complex clinical presentation including having
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‘unusual sensory interests’ may indicate a unique neuro-

biological origin that requires further exploration using

advanced imaging and genetic techniques.
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