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Abstract 

The objective of the current study was to investigate the explanatory role of sensory 

responsivity in the development of adaptive behavior for toddlers diagnosed with autism 

spectrum disorder (ASD). Prospective, longitudinal data were collected using the Sensory 

Experiences Questionnaire (SEQ) and Vineland Adaptive Behavior Scales (Vineland-II). 

Data were collected for 391 high-familial risk toddlers, 90 of whom received an ASD 

diagnosis based on clinical best-estimate. A series of multiple linear regression models 

were computed using sensory responsivity to predict later adaptive behavior 

development. The current study provided evidence that elevated sensory responsivity 

profiles, in particular sensory seeking, predict lower adaptive behavior outcomes for 

three-year-olds with ASD, with potential implications for early intervention. Overall, 

sensory seeking seems to be an influential predictor for adaptive behavior domain 

outcomes for toddlers with ASD.  

 Keywords:  autism, sensory, adaptive behavior, broader autism phenotype, 

longitudinal, sensory seeking, repetitive behavior
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Sensory Responsivity as a Predictor of Adaptive Behavior Development in Toddlers 

At-Risk for Autism Spectrum Disorders 

Atypical sensory responsivity is prevalent and problematic for children with 

autism and may have cascading developmental effects, particularly concerning deficits in 

adaptive skill development (Lane et al., 2010; Liss et al., 2006). Adaptive skill 

development facilitates participation in daily life activities; however, adaptive skills do 

not develop fluidly for all individuals. Researchers have found evidence to support that 

children with ASD often exhibit deficits in adaptive behaviors, particularly 

communication and socialization (Baker et al., 2008; O’Donnell et al., 2012). 

Additionally, there is longstanding evidence that children with ASD tend to exhibit 

atypical responses to sensory stimuli (Baranek et al., 2006; Jasmin et al., 2009; 

McCormick et al., 2016; O’Donnell et al., 2012; Wolff et al., 2019). Aberrations in the 

development of the sensory system may have secondary consequences on later 

developing systems, such as adaptive behavior (Watson et al., 2011; Williams et al., 

2018). Cross-sectional studies have shown that sensory responsivity and adaptive 

behavior development are associated (Baker et al., 2008; Jasmin et al., 2009; Liss et al., 

2006). However, research has not yet shown a developmental relationship between 

sensory responsivity and adaptive behavior in young children with ASD, particularly 

among infants and toddlers who go on to receive a diagnosis. Understanding the role of 

sensory responsivity in the development of adaptive behavior in toddlers with ASD could 

inform intervention.  
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Sensory responsivity in autism 

Atypical sensory responsivity is a core characteristic of ASD. The American 

Psychiatric Association (2013) included atypical sensory responsivity as diagnostic 

criteria for ASD in the most recent version of the Diagnostic and Statistical Manual of 

Mental Disorders (5th ed.; DSM-5) under the domain of restricted and repetitive behavior 

(RRB). Atypical sensory responsivity has a reported prevalence of at least 50% and up to 

87% in young children with ASD, 2–9 years of age (Baker et al., 2008; Baranek et al., 

2006; Jasmin et al., 2009, 2009; Lane et al., 2010; McCormick et al., 2016; O’Donnell et 

al., 2012; Rogers et al., 2003). Studies using parent-report measures have shown that 

children with ASD, 2–9 years old, demonstrate differences in sensory responses 

compared to neurotypical peers, children with developmental delays, and normative 

scores on parent-report measures, particularly in Under-responsive/ Sensory Seeking 

domains (Baker et al., 2008; Jasmin et al., 2009; Lane et al., 2010; McCormick et al., 

2016; O’Donnell et al., 2012; Rogers et al., 2003). Furthermore, preschool-age children 

with ASD demonstrate heterogeneity and variability in sensory responses (Jasmin et al., 

2009). Relatively less is known about sensory responsivity in infants and toddlers. 

However, differences in sensory responsivity have been reported in 12-month-old infants 

later diagnosed with ASD through observational or parent-report measures (Wolff et al., 

2019; Zwaigenbaum et al., 2005). Furthermore, differences in sensory responsivity were 

associated with brain development in infants, as young as 6 months old, later diagnosed 

with ASD (Wolff et al., 2017).  
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Atypical sensory responsivity is defined as a more extreme reaction to the sensory 

environment when compared to typically developing, same-aged peers and can be 

categorized into different sub-types or profiles (Ausderau et al., 2014; Lane et al., 2010; 

Tomchek & Dunn, 2007; Watson et al., 2011). In this study, three sensory profiles 

(hyper-, hypo-responsivity, and sensory seeking) were used to characterize how 

individuals with ASD respond to sensory stimuli. Hyperresponsivity includes 

exaggerated responsivity to sensory stimuli or indications of a low threshold for reactivity 

to elements of the sensory environment. Hyporesponsivity is a lack of or muted 

responsivity to sensory stimuli, which manifests as being under-responsive to the sensory 

environment. Sensory seeking is an intense fascination with sensory stimuli that can be 

repetitive and embodies as intensely seeking sensory stimulation in the surroundings. 

Sensory seeking behavior may be restrictive and repetitive. Engagement in restrictive and 

repetitive behavior is a core feature of ASD. It can be problematic for individuals when 

any of these sensory response patterns are extreme (Ausderau et al., 2014; Baranek et al., 

2006; Watson et al., 2011). 

Adaptive behavior 

Adaptive behavior is the set of conceptual, social, and practical skills that 

individuals regularly implement in everyday life, given their age (Tassé et al., 2012). 

Adaptive behavior refers to the development and implementation of skills related to 

personal independence and social competence (Sparrow, Balla, Cicchetti, Harrison, & 

Doll, 1984). The Vineland Adaptive Behavior Scales is a measure of adaptive behavior 

and yields an overall adaptive behavior composite in addition to scores for adaptive 
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behavior domains (Vineland II; Sparrow, Balla, & Cicchetti, 2005). Adaptive behavior 

domains include communication, daily living skills, motor skills, and socialization. 

Individuals with ASD have been found, on average, to have deficits in most 

domains of adaptive behaviors such as communication, socialization, and daily living 

skills (Baker et al., 2008; O’Donnell et al., 2012; Sacrey et al., 2019). These deficits have 

been observed in infants as young as 12 months, before ASD diagnosis, and become 

more severe with age (Sacrey et al., 2019). It is still unknown why individuals with ASD 

experience increasingly divergent adaptive behaviors over time.  

Theoretical support for links between sensory responsivity and adaptive behavior 

When sensory profiles are too extreme, they can interfere with how individuals 

interact with and learn from their environment. Extreme hyperresponsivity may cause 

individuals to be overwhelmed by their sensory environment, making meaningful 

interactions with their world difficult. Extreme hyporesponsivity may cause individuals 

to miss salient information in their environment, given diminished responses to sensory 

stimuli, including attempts from others for social engagement. Individuals with extreme 

sensory seeking profiles may fixate on specific aspects of their sensory environment and 

may not attend to salient environmental information. The severity and nature of sensory 

profiles range greatly within individuals with ASD; furthermore, the relation of such 

profiles to adaptive behavior is probably variable (Ausderau et al., 2014; Watson et al., 

2011; Williams et al., 2018). 

Extreme sensory responsivity may limit participation in daily routines, social 

experiences, and exploration of the environment, thereby impeding learning opportunities 
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to develop adaptive behavior skills (McCormick et al., 2016; O’Donnell et al., 2012; 

Zwaigenbaum et al., 2005). Extreme sensory responsivity manifests in sensory behaviors, 

that is, behaviors responding to sensory stimuli. Sensory behaviors could limit 

participation in routines and activities; additionally, sensory behaviors could increase 

parental stress and reduce teaching opportunities for caregivers and children to engage in 

constructive guidance (McCormick et al., 2016). Atypical sensory responses may limit 

participation in sensory experiences and hinder a child’s exploration of their environment 

(O’Donnell et al., 2012). For example, the tactile input from the living room rug may be 

an obstacle for a toddler with hyperreactivity in crawling across the living room floor. 

Meanwhile, it may be that extreme sensory reactivity is an obstacle for children with 

ASD to participate in and learn from social experiences. Furthermore, this early 

relationship between sensory responsivity and adaptive behavior may initiate an atypical 

pattern of development that could lead to cascading manifestations of autism 

(Zwaigenbaum et al., 2005).  

Cross-sectional support for associations between sensory responsivity and adaptive 

behavior 

Cross-sectional studies, sampling independent groups of 1–9-year-old children 

with ASD, have provided evidence that there is a concurrent association between sensory 

responsivity and adaptive behavior domains in toddlers and children with ASD. Sensory 

profiles have been negatively correlated with or explained variance in communication, 

socialization, and daily living skills in that more aberrant sensory profiles are associated 

with lower adaptive behavior scores (Baker et al., 2008; Lane et al., 2010; Liss et al., 
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2006; Wolff et al., 2019). Conversely, sensory seeking profiles have been positively 

correlated with or explained variance in motor skills (Jasmin et al., 2009; Tomchek & 

Dunn, 2007). Meanwhile, current knowledge of the developmental effect of sensory 

responsivity patterns on later adaptive behavior outcomes lacks as longitudinal studies 

are limited. 

Longitudinal relationship between sensory responsivity and adaptive behavior 

Few longitudinal studies have investigated the relationship between sensory 

responsivity and later adaptive behavior outcomes and have found mixed results 

(McCormick et al., 2016; Williams et al., 2018). McCormick et al. (2016) investigated 

the relationship between the development of sensory symptoms and adaptive behavior in 

children with ASD at three different time points, spanning 2–8 years of age. Overall, they 

found that typically developing peers scored, on average, 21 points higher than 

individuals with ASD on a parent-report sensory measure in which higher scores indicate 

less sensory symptoms. Contrary to expectation, they did not find a relationship between 

sensory symptoms and adaptive functioning, after controlling for verbal mental age. One 

limitation of the results of the study by McCormick and colleagues is that they used the 

overall adaptive behavior composite as an outcome rather than parsing adaptive behavior 

apart into domains (e.g., communication and socialization). 

Williams et al. (2018) investigated whether atypical sensory profiles (i.e., hyper-, 

hypo-responsivity, and sensory seeking) at age 5 predicted later adaptive behavior 

outcomes at age 9 in children with ASD compared to same-aged children with 

developmental delay (DD) in a longitudinal study. Adaptive behavior outcomes included 



 
 
 

SENSORY RESPONSIVITY AND ADAPTIVE BEHAVIOR IN ASD 7 
 

daily living skills, socialization, communication, and an overall adaptive behavior 

composite. They hypothesized that higher levels of sensory features would predict 

deficits in later adaptive behavior for the ASD and the DD group. In particular, higher 

levels of hyporesponsivity would predict later deficits in socialization and 

communication. Indeed, they found higher levels of hyporesponsivity and sensory 

seeking predicted lower socialization scores for children with ASD. They also found that 

higher levels of hyperresponsivity and sensory seeking predicted scores for lower daily 

living skills. Incidentally, they found mixed results regarding the effects of sensory 

profile on communication that varied due to measurement type. Their findings, using a 

longitudinal dataset, corroborate cross-sectional results that link atypical sensory profiles 

with deficits in adaptive behavior outcomes in elementary school-aged children with 

ASD. 

There is cross-sectional evidentiary support that atypical sensory responsivity 

may be, in part, responsible for the divergent development of adaptive behavior in ASD. 

However, there remains a paucity of longitudinal research investigating associations 

between atypical sensory responsivity and adaptive behavior in children, particularly 

during early childhood, when autism begins to emerge. In the present study, the goal was 

to downward extend the methods and procedures from Williams et al. (2018) to infants 

and toddlers at risk for ASD in a prospective, longitudinal study. 

The present study 

The specific aims of the study were: (1) to identify whether sensory responsivity 

explains variance in later adaptive behavior outcomes in toddlers with ASD and (2) 
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determine to what extent the present study corroborates patterns found in Williams et al. 

(2018). The hypotheses in this study apply to toddlers with ASD. The current hypotheses 

rely on the premise that infants later diagnosed with ASD will have higher sensory 

responsivity scores at 12 months of age than high-risk peers (McCormick et al., 2016; 

O’Donnell et al., 2012; Wolff et al., 2019). Another assumption the current hypotheses 

rely on is that toddlers diagnosed with ASD will have lower adaptive behavior outcome 

scores at 36 months of age than toddlers at-risk for ASD who do not develop ASD (Baker 

et al., 2008; O’Donnell et al., 2012). The main hypotheses in this study are as follows – 

(1) elevated hyper-, hypo-responsivity, or sensory seeking scores at 12 months of age will 

each explain variance in lower socialization scores at 36 months of age (Liss et al., 2006; 

Williams et al., 2018; Wolff et al., 2019); (2) elevated sensory seeking scores at 12 

months of age will explain variance in lower communication scores at 36 months of age 

(Liss et al., 2006; Wolff et al., 2019); and lastly (3) that there is a positive relationship 

between sensory seeking and motor skills (Jasmin et al., 2009; Tomchek & Dunn, 2007). 

The rationale for this study is that it is unknown how early sensory profiles relate to later 

adaptive behaviors in toddlers with ASD. A longitudinal study investigating this 

relationship between sensory response profiles in infants and adaptive behavior in 

toddlers with ASD could inform the nature of the relationship between sensory 

responsivity and the development of adaptive behavior. 
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Method 

This study analyzed data collected through the ongoing Autism Center of 

Excellence (ACE) Network Infant Brain Imaging Study (IBIS), a prospective, 

longitudinal study of brain and behavior in infants at high familial risk for autism and 

typically developing controls. 

Participants 

Participants included 391 toddlers at high risk for developing ASD, comprised of 

90 toddlers later diagnosed with ASD (HR-ASD), and 301 who did not develop ASD 

(HR-Neg). Toddlers are high-risk for developing ASD by having an older sibling 

diagnosed with ASD confirmed by the Autism Diagnostic Interview, Revised (ADI-R; 

Lord et al., 1994), and Social Communication Questionnaire (SCQ; Rutter, Bailey, Lord, 

& Berument, 2003). Group conditions were naturally observed based on diagnostic 

status. Descriptive and demographic data for participants are discussed in the results and 

included in Tables 1 and 2.  

Inclusion criteria for high-risk infants included age 12 months or less and an older 

sibling with a confirmed diagnosis of ASD. In order to target participants with ASD 

without comorbid conditions, participants were excluded from the study if they met any 

of the following exclusion criteria: (1) evidence of a genetic syndrome or condition; (2) 

significant neurological or medical condition affecting physical or cognitive 

development; (3) significant hearing or vision impairment; (4) gestational age <36 weeks 

or birth weight <2,000 grams or; (5) exposure to neurotoxins in utero or other significant 

perinatal adversity, (6) contraindication for MRI, (7) primary home language other than 
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English, (8) different biological parents than an older sibling with ASD, (9) first-degree 

relative with schizophrenia, bipolar disorder, or psychosis, and (10) twins. ASD diagnosis 

was confirmed when participants were two years of age; they were assessed by an 

experienced clinician, part of the IBIS research team, using DSM-IV-TR criteria for 

autistic disorder or PDD-NOS (collapsed herein as ASD). The Autism Diagnostic 

Observation Scale (ADOS; Lord et al., 2000), ADI-R, and the Mullen Scales of Early 

Learning (MSEL-ELC; Mullen, 1995) were used to form a clinical best-estimate 

diagnosis. After an experienced clinician diagnosed toddlers with ASD, a senior clinician 

who was naïve to diagnostic classification independently verified the diagnosis. 

 

Table 1 

Description of Participant Sample Size and Age  

Characteristic HR-ASD HR-Neg Full sample 

 M (SD) Range M (SD) Range M (SD) Range 

Sample size  

   Total  90  301  391  

   12-month  63  228  291  

   36-month 41  142  183  

Age  

   Elapsed 26.61 (4.69) 20–30  26.30 (4.53) 22–31  26.37 (4.56) 20–31  

   12-month 12.85 (1.28) 12–18  12.55 (0.61) 11–15  12.61 (0.81) 11–18 

   36-month 39.26 (4.44) 34–42  38.99 (4.66) 35–42  39.06 (4.60) 34–42  

Note. HR-ASD refers to the group of participants later diagnosed with ASD; HR-Neg 

refers to toddlers at risk for ASD who did not receive a diagnosis. Full sample is 

comprised of the HR-ASD and HR-Neg groups. Elapsed is the time between data 

collection at time 1 (12 months of age) and at time 2 (36 months of age). 
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Table 2 

Description of Participant Sociodemographics 

Characteristic HR-ASD HR-Neg Full HR sample 

 n % n  % n  % 

Sex  

   Female 19 21.1 137 45.5 156 39.9 

   Male 71 78.9 164 54.5 235 60.1 

Race  

   Asian/ Black/ Othera 3 4.1 12 4.8 15 4.6 

   More than one 6 8.2 20 7.9 26 8.0 

   White  64 87.7 220 87.3 284 87.4 

Ethnicity  

   Hispanic 4 5.5 18 7.2 22 6.8 

Maternal education  

   Some college or less 30 40.5 80 32.0 110 34.0 

   College degree 25 33.8 110 44.0 135 41.6 

   Graduate degree 19 25.7 60 24.0 79 24.4 

Income  

   < 50,000 19 26.0 55 23.0 74 23.7 

   50,000–150,000 28 38.4 88 36.8 116 37.2 

   > 150,000 26 35.6 96 40.2 122 39.1 

 Note. The HR-ASD group is comprised of n=90 toddlers who are later diagnosed with 

ASD. The HR-Neg group is comprised of n=301 toddlers at risk for developing ASD but 

do not receive a diagnosis. 

a Other includes Alaskan Native, Native American, and Pacific Islander. 

 

 

Recruitment of participants occurred through a variety of means, including 

research registries, flyers, brochures, email blasts, and community clinics near the 
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different clinical sites in the IBIS network. Participants were screened and assessed 

beginning at age 6- or 12-months at one of four clinical sites; the clinical sites for this 

study included the University of North Carolina – Chapel Hill, Washington University in 

St. Louis, University of Washington, and Children’s Hospital of Philadelphia. Data 

collection began in July 2007 and is ongoing. Participants were reimbursed separately 

($50) at each visit for participating in a behavioral assessment and magnetic resonance 

imaging for a total of $100 per visit. Participants were also reimbursed for travel 

expenses to get to the nearest IBIS clinical site and other related expenses. The Human 

Subjects Review Board for each site approved study procedures. Written and informed 

consent was obtained and documented for all participants.  

Measures 

The measures used to collect data for focal variables included in this study were 

the Sensory Experiences Questionnaire (SEQ 2.1; Baranek et al., 2006) and the Vineland-

II (Sparrow et al., 2005). Additional measures implemented were the MSEL (Mullen, 

1995), the ADOS (Lord et al., 2000), and the ADI-R (Lord et al., 1994).  

SEQ 

The Sensory Experiences Questionnaire, version 2.1 (SEQ; Baranek et al., 2006) 

is a parent-report questionnaire in which parents answer items about their child’s 

frequency of behavioral responses to sensory stimuli, designed to quantify sensory 

responses exhibited by children with ASD and DD. The SEQ (Version 2.1) has 53 total 

items comprised of 33 5-point rating scale items and 20 open-ended questions. The 5-

point rating scale items (Almost Never = 1 to Almost Always = 5) quantify child behavior 
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and produce sensory scores. The SEQ (Version 2.1) is different from the SEQ (Version 

1.0) in that it has additional items that fall under the sensory seeking profile. A 

confirmatory factor analysis validated the three sensory response patterns in the SEQ 

(Version 2.1; Watson et al., 2011). The SEQ (Version 1.0) has a test-retest reliability of 

.92 (intraclass correlation coefficient) for children with ASD or DD between the ages of 5 

months and 72 months (Little et al., 2011). The SEQ (Version 1.0) has an internal 

consistency (Cronbach’s alpha) of 0.8 (Baranek et al., 2006). The SEQ (Version 2.1) has 

been found to have the following internal consistency: Hyperresponsiveness = .73, 

Hyporesponsiveness = .75, Sensory Seeking = .80 (Baranek, Lorenzi, & Freuler, 2013). 

There is evidence of convergent and concurrent validity for the SEQ (Version 1.0; 

Baranek et al., 2006; Boyd et al., 2010; Watson et al., 2011).  

Vineland-II 

The Vineland Adaptive Behavior Scales (Vineland-II; Sparrow et al., 2005) is a 

standardized, semi-structured parent interview designed to assess daily functioning skills 

in the domains of communication, socialization, daily living skills, and motor skills. The 

Vineland-II uses data from these domains to compute an overall adaptive behavior 

composite; however, the current study only included adaptive behavior domain scores. 

MSEL 

The Mullen Scales of Early Learning (MSEL; Mullen, 1995) is a standardized 

developmental assessment appropriate for children from birth to 68 months of age that 

measures receptive and expressive language, fine motor skills, and visual reception. 
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These measures combine to form an Early Learning Composite (ELC) score, serving as 

an IQ proxy for young children.  

ADOS 

The Autism Diagnostic Observation Scale (ADOS; Lord et al., 2000) is a 

diagnostic assessment designed to evoke ASD-related behaviors such as restricted, 

repetitive behavior, and deficits in social communication through semi-structured play. 

Participants were assessed at approximately 24 months of age to inform diagnostic 

classification using the ADOS-G, the generic form of the ADOS. The ADOS provides 

standardized ASD severity scores to diminish the effects of age and IQ (Gotham et al., 

2009).  

ADI-R 

The Autism Diagnostic Interview-Revised (ADI-R; Lord et al., 1994) is a semi-

structured caregiver interview designed for caregivers of individuals with ASD that 

inquires about DSM-IV-TR and ICD-10 related criteria. The ADI-R was used to assess 

participants at approximately 24 months of age to inform diagnostic classification.  

Procedures 

Data for household income and maternal education were collected upon 

enrollment and verified at the second visit. Parent report forms (e.g., SEQ) were mailed 

to participants and completed before in-person assessments. Study personnel 

administered the Vineland-II, MSEL, ADOS, and ADI-R in person at one of the four 

clinical sites. 
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Statistical analysis 

The current study hypotheses were tested by computing twelve multiple linear 

regression models. The focal predictor in each model was a sensory responsivity profile 

(i.e., hyper-, hypo-responsivity, or sensory seeking), measured as three separate 

continuous variables. The outcome in each model was an adaptive behavior domain (i.e., 

communication, socialization, daily living skills, or motor skills) while controlling for 

sex, age at data collection for the 12-month visit, household income, maternal education, 

elapsed time between the age of data collection for the sensory profile scores at 12 

months of age and age of data collection for adaptive behavior domains at 36 months, the 

MSEL-ELC, and group. Models including an interaction between the group and sensory 

profile score were fit; however, none of the interaction terms contributed meaningfully to 

the model, so they were trimmed to main effects models. 

The R software was used for all data analyses (v. 3.6.1; R Core Team, 2019). 

Relevant data was contained in two datasets. Both datasets were loaded into R using the 

readxl package (Wickham & Bryan, 2019). Data subsets were created that included only 

the relevant variables using functions from the dplyr package (Wickham et al., 2019). 

These data subsets were merged.  

Some variables were added to the dataset by transforming existing variables. 

Williams et al. (2018) included elapsed time as a covariate, which was the elapsed time 

between data collection at 5 years of age and data collection at 9 years of age. This 

variable was created in the current dataset by subtracting the age of data collection for 

SEQ (Version 2.1) at 12 months of age from the age of data collection for Vineland-II at 
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36 months of age. Another covariate considered in the Williams study was income. The 

income variable was a categorical variable comprised of income ranges. For the multiple 

linear regression analysis, an indicator variable was created for income to transform 

income into a numerical variable. Each SEQ sensory response pattern score was divided 

by the number of questions that contributed to that score to find the item mean score for 

each raw SEQ sensory response pattern score. The SEQ item mean score was used for all 

analyses. The variable indicating whether a participant received an ASD diagnosis was 

converted from a numerical variable to a factor with two levels, HR-ASD and HR-Neg.  

Vineland-II variables were evaluated for any values coded as 0 or −99. Some 

data collection sites used values such as 0 or −99 when data was missing for Vineland-II 

domain scores. Each Vineland-II domain score was checked for those values, and if 

found, those values were replaced with NA. Participant ages were evaluated at the 12-

month point of data collection and the 36-month point of data collection. Any participants 

that were 16 months or older at the collection of the SEQ (Version 2.1) targeted at 12 

months had their SEQ scores set to NA. Any participants that were 42 months or older at 

the collection of the Vineland-II targeted at 36 months had their Vineland-II scores set to 

NA. This resulted in the loss of SEQ (Version 2.1) data from one participant, the loss of 

Vineland-II scores for communication, socialization, and motor skills from 34 

participants, and the loss of Vineland-II scores for daily living skills from 35 participants. 

No other data transformations were used in this data analysis. 

Marginal distributions for continuous predictor variables, including covariates, 

were generated and visually examined using the ggplot2 package (Wickham, 2016). 
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Descriptive statistics for the focal predictor variables and the outcome variables were 

computed. Relationships between the focal predictor variables and the outcome variables 

were assessed visually using scatterplots and computationally through correlations using 

the corrr package (Kuhn et al., 2020). Table 4 displays correlations between sensory 

profiles. All 12 models met the independence assumption based on a priori, theoretical 

grounds. The rest of the multiple linear regression assumptions were visually evaluated 

(Robinson & Hayes, 2019; Zieffler, 2019). All 12 models satisfactorily met the 

normality, linearity, and homoskedasticity assumptions. 

 

Results 

The primary research question was whether atypical sensory profiles at 12 months 

of age explain variance in adaptive behavior domain outcomes at 36 months of age for 

toddlers diagnosed with ASD. This study explored group differences in focal variables 

such as sensory responsivity and adaptive behavior (see Table 3). This study computed 

correlations between hyper-, hypo-responsivity, and sensory seeking profiles for toddlers 

diagnosed with ASD, results are displayed in Table 4. 

Preliminary results 

Sensory responsivity group differences 

I hypothesized that toddlers with ASD would have more extreme sensory 

responsivity than the HR-Neg group. In particular, that toddlers with ASD would have 

more extreme sensory response pattern scores for hyper-, hypo-responsivity, and sensory 

seeking on the SEQ (Version 2.1). Using one-tailed Welch’s two-sample t-tests, 12- 
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month-old toddlers with ASD, on average, had higher sensory response pattern scores for 

hyperresponsivity (𝑡 = 3.34, 𝑝 < .001) and hyporesponsivity(𝑡 = 2.47, 𝑝 = .008) than 

the HR-Neg group but there was no statistically significant group difference for sensory 

seeking scores (see Table 3). Thus, there is evidence to support the hypothesis that 

toddlers with ASD display more frequent sensory symptoms than the HR-Neg group for 

hyper- and hypo-responsive profiles. After acquiring empirical evidence that toddlers 

with ASD have higher hyperresponsivity and hyporesponsivity scores than the HR-Neg 

group, I evaluated whether the group of toddlers with ASD had lower scores in adaptive 

behavior domains compared to the HR-Neg group. 

 

Table 3 

Group Differences in Key Study Variables 

Variables 

 

HR-ASD HR-Neg t p Cohen’s d 

M SD M SD    

Sensory         

   Hyper 1.59 0.44 1.40 0.32 3.34 < .001 0.56 

   Hypo 1.58 0.57 1.39 0.43 2.47 .008 0.41 

   Seeking 2.02 0.51 1.92 0.53 1.38 .085 0.19 

Adaptive behavior          

   Communication 85.27 16.27 101.31 10.56 −5.96 < .001 −1.33 

   Daily living skills 82.47 12.62 97.82 10.42 −7.42 < .001 −1.40 

   Motor skills 86.44 9.85 95.23 10.13 −5.00 < .001 −0.87 

   Socialization 83.05 12.46 99.78 10.68 −7.81 < .001 −1.51 

IQ proxy 82.51 20.15 103.71 18.26 −6.87 < .001 −1.12 

Note. Welch's one-tailed two-sample t-tests were used to assess group differences. The 

HR-ASD group is comprised of n=90 toddlers who are later diagnosed with ASD. The 

HR-Neg group is comprised of n=301 toddlers at risk for developing ASD but do not 

receive a diagnosis. Sensory scores come from the Sensory Experiences Questionnaire 

(SEQ 2.1); Adaptive behavior scores come from the Vineland Adaptive Behavior Scales 

(Vineland-II). The IQ proxy is the Early Learning Composite from the Mullen Scales of 

Early Learning Early Learning Composite (MSEL-ELC), that was administered when 

individuals were approximately 36 months old.  
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Table 4 

Correlations Between Sensory Responsivity Profile Scores 

SEQ profile  1 2 3 

1. Hyperresponsivity −   

2. Hyporesponsivity . 30* −  

3. Sensory seeking . 28* . 43*** − 

Note. Spearman’s rank-order correlations are displayed. Sensory responsivity profile 

scores are obtained from the Sensory Experiences Questionnaire 2.1 (SEQ 2.1; Baranek 

et al., 2006) using a sample size of 𝑛 = 77 toddlers diagnosed with Autism Spectrum 

Disorder (ASD). 

*𝑝 <  .05. ***𝑝 <  .001.  

 

Adaptive behavior group differences 

I hypothesized that toddlers with ASD would have differences in adaptive 

behavior domain outcomes in socialization, communication, motor skills, and daily living 

skills. In particular, that toddlers with ASD would have lower scores for adaptive 

behavior domains on the Vineland-II than the HR-Neg group. This hypothesis was 

correct; using one-tailed Welch’s two-sample t-tests, toddlers with ASD had lower scores 

for all four adaptive behavior domains on the Vineland-II than the HR-Neg group: 

socialization (𝑡 =  −7.81, 𝑝 < .001), daily living skills (𝑡 = −7.42, 𝑝 < .001), 

communication (𝑡 = −5.96, 𝑝 < .001), and motor skills (𝑡 = −5.00, 𝑝 < .001). These 

results are displayed in Table 3. Having demonstrated that toddlers with ASD, on 

average, have lower scores in communication, socialization, daily living skills, and motor 

skills, in addition to higher scores for hyper- and hypo-responsivity to sensory stimuli, 

group differences for co-variables will be discussed.  
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MSEL-ELC group difference 

           As the high-risk sample included toddlers with and without ASD, participants’ 

diagnostic status may have introduced an unintended variable, potentially obfuscating 

results. There was a group difference found between toddlers with ASD and the HR-Neg 

group for the MSEL-ELC, an IQ proxy for young children, using a Welch’s two-

sample t-test (𝑡 = −6.87, 𝑝 < .001), with the HR-Neg group scoring higher on average 

than the ASD group (𝑑 = −1.13, 95%𝐶𝐼[−1.46, −.80]. The preliminary results indicate 

that toddlers with ASD, on average, have lower scores in communication, socialization, 

daily living skills, motor skills, and IQ proxy, in addition to more extreme hyper- and 

hypo-responsivity to sensory stimuli. Next, I investigated if sensory responsivity at 12 

months of age predict adaptive behavior in toddlers at 36 months of age. 

Primary results  

The primary aim of this study was to investigate the extent to which sensory 

responsivity at 12 months of age explains variance in adaptive behavior outcomes at 36 

months of age for toddlers diagnosed with ASD using multiple linear regression models. 

Regression model results predicting adaptive behavior domain outcomes are in Tables 5–

8, organized by outcome variable as follows: socialization (Table 5), communication 

(Table 6), motor skills (Table 7), and daily living skills (Table 8).    

Socialization 

As seen in Table 5, elevated hyperresponsivity and sensory seeking scores at the 

12-month visit explained variance in socialization outcome scores at 36 months of age; 
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however, contrary to expectation, elevated hyporesponsivity scores did not explain 

variance in later socialization scores. These results are visually displayed in Figure 1.  

Table 5 

Socialization Outcome Results from Four Multiple Regression Models  

Predictors  Sensory profiles 

 Covariates Hypo model Hyper model Seeking model 

Covariates     

   Gender −3.08 (2.11) −3.21 (1.93) −4.04* (1.91) −3.63 (1.85) 

   12-month age −0.35 (1.04) −1.07 (1.39) −1.21 (1.34) −1.45 (1.31) 

   Income 0.98 (0.54) 0.68 (0.50) 0.57 (0.49) 0.60 (0.48) 

   Maternal ed. −0.77 (1.41) −1.24 (1.30) −1.16 (1.27) −1.30 (1.24) 

   Elapsed time 0.41 (0.57) 0.14 (0.53) 0.15 (0.52) 0.16 (0.50) 

   Mullen-ELC 0.30*** (0.05) 0.21*** (0.05) 0.21*** (0.05) 0.20*** (0.05) 

Sensory score     

   Hypo  −3.39 (2.04)   

   Hyper   −7.27*** (2.54)  

   Seeking    −5.74*** (1.54) 

Group  9.73*** (2.42) 8.88** (2.38)  9.76*** (2.26) 

Intercept 61.97* (24.17) 86.89** (26.24) 96.36*** (25.90) 100.14*** 

(25.31) 

R2 0.36 0.48 0.50 0.52 

∆𝑅2  0.12 0.14 0.16 

F statistic 10.17*** 

(df = 6; 111) 

12.23*** 

(df = 8; 108) 

13.48*** 

(df = 8; 108) 

14.83*** 

(df = 8; 108) 

Note. Model parameters are displayed with standard errors in parentheses. The covariates model 

is the baseline model. Hyper-, hypo-responsivity, and sensory seeking were each used as the focal 

predictor variable in three separate models. Income is family income. Maternal ed. is maternal 

education. Elapsed time is the number of months between the 12-month visit and the 36-month 

visit. The Mullen-ELC is the Early Learning Composite from the Mullen Scales of Early 

Learning (MSEL). The three sensory seeking models were computed using the Sensory 

Experiences Questionnaire (SEQ 2.1).  
* < .05. **< .01. *** < .001. 
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Figure 1 

Sensory Profiles as Predictors of Socialization for Toddlers at High-Risk for Autism 

 

Note. The left plot depicts the HR-ASD group, toddlers diagnosed with ASD, n = 31. The 

right plot depicts the HR-Neg group, toddlers at high-risk for autism spectrum disorder 

(ASD) without an ASD diagnosis, n = 119. The solid, periwinkle line depicts the effect of 

sensory seeking responsivity in which a higher sensory responsivity score indicates a 

more frequent engagement in sensory seeking behavior. The dotted, teal line depicts the 

effect of hyperresponsivity. The dashed, orange line depicts the effect of 

hyporesponsivity. Sensory responsivity scores (hyper-, hypo-responsivity, and seeking) 

are derived from Sensory Experiences Questionnaire response pattern scores (SEQ 2.1). 

Socialization score was derived from the Vineland Adaptive Behavior Scales (Vineland-

II). All other covariates included in the model predicting socialization outcomes were set 

to their mean. 

Together, hyperresponsivity, group, sex, and IQ proxy explained 50.0% of the 

variation in later socialization outcomes for toddlers at high-risk for developing ASD in 
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the sample, after controlling for differences in age at 12-month visit, family income, 

maternal education, and time elapsed between visits. A negative main partial effect of 

hyperresponsivity on socialization was found (𝛽 = −7.27, 𝑝 = .005). This result 

indicates that for each 1-unit increase on the SEQ hyperresponsivity score (parent-

reported rating scale from 1 to 5), toddlers at risk for ASD are predicted to score 7.27 less 

on their Vineland-II socialization domain score, on average, after accounting for 

differences in the variables mentioned above. Furthermore, the partial effect of the 

diagnostic group was 8.88. This result indicates that the HR-Neg group, on average, is 

predicted to score 8.88 points higher on the Vineland-II socialization domain score than 

the HR-ASD group, after accounting for differences in the variables above. This model 

also found sex to be a substantive predictor of socialization outcomes in which the model 

predicted female participants to have a socialization score of 4.04 points more than those 

of male participants, on average. The empirical evidence, 𝐹(8,108) = 13.48, 𝑝 = <

.001, suggests that hyperresponsivity explains some variation in socialization outcomes 

for toddlers at-risk for ASD in the population. Thus, for toddlers in the HR-ASD group, 

high hyperresponsivity profiles at 12 months of age are associated with lower 

socialization outcomes at three years of age, on average. 

In addition to hyperresponsivity, sensory seeking profiles were also found to be 

predictive of variance in later socialization outcomes for toddlers at risk for ASD. 

Together sensory seeking, group, and IQ proxy explained 52.3% of the variation in 

socialization outcomes, for toddlers at high risk of developing ASD, in the sample, after 

controlling for differences in sex, age at 12-month visit, family income, maternal 
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education, and time elapsed between visits. I found a negative main partial effect of 

sensory seeking on socialization (𝛽 = −5.74, 𝑝 < .001). This model predicted that for 

each 1-unit increase on the SEQ sensory seeking score (parent-reported rating scale from 

1 to 5), toddlers at high-risk for ASD, on average, would score 5.74 points less on the 

Vineland-II socialization domain score. Furthermore, the partial effect of diagnostic 

group was 9.76. This finding indicates that participants in the HR-Neg group are 

predicted to have a socialization score; on average, 9.76 points higher than participants in 

the HR-ASD group. The empirical evidence, resulting from the multiple 

regression, 𝐹(8,108) = 14.83, 𝑝 < .001, provides support that the sensory seeking 

model explains some variance in socialization outcomes in the population. Thus, for 

toddlers later diagnosed with ASD, elevated sensory seeking scores at 12 months of age 

was associated, on average, with lower socialization scores at three years of age.  

A secondary aim of this paper was to explore the extent to which findings from 

Williams et al. (2018), using similar methods on a sample of elementary school-aged 

children, extend to a younger sample. Both the present study and Williams et al. (2018) 

found effects in models explaining variance in socialization with some degree of overlap. 

Williams found a two-way interaction between group (ASD and DD) and sensory seeking 

in their model predicting socialization, whereas the present study found a main effect of 

sensory seeking in the model predicting socialization. Both current study findings and 

findings from Williams et al. (2018) corroborate the hypothesis that sensory seeking is 

negatively associated with socialization skills for young children with ASD; this 

association is evident in toddlers and elementary school-aged children. 
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Williams found a main effect for hyporesponsivity in the model predicting 

socialization (𝐵 =  −7.10, 𝑝 =  .02). The current study did not replicate the main effect 

of hyporesponsivity in the model predicting socialization (𝐵 = −3.39, 𝑝 = .099). The 

full model results are in Table 5. These findings suggest that any effect of 

hyporesponsivity on socialization may not be present in toddlerhood.   

Communication 

           After finding support for sensory seeking and hyperresponsive profiles in 

explaining variance in socialization, I investigated whether elevated sensory seeking 

scores at 12 months of age explained variance in communication scores at 36 months of 

age for toddlers with ASD. As Table 6 reveals, contrary to present study expectations, 

there was no evidence to support the hypothesis that sensory seeking explained variance 

in communication scores at 36 months of age for toddlers with ASD. 

The secondary aim of the present study was to investigate the extent to which 

findings based on an elementary-school-aged sample extends to a younger population. 

Williams and colleagues found that their model using parent-report measures of 

hyperresponsivity, negatively predicted outcomes in communication in elementary-

school-aged children; however, this finding did not extend to toddlers in the present 

sample. This finding suggests that any effect of hyperresponsivity on communication is 

not present in toddlerhood. 
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Table 6 

Communication Outcome Results from Four Multiple Regression Models 

Predictor  Sensory profiles 

 Covariates Hypo model Hyper model Seeking model 

Covariates     

   Gender −2.83 (1.94) −2.81 (1.88) −3.05 (1.91) −2.93 (1.89) 

   12-month age −0.62 (0.95) −2.21 (1.36) −2.40 (1.34) −2.46 (1.34) 

   Income 0.84 (0.50) 0.62 (0.49) 0.64 (0.49) 0.64 (0.49) 

   Maternal ed. 0.76 (1.29) 0.30 (1.27) 0.37 (1.27) 0.34 (1.26) 

   Elapsed time 0.45 (0.52) 0.22 (0.52) 0.26 (0.52) 0.27 (0.51) 

   Mullen-ELC 0.36*** (0.04) 0.33*** (0.05) 0.32*** (0.05) 0.32*** (0.05) 

Sensory score     

   Hypo  −2.09 (1.98)   

   Hyper   −1.97 (2.54)  

   Seeking    −1.55 (1.58) 

Group  4.25 (2.36) 4.35 (2.38) 4.59* (2.31) 

Intercept 56.71* (22.14) 87.26*** (25.57) 89.20*** (25.91) 90.21*** (25.89) 

R2 0.48 0.52 0.52 0.52 

∆𝑅2  0.04 0.04 0.04 

F statistic 16.94*** 

(df = 6; 111) 

14.60*** 

(df = 8; 108) 

14.47*** 

(df = 8; 108) 

14.57*** 

(df = 8; 108) 

Note. Model parameters are displayed with standard errors in parentheses. The covariates model 

is the baseline model. Hyper-, hypo-responsivity, and sensory seeking were each used as the focal 

predictor variable in three separate models. Income is family income. Maternal ed. is maternal 

education. Elapsed time is the number of months between the 12-month visit and the 36-month 

visit. The Mullen-ELC is the Early Learning Composite from the Mullen Scales of Early 

Learning (MSEL). The three sensory seeking models were computed using the Sensory 

Experiences Questionnaire (SEQ 2.1).  

* < .05. **< .01. *** < .001. 
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Motor skills 

           After not finding sensory profiles to explain variance in later communication 

outcomes while finding negative main effects of sensory seeking and hyperresponsivity 

on later socialization outcomes, I lastly examined whether there is a positive relationship 

between sensory seeking and motor skills in toddlers diagnosed with ASD. As seen in 

Table 7, there is a negative relationship between sensory seeking and motor skills for 

toddlers at high-risk for developing ASD. Together sensory seeking and IQ proxy explain 

30.1% of the variation in later Vineland-II motor skill outcome scores for toddlers at 

high-risk for developing ASD, in the sample, after accounting for differences in sex, age 

at 12-month visit, family income, maternal education, time elapsed between visits, and 

group. There was a negative main partial effect of sensory seeking on motor skills,  𝛽 =

−3.40, 𝑝 = .019. This finding indicates that for each 1-unit increase on SEQ sensory 

seeking score (1–5 point rating scale), at 12 months of age, participants, on average, are 

predicted to score 3.40 points less on the Vineland-II motor skills domain score at 36 

months of age. There was no additional partial effect of group, indicating that any 

differences seen were for both the HR-Neg and HR-ASD groups. The results of this 

multiple regression analysis, 𝐹(8, 107) = 5.77, 𝑝 <  .001, provides empirical evidence 

to suggest that for toddlers at high-risk for developing ASD, elevated sensory seeking 

scores at 12 months of age, on average, are associated with lower motor skills at 3 years 

of age. 
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Table 7 

Motor Skills Outcome Results from Four Multiple Regression Models 

Predictor  Sensory profiles 

 Covariates Hypo model Hyper model Seeking model 

Covariates     

   Gender −2.53 (1.79) −2.41 (1.75) −2.69 (1.76) −2.71 (1.71) 

   12-month age 0.04 (0.88) −1.82 (1.27) −1.95 (1.25) −1.95 (1.22) 

   Income 0.38 (0.46) 0.19 (0.46) 0.18 (0.46) 0.13 (0.44) 

   Maternal ed. −1.66 (1.19) −2.09 (1.17) −2.03 (1.17) −2.17 (1.15) 

   Elapsed time 0.27 (0.50) 0.02 (0.49) 0.04 (0.49) 0.06 (0.48) 

   Mullen-ELC 0.18*** (0.04) 0.16*** (0.05) 0.16*** (0.05) 0.16*** (0.05) 

Sensory score     

   Hypo  −1.77 (1.84)   

   Hyper   −2.38 (2.36)  

   Seeking    −3.40* (1.43) 

Group  2.84 (2.18) 2.75 (2.19) 2.78 (2.09) 

Intercept 72.39*** (20.83) 105.78*** 

(24.20) 

108.63*** 

(24.51) 

112.14*** 

(23.86) 

R2 0.22 0.27 0.27 0.30 

∆𝑅2  0.05 0.05 0.07 

F statistic 5.06*** 

(df = 6; 110) 

4.97*** 

(df = 8; 107) 

4.98*** 

(df = 8; 107) 

5.77*** 

(df = 8; 107) 

Note. Model parameters are displayed with standard errors in parentheses. The covariates model 

is the baseline model. Hyper-, hypo-responsivity, and sensory seeking were each used as the focal 

predictor variable in three separate models. Income is family income. Maternal ed. is maternal 

education. Elapsed time is the number of months between the 12-month visit and the 36-month 

visit. The Mullen-ELC is the Early Learning Composite from the Mullen Scales of Early 

Learning (MSEL). The three sensory seeking models were computed using the Sensory 

Experiences Questionnaire (SEQ 2.1).  

* < .05. **< .01. *** < .001. 
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Daily living skills 

         The present study did not make specific hypotheses regarding daily living skills 

outcomes as expectations of daily living skills for 3-year olds seemed trivial. Incidentally, 

the present study found that, together, sensory seeking, group, and IQ proxy explained 

45.8% of the variation in daily living skills at 3 years of age, after controlling for 

differences in sex, age at 12-month visit, family income, maternal education, and time 

elapsed between visits, in the sample. Model results are displayed in Table 8. A negative 

main partial effect of sensory seeking on later daily living skills outcomes was found, 

𝛽 = −4.43, 𝑝 = .004. This finding indicates that for each 1-unit increase on the SEQ 

sensory seeking score (1–5 point rating scale), participants are predicted to score 4.43 

less on the Vineland-II daily living skills domain score, on average, after controlling for 

differences in the variables as mentioned above. Additionally, the partial effect of 

diagnostic group was 6.96. This finding indicates that the HR-Neg group is associated 

with scoring 6.96 points higher on the Vineland-II daily living skills domain than the HR-

ASD group, on average. The results of this multiple regression analysis, 𝐹(8, 107) =

11.30, 𝑝 < .001, suggest that the empirical evidence supports the notion that for toddlers 

diagnosed with ASD, elevated sensory seeking scores are associated with lower daily 

living skills at 3 years of age in the population.  
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Table 8 

Daily Living Skills Outcome Results from Four Multiple Regression Models 

  Sensory profiles 

 Covariates Hypo model Hyper model Seeking model 

Covariates     

   Gender −2.32 (1.97) −2.36 (1.88) −2.66 (1.90) −2.74 (1.82) 

   12-month age −0.59 (0.97) −1.54 (1.36) −1.71 (1.34) −1.69 (1.30) 

   Income 1.15* (0.51) 0.93 (0.49) 0.93 (0.49) 0.85 (0.47) 

   Maternal ed. −0.74 (1.31) −1.09 (1.26) −1.03 (1.26) −1.20 (1.22) 

   Elapsed time 0.26 (0.54) 0.02 (0.53) 0.05 (0.53) 0.07 (0.51) 

   Mullen-ELC 0.27*** (0.05) 0.20*** (0.05) 0.20*** (0.05) 0.19*** (0.05) 

Sensory score     

   Hypo  −2.10 (1.98)   

   Hyper   −2.56 (2.53)  

   Seeking    −4.43** (1.52) 

Group  7.10** (2.34) 7.06** (2.36) 6.96** (2.21) 

Intercept 68.19** (22.88) 92.06*** (25.97) 94.97*** (26.33) 100.51*** 

(25.31) 

R2 0.35 0.42 0.42 0.46 

∆𝑅2  0.07 0.07 0.11 

F statistic 9.64*** 

(df = 6; 110) 

9.71*** 

(df = 8; 107) 

9.69*** 

(df = 8; 107) 

11.30*** 

(df = 8; 107) 

Note. Model parameters are displayed with standard errors in parentheses. The covariates model 

is the baseline model. Hyper-, hypo-responsivity, and sensory seeking were each used as the focal 

predictor variable in three separate models. Income is family income. Maternal ed. is maternal 

education. Elapsed time is the number of months between the 12-month visit and the 36-month 

visit. The Mullen-ELC is the Early Learning Composite from the Mullen Scales of Early 

Learning (MSEL). The three sensory seeking models were computed using the Sensory 

Experiences Questionnaire (SEQ 2.1).  

* < .05. **< .01. *** < .001. 
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On the whole, multiple linear regression model results indicated that sensory 

seeking and hyperresponsivity at 12 months of age were statistically significant 

predictors of later socialization, motor skills, and daily living skills outcomes for three-

year-olds at-risk for developing ASD. There was an effect of group for all explanatory 

models except for the model using sensory seeking to explain motor skills variation.  

 

Discussion 

This study sought to investigate the relationship between sensory responsivity and 

adaptive behavior outcomes for toddlers at familial risk for developing ASD, to provide 

insight into how early sensory profiles relate to later adaptive behaviors. This study had 

two aims (1) to identify if sensory responsivity explains variance in later adaptive 

behavior domain outcomes in high-risk toddlers diagnosed with ASD; and (2) to 

determine if findings with a younger and differently ascertained sample would 

corroborate findings from Williams et al. (2018). 

Regarding the first aim, this study found sensory responsivity to explain variance 

in some later adaptive behavior domain outcomes in toddlers at risk for ASD. Sensory 

seeking negatively predicted adaptive behavior domain outcomes for socialization, motor 

skills, and daily living skills. Additionally, socialization was explained, in part, by 

hyperresponsivity. It is interesting to note that sensory seeking profiles seem to be the 

most predictive of the sensory profiles included in the current study. Nevertheless, 

sensory seeking is the one sensory profile in which there is no group difference between 

the HR-ASD group and the HR-Neg group. These seemingly discrepant results suggest 
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that sensory seeking profiles may be characteristic of a broader autism phenotype and not 

unique to participants diagnosed with ASD.  

Comparing results between the present study and Williams et al. (2018) 

The present study did not strictly replicate all methods and procedures from the 

Williams et al. (2018) study due to differences in age groups, available data, and the 

overall aims and scope of the studies. Williams and colleagues looked at the overall 

composite score for adaptive behavior, whereas that was not investigated in this study as 

the present focus was predictive patterns between sensory profiles and adaptive behavior 

domains at the domain-specific level. This study included motor skills as an adaptive 

behavior domain, whereas Williams and colleagues did not. Williams and colleagues 

considered service use as a covariate, but IBIS did not have sufficient data on service use. 

Williams and colleagues also had a group of developmentally delayed (DD) participants 

as a comparison group, whereas the current study had the HR-Neg participants as a 

comparison group. Finally, Williams and colleagues used two sensory parent-report 

measures and two sensory observational measures whereas the current study 

implemented one parent-report measure to gauge each participant’s sensory responsivity. 

In regards to the second aim, there was some overlap between the current study 

findings and Williams et al. (2018). Williams and colleagues found a significant negative 

interaction between group (ASD and DD) and sensory response pattern scores for several 

models. Specifically, they found that hyporesponsivity explained variance in daily living 

skills, and sensory seeking explained variance in socialization, communication, and daily 

living skills. However, comparison groups between studies were different. The current 
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study had a comparison group of high-risk siblings who did not receive an ASD 

diagnosis, whereas the Williams study had a comparison group of children with DD. 

Given that the comparison group differed, it was not surprising when interaction effects 

did not replicate. The current study fit models, including an interaction effect between 

sensory responsivity and group, but did not find this to contribute meaningfully to any 

model. The present results suggest that although there are group differences in adaptive 

behavior domains, the relationship between early sensory response patterns and later 

adaptive function does not depend on the diagnostic outcome for high-risk toddlers. This 

finding is not unexpected, given the heritability of traits associated with autism 

(Constantino, 2018). 

Consideration of findings from the present study and Williams et al. (2018) 

suggests that high sensory seeking profiles may explain variation in later adaptive 

behavior development. For some adaptive behavior domains, the impact of high sensory 

profiles is evident in toddlerhood; however, for other adaptive behavior domains, effects 

are not noticeable until childhood. Both the present study and Williams and colleagues 

found that parent-reported sensory seeking profiles explained variance in socialization 

and daily living skills, indicating that the relationship between sensory seeking and these 

adaptive behavior domains is evident as early as toddlerhood. Williams and colleagues 

also found that parent-reported sensory seeking profiles explained variance in 

communication; however, that finding was not extended in the present study, indicating 

that effects of elevated sensory seeking behavior on communication may not be evident 

until childhood. 
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Williams et al. (2018) reported a significant negative main effect of parent-

reported hyporesponsivity on socialization scores; the present study did not extend this 

finding. These disparate results suggest that the effects of elevated hyporesponsivity on 

socialization may not be evident in toddlerhood but manifest in early childhood as the 

effects of elevated hyporesponsivity have had more time to impact socialization 

development. They also found a significant negative main effect of parent-reported 

hyperresponsivity in the model predicting daily living skills. The present study did not 

extend this finding, nor did it expect to. Overall sensory seeking seems to be a 

consequential predictor for later socialization and daily living skills outcomes in both 

toddlers and elementary-school-aged children with ASD.  

Contributions of the present study 

           This study adds a longitudinal perspective on the relationship between aspects of 

sensory responsivity and adaptive behavior. Other longitudinal studies conducted on this 

relationship yielded mixed results (McCormick et al., 2016; Williams et al. 2018). 

McCormick and colleagues used an overall adaptive behavior score as their outcome, 

whereas Williams and colleagues used the overall score in addition to adaptive behavior 

domain scores. McCormick and colleagues did not find a longitudinal relationship 

between sensory responsivity and overall adaptive behavior. However, Williams and 

colleagues found relationships between sensory responsivity and overall adaptive 

behavior in addition to specific adaptive behavior domains. The nature of these 

discrepant findings may be due to the importance of adaptive behavior domains. Using 

adaptive behavior domain scores may be more informative than an overall adaptive 
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behavior score. The current study used adaptive behavior domain scores and, similar to 

Williams and colleagues, found associations between sensory profiles and domains of 

adaptive behavior. Furthermore, identifying specific sensory profiles that explain 

variation in specific adaptive behavior domains may provide more relevant information 

to guide targeted intervention. 

Given that the present study found that sensory seeking negatively predicted 

outcomes in socialization and daily living skills, it seems consistent with the theory that 

engaging in sensory seeking behaviors precluded participation in social opportunities and 

daily life activities (McCormick et al., 2016; Tomchek & Dunn, 2007; Watson et al., 

2011; Williams et al., 2018). Similarly, the finding that elevated hyperresponsivity 

negatively predicted socialization supports the explanation that acute awareness of one’s 

sensory surroundings may cause individuals to be overwhelmed or distracted by their 

sensory environment, interfering with active participation in social opportunities 

(Williams et al., 2018). 

One puzzling finding was inconsistency with conjectures about the relationship 

between sensory responsivity and motor skills. I had hypothesized that there would be a 

positive relationship between sensory seeking and motor skills given support for this 

relationship (Jasmin et al., 2009; Tomchek & Dunn, 2007); on the contrary, the study 

found a negative main effect of early sensory seeking behaviors on motor skill outcomes. 

I expected higher sensory seeking scores to predict motor skill development in three-

year-olds because of an ecological theory of motor development. This theory supposes 

that an increased interest in sensory aspects of the environment would motivate the 
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exploration of the environment and facilitate the development of motor skills (Needham 

et al., 2002; Thelen et al., 1991). As the present study instead found a negative 

relationship, an alternative explanation is that interest in sensory engagement may be 

restrictive and repetitive. If sensory engagement becomes an RRB, then toddlers may 

explore their environment less than peers as they are focused on restrictive sensory 

interests instead of exploring their environment in a multiplicity of ways. This incidental 

finding is consistent with the theory that sensory seeking behaviors would limit a child’s 

participation in sensory experiences, which would negatively influence their active 

exploration of the environment, restricting motor development, and access to learning 

opportunities (O’Donnell et al., 2012).  

Cross-sectional research has provided evidence for a link between atypical 

sensory responsivity and deficits in adaptive behavior domain outcomes for children with 

ASD (Baker et al., 2008; Jasmin et al., 2009; Lane et al., 2010; Tomchek & Dunn, 2007). 

The present study and Williams et al. (2018) found further support for the relationship 

between sensory responsivity and adaptive behavior using longitudinal data. There are 

now several pieces of evidence to support that sensory responsivity may impact the 

development of adaptive behaviors in young children at risk for developing ASD, 

particularly regarding children engaging in more sensory seeking behavior than peers. 

 

The role of sensory seeking behavior in the development of autism 

Despite the extant research, the causal link between sensory responsivity and 

adaptive behavior is still up for speculation. Findings from this study implicate sensory 
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seeking to be more predictive of later adaptive behavior development than hyper-, or 

hypo-responsivity. One way in which the sensory seeking profile stands apart is that it 

may be restrictive and repetitive. RRB is a core feature of ASD, and atypical sensory 

responsivity is considered a diagnostic feature of ASD within this domain. Interestingly, 

as sensory seeking represents a core feature of ASD, at the same time, this study found 

that the relation between elevated sensory seeking and later adaptive function was not 

unique to the ASD group. In other words, this study did not observe a group difference in 

sensory seeking scores between the HR-ASD group and the HR-Neg group while also 

identifying that an elevated sensory seeking profile score may interfere with the 

development of socialization, motor skills, and daily living skills regardless of diagnostic 

outcome. 

Given that this study did not find differences in sensory seeking scores, yet 

sensory seeking scores predicted variance in adaptive behavior domains in which there 

are group differences suggests that sensory seeking is a broader autism phenotype trait. 

Further support for this notion comes from Williams et al. (2018). Williams and 

colleagues found significant group interactions between the ASD and DD group for 

models using sensory seeking to predict outcomes for each adaptive behavior domain 

score and overall adaptive behavior score. They found that higher sensory seeking scores 

negatively affected the ASD group for all adaptive behavior outcome variables and had a 

positive effect on all adaptive behavior outcome variables for the DD group. These 

discrepant findings suggest that toddlers at-risk for ASD, on average, display more 
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sensory seeking behaviors, yet this may only pose downstream developmental effects for 

toddlers who go on to develop ASD.  

Future directions 

One possible explanation for the findings related to sensory seeking is that some 

but not all elevated sensory seeking scores are restrictive and repetitive. In other words, 

an elevated sensory seeking score could be just as typical for participants in the HR-Neg 

group as the HR-ASD group but manifest in quite different behaviors. For example, a 

toddler diagnosed with ASD may have an elevated sensory seeking score due to 

restrictive, repetitive interests in limited sensory stimuli. In contrast, an individual in the 

HR-Neg group may have an elevated sensory seeking score due to some level of sensory 

exploration throughout most of the items on the sensory questionnaire. It would be 

interesting to be able to differentiate between sensory seeking individuals with a broad 

range of sensory interests compared to those with restrictive and repetitive interests, in 

comparison to diagnostic status. Further work could include a variable to control for 

restrictive, repetitive interests.  

A second path to explore sensory seeking as characteristic of the broader autism 

phenotype could be to include more participant groups. Ideally, a study would include the 

following participant groups: HR-ASD, HR-Neg, and additional control group. Including 

a group of neurotypical peers would enable researchers to investigate broader autism 

phenotype traits. Williams et al. (2018) included a DD control group and found group 

interactions between sensory responsivity profiles and diagnostic group (ASD or DD). 

Further exploration in differences between neurodevelopmental disorders such as fragile 
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X syndrome and ASD may indicate whether high sensory seeking profiles are unique to 

the broader autism phenotype or extend to other groups. 

Alternatively, underlying neural processes may simultaneously account for 

elevated sensory response pattern scores and lower adaptive behavior domain outcome 

scores. There may be underlying atypical neurodevelopment that explain differences in 

sensory response patterns and lower outcomes for adaptive behavior development. 

Further work could leverage brain imaging data to explore this potential explanation. 

Alternatively, there may be neurological differences that mediate or moderate the 

observed relations between sensory responsivity and later adaptive behavior function. 

Notably, for children later diagnosed with ASD, adaptive behavior deficits may become 

compounded over time due to increased engagement in sensory responsive behaviors that 

could interfere with experience-dependent neurodevelopment.  

An additional future direction could be a longitudinal study with more data points 

collected over a more extended period. The IBIS Network is currently collecting follow-

up data on participants now that they have reached elementary school age. It would be 

interesting to investigate whether and how the relations observed in toddlerhood extend 

into school age, as well as the opportunity to replicate Williams et al. (2018) more 

directly in a similar age group. Williams and colleagues theorized that heightened 

sensory response pattern scores predicted lower adaptive behaviors because heightened 

sensory responsivity caused individuals to miss learning opportunities. Longitudinal data 

extending from infancy to early childhood could test this theory.  
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A final yet pertinent future direction in clarifying our understanding of the 

relationship between sensory response patterns and later developmental outcomes for 

toddlers with ASD is to utilize or develop a direct measure of sensory responsivity. The 

use of such measures, which may not yet be available, may more accurately show the 

impact of sensory responsivity on development in infants and toddlers with ASD. 

Furthermore, refined measures could explain how people with autism respond to the 

sensory world around them. Having alternative measures is essential because sensory 

responsivity is a core feature of ASD, but also because present study findings provide 

evidence to suggest that there may be adverse, cascading developmental outcomes 

resulting from atypical sensory responsivity.  

 

Limitations 

One apparent limitation of the present work is an inability to conclude whether an 

elevated sensory seeking response pattern is a trait unique to the broader autism 

phenotype. The sample was limited to toddlers at high-risk for ASD and did not include a 

control group. Without a control group, there may be confounding variables associated 

with ASD-related constructs. A study, including an additional low-risk control group, 

could shed insight into whether there is further support for exhibiting more sensory 

seeking behaviors as characteristic of a broader autism phenotype. However, 

measurement tools need to be carefully considered in such a study to strive for reliability 

and validity across participant groups. 



 
 
 

SENSORY RESPONSIVITY AND ADAPTIVE BEHAVIOR IN ASD 41 
 

A second limitation of this paper stems from the possibility of ASD-related 

confounding variables. In the model, restricted and repetitive behavior was not accounted 

for as it seemed to be an extraneous variable in a model using sensory responsivity to 

predict adaptive behavior outcomes. Furthermore, it may be inappropriate to include 

sensory response pattern scores and a measure of RRB in the same model as atypical 

sensory responsivity is considered an aspect of RRB in the DSM-5. An RRB variable 

may be too related to sensory profile and cause collinearity issues in the model. 

A third limitation of this study is that the models only included sensory 

responsivity scores collected during one data collection wave and adaptive behavior 

scores collected during another data collection wave. Longitudinal mixed-effects models 

incorporating data collected at more points during development would provide richer 

information than examining sensory responsivity at one time point and adaptive behavior 

at one later time point.  

A fourth limitation of this study stems from the nature of replicating and 

extending methods. For the sake of comparison, the present study computed a series of 

multiple regression models. Using a more modern theoretical framework such as the 

method of multiple working hypotheses (Elliott & Brook, 2007) may provide a more 

accurate picture of the relationship between sensory responsivity and adaptive behavior 

development in young children with ASD.  

A final limitation of this study is the implementation of a parent-report measure to 

quantify sensory responsivity. Although there are benefits to parent-report measures, 

particularly for participants with limited language skills such as toddlers, perhaps indirect 
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measures do not adequately capture sensory responsivity. Williams et al. (2018) used a 

combination of parent-report measures and observational assessments to evaluate sensory 

responsivity for their participants. At times they found discrepant outcomes between the 

parent-report measures and the observational assessments of the same sensory response 

pattern predicting the same adaptive behavior domain. As both parent report and 

observation have their limitations, more objective approaches to quantify sensory 

responsivity are needed. 

Implications 

These findings have important implications for intervention. When coaching 

parents to create opportunities for their child, interventionists can help parents recognize 

when sensory-seeking behaviors preclude the child’s engagement with parent-directed 

opportunities. Alternatively, parents could scaffold the guided opportunities by 

instructing parents to reduce potential sensory distractions from the toddler’s 

environment when engaging in intervention activities.  

Conclusion 

           The present study used sensory responsivity profiles of 12-month olds at high-risk 

for ASD to explain variation in later adaptive behavior domains. The findings indicate 

that sensory seeking profiles are associated with adaptive behavior outcomes in 

socialization, motor skills, and daily living skills in three-year-olds with ASD. In that, 

toddlers engaging in more sensory seeking behavior are predicted to have lower adaptive 

behavior domain outcomes at three years of age. This study adds a longitudinal 

perspective to our understanding of sensory responsivity and adaptive behavior 
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development in the first few years of life, indicating that this relationship is evident early 

in development. The findings also implicate an elevated sensory seeking response pattern 

as possibly characteristic of the broader autism phenotype, warranting further 

examination in future studies. 
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