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ABSTRACT 

 

 Repetitive and stereotyped behaviors (RSB) constitute one of the three core diagnostic 

domains of autism spectrum disorders (ASD). However, relatively little is known about the 

behaviors in this domain, as compared to behaviors in the social and communication diagnostic 

domains, particularly early in the development of ASD symptoms. This prospective longitudinal 

study examined RSB between 18 and 24 months of age in children who were later diagnosed 

with ASD (n=50), and matched groups of children with developmental delays (DD) in whom 

ASD had been ruled out (n=23) and children with typical development (TD, n=50). Precise 

measures of proportion and rate of RSB for each child were obtained through systematic 

observation of behavior samples from the Communication and Symbolic Behavior Scales 

Developmental Profile (Wetherby & Prizant, 2002). Children with ASD demonstrated 

significantly higher proportion and rate of RSB with objects, RSB with body, and total RSB than 

TD children and significantly higher proportion and rate of RSB with objects and total RSB, but 

not RSB with body than children with DD. In addition, a unique linear combination of RSB 

distinguished children with ASD with rotating/spinning/rolling objects and stiffening the arms 

and hands contributing most strongly to this combination. In the children with ASD, RSB was 

not related to social competence or eye gaze to face in the second year. In addition, only RSB 

with body and total rate of RSB were significantly correlated concurrently with developmental 

level in the second year. There were modest relationships between RSB in the second and fourth 

years of life. Social and developmental functioning in the second year predicted RSB and social 

symptoms in the fourth year. The results have important implications for early identification of 

ASD. The findings are consistent with the notion that social and nonsocial (RSB) symptoms may 

be subserved by separate underlying mechanisms in the second year of life. 
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INTRODUCTION 

Importance of Repetitive and Stereotyped Behaviors to Diagnosis and Early Identification 

Repetitive and stereotyped patterns of behavior, interests, and activities have been 

considered central to autistic disorder since Kanner’s (1943) original description of 11 children 

with autism. Kanner described a number of object and body stereotypies in these original 

children including spinning, jumping, and other rhythmic movements of the body, as well as a 

marked insistence on sameness. These observations and subsequent research has led to the 

inclusion of restricted repetitive and stereotyped patterns of behavior, interests, and activities as 

necessary features for a diagnosis of autistic disorder and Asperger syndrome according to the 

Diagnostic and Statistical Manual-IV-Text Revision (DMS-IV-TR; APA, 2000), along with social 

and communication impairments. Repetitive and stereotyped behaviors (RSB) therefore have 

strong diagnostic significance when they are observed or reported (Turner, 1999a), yet far less is 

known about this domain of symptoms compared to the social and communication domains 

(Lewis & Bodfish, 1998). There are therefore numerous important questions regarding RSB that 

are as yet unanswered or at best equivocally addressed. 

One important question relates to whether RSB may be useful early indicators for autism 

spectrum disorders (ASD). The term ASD is an umbrella term used in this paper to refer to 

autistic disorder, Asperger syndrome, and pervasive developmental disorder – not otherwise 

specified (PDD-NOS). Presently, ASD are usually diagnosed between the ages of three and four 

years (NRC, 2001). Earlier identification of ASD in the second and third years of life is 

important for both clinical and theoretical reasons. Clinically, earlier identification can 

potentially lead to earlier intervention, which is considered to be more effective than intervention 

initiated at older ages (NRC, 2001). Theoretically, earlier documentation of the behavioral 

symptoms of ASD can inform our understanding of the development or pathogenesis of ASD. 

Current research suggests that RSB are less common in very young children with ASD than 

social or communication symptoms (Volkmar & Klin, 2005). However, this conclusion is based 

mainly on research using retrospective study designs (Werner & Dawson, 2005; Osterling, 

Dawson, & Munson, 2002) and parent report (Lord, 1995; Cox et al., 1999; Charman et al., 

2005). More research is needed to provide precise documentation of RSB in very young children 

in order to advance clinical and theoretical knowledge in this area. 
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Components and Definitions of RSB 

The study of RSB historically has been limited by a lack of consistent use of terminology, 

validated assessment tools, and adequate definitions of RSB (Lewis & Bodfish, 1998). Turner 

(1997) highlights three important characteristics that appear to define RSB: 1) the high frequency 

of repetition, 2) the invariant way in which the behavior is pursued, and 3) the inappropriate or 

odd manifestation of the behavior. Others have added that RSB appear to occur without obvious 

eliciting stimuli and appear to an observer to have no purpose (Sprague & Newell, 1996, Lewis, 

Gluck, Bodfish, Beauchamp, & Mailman, 1996; Nijhof, Joha & Pekelharing, 1998). One 

problem with this last feature in the field of ASD is increasing recognition that some RSB may 

serve important functions for individuals with ASD. Many theories of RSB, to be discussed later 

in this introduction, attempt to explain RSB specifically in terms of the underlying function the 

behavior serves for individuals with ASD, though this may not be obvious to an observer.  

In the field of ASD, RSB generally refer to a broad range of behaviors including 

stereotypies, rituals, compulsions, obsessions, perseveration, and repetitive or stereotyped use of 

language. Turner (1999a) subdivided this broad range of RSB into lower-level behaviors 

characterized by repetition of movement including dyskinesias, stereotyped movements, 

repetitive manipulation of objects, and repetitive forms of self-injurious behavior, and higher-

level behaviors including object attachments, insistence on sameness, repetitive language, and 

circumscribed interests. She proposed that the lower-level behaviors were associated with lower 

developmental levels, while the higher-level behaviors are likely to be observed in individuals 

with higher cognitive abilities. 

The following introduction summarizes what is currently known about RSB in 

individuals with ASD, beginning with a review of research in older children and adults with 

ASD, followed by findings in preschoolers and then focusing on infants in the first three years of 

life. Two important issues highlighted in the review are (1) whether and in what way RSB appear 

to be related to overall developmental level in individuals with ASD; this is important to 

consider in light of the fact that RSB are known to be features of other developmental 

disabilities; and, (2) how RSB are related to the social and communication symptoms of ASD, 

both concurrently and predictively and what this may reveal about the underlying mechanisms of 

the unfolding symptoms of ASD over time. This is followed by a discussion of RSB in typically 

developing children, an important issue to consider when examining RSB in very young 
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children, and finally, a brief review of prominent psychological theories and possible genetic 

bases of RSB. 

RSB in Adults and Older Children 

Most of the research regarding RSB has been conducted with older children and adults 

with ASD using a variety of methods including direct observation and parent report. These 

methods have yielded some congruent and some conflicting findings regarding the nature of 

RSB in individuals with ASD, the relations among RSB and general developmental level, and 

the relations among RSB and the social and communication symptoms of ASD (Charman & 

Swettenham, 2001). Bodfish, Symons, Parker, and Lewis (2000) examined the pattern of 

occurrence of RSB in 32 adults with autism as compared to 34 adults with mental retardation 

without autism using the Repetitive Behavior Scale (RBS; Bodfish, Symons & Lewis, 1998). 

They found that the adults with autism demonstrated a significantly greater number of 

topographies of stereotypy and compulsions, and that repetitive behaviors predicted the severity 

of social and communication symptoms within the group with autism.  

Comparing two groups of children with ASD at a mean age of 8 years, 19 children with 

IQs above 70 to 17 children with IQs below 70, Bartak and Rutter (1976) found that hand and 

finger stereotypies and self-injurious behavior were more frequent in the children with 

developmental delays. Similarly, using the RBS – Revised (RBS-R; Bodfish, Symons & Lewis, 

1999) with a small sample of 14 school-aged children with ASD at a mean age of 10.7 years, 

Gabriels, Cuccaro, Hill, Ivers, and Goldson (2005) found that nonverbal IQ (NVIQ) was 

significantly negatively correlated with total RSB. In addition, they found that when controlling 

for NVIQ there was no relationship between RSB and measures of adaptive functioning, sleep 

problems and the Irritability and Lethargy subscales of the Aberrant Behavior Checklist (ABC; 

Aman, Singh, Stewart, & Field, 1985). Stevens et al. (2000) also found a significant difference in 

RSB as measured by parent report on the Wing Autistic Disorder Interview Checklist part C 

(WADIC-C; Wing, 1996) between empirically derived high (n=24) and low (n=71) functioning 

subgroups of school-aged children with ASD. However, RSB were found to be statistically 

redundant in contributing to subgroup identification, and there were no differences in RSB on the 

WADIC-C of these same children in preschool based on the subgroups derived at school age. 

These three studies suggest a strong relationship between RSB and developmental level within 
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groups of school-aged children with ASD. However, without matched controls without ASD, it 

is uncertain whether the RSB observed was entirely explained by developmental level. 

Using two interview instruments specifically designed to assess RSB, the Repetitive 

Behavior Interview (RBI; Turner, 1997) and the Yale Special Interests Interview (YSII; South, 

Klin, & Ozonoff, 1999), South, Ozonoff, and McMahon (2005) found that 14-year-olds with 

high functioning autism and Asperger syndrome showed significantly more RSB than typical 

children matched for age and IQ, with verbal, performance, and full-scale IQ all being above 70. 

However, there were no differences between the HFA and AS groups in the profile of RSB 

behaviors. In contrast to the hypothesis that specific forms of RSB are related to developmental 

level, South et al. found that both higher-order and lower-order behaviors were common in both 

ASD groups, often co-occurring in the same individuals. Cuccaro and colleagues (2003) 

examined the factor structure of RSB in a sample of 207 individuals with autism from 3 to 21 

years of age. They found two underlying dimensions to the RSB tapped in 12 items from the 

Autism Diagnostic Interview-Revised (ADI-R; Lord, Rutter, & LeCouteur, 1994), namely, 

repetitive motor sensory actions (Factor 1), and resistance to change (Factor 2). They found that 

only Factor 1 was significantly negatively correlated with level of functioning as indexed by the 

Adaptive Behavior Composite (ABC) of the Vineland Adaptive Behavior Scales (VABS; 

Sparrow, Balla, & Cicchetti, 1984), suggesting that the repetitive motor sensory actions were 

related to adaptive developmental functioning to a greater degree than behaviors related to 

resistance to change. They concluded that Factor 1 behaviors had no apparent purpose other than 

self-stimulation and could occur in many different developmental disabilities; hence their 

relationship with autism specifically was not as clear in comparison to the Factor 2 behaviors, 

which appeared to be more specific to autism in their sample. However, they stressed the need 

for future research to assess whether Factor 1 behaviors were associated with cognitive 

developmental measures to confirm this conclusion. More research is needed to determine if 

repetitive sensory motor behaviors can distinguish children with ASD from children with other 

developmental delays at more specific ages. 

Important information regarding the nature of RSB symptoms in older children has also 

been collected from longitudinal studies documenting changes in RSB over time in relation to 

changes in social and communication symptoms. Fecteau, Mottron, Berthiaume, and Burack 

(2003) assessed symptoms of autism in a group ranging from 7 to 20.4 years of age and 
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compared these to ratings of symptoms of the same children taken between 4 and 5 years of age 

using the ADI-R in 28 individuals diagnosed with classic autism. They found that symptoms in 

all three diagnostic domains improved over time, but that the fewest improvements were noted in 

RSB symptoms as compared to social and communication symptoms. There were no significant 

correlations between IQ and amount of change over time in any symptom domain. Recently, 

McGovern and Sigman (2005) also reported significant changes in all symptom domains from 

middle childhood (mean age of 12.8 years) to adolescence (mean age of 19 years) in 48 

individuals with ASD using the ADI-R. In contrast to Fecteau et al. (2003), significantly larger 

reductions and greater improvements in RSB were noted for higher functioning participants 

(IQ>70) than for lower functioning participants. Finally, Murphy et al. (2005) examined changes 

in challenging behaviors, including stereotypical behaviors and resistance to change, in a mixed 

sample of 141 children with severe intellectual disabilities and/or autism from a mean age of 8.9 

years at time 1 and again 12 years later at a mean age of 20.9 years at time 2. Challenging 

behaviors did tend to reduce over time and were associated with poorer language and social 

interaction skills. More challenging behaviors at time 2 was predicted by more challenging 

behaviors, poorer expressive language, poorer quality of social interaction, and a diagnosis of 

ASD at time 1. Due to the ordinal nature of the data, no multiple regression could be conducted 

to determine which of these factors contributed uniquely to the presentation of challenging 

behaviors at time 2. 

Taken together, these studies of RSB in school-aged children and adults with ASD 

suggest that RSB are characteristic of ASD and appear to be specific to the disorder in terms of 

type, variety, and severity in relation to matched control groups with developmental delays or 

typical development. These studies also suggest a close relationship between RSB and overall 

developmental level within the ASD population, but there is equivocal evidence for the 

relationship between developmental level and amount of change in RSB over time, as well as 

developmental level and the type of RSB observed. There are conflicting findings regarding the 

relations among RSB and the social and communication symptoms of ASD, with some single 

assessment studies showing a close relationship and longitudinal studies with multiple 

assessments showing different patterns of change in RSB as compared to social and 

communication symptoms over time.  
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RSB in Preschool Children 

In view of the fact that ASD is a developmental disorder with an early onset, it is 

important for our understanding of the pathogenesis of ASD that RSB are examined in younger 

children with ASD. Vig and Jedrysek (1999) stressed the importance of understanding the 

contribution of cognitive factors in symptom expression in preschoolers with ASD. In their 

review of the literature, they concluded that repetitive use of objects and hand mannerisms in 

preschoolers suspected of ASD may not be useful for differential diagnosis, particularly in 

children with cognitive impairments in addition to ASD. A number of studies of preschoolers 

with ASD have been conducted and like the studies of older children and adults, have made use 

of both rating scales based on direct observation and parent report measures. Campbell and 

colleagues (1990) rated RSB in 224 children with autism with a mean age of 4.61 years, ranging 

from 2.32 to 8.22 years, using the Children’s Psychiatric Rating Scale (CPRS; National Institute 

of Mental Health, 1985) during direct observation in a playroom. They found that all subjects but 

one were rated as having at least mild RSB symptoms. The distribution of ratings was roughly 

bell-shaped and IQ was significantly negatively correlated with stereotypies, controlling for age 

and sex. In addition, severity and frequency of stereotypies were found to be positively related to 

overall symptomatology in social and communication domains. These are similar to the findings 

in older children and adults mentioned above. 

Parent report measures have also been used to examine RSB in preschool children with 

ASD. Lord and Pickles (1996) used the ADI-R to examine ASD symptoms in 51 three-to-five-

year-olds with ASD and 43 three-to-five-year-olds with language impairments but without ASD. 

In contrast to the previously mentioned studies, they found that neither language stage nor 

mental age had significant main or group interaction effects on RSB items, although there were 

strong effects for diagnostic group, indicating that the group with ASD scored significantly 

higher on the RSB items than the non-ASD group. Only one item, hand and finger mannerisms 

showed a relationship with one or other of the developmental measures used in the study (mental 

age in the ASD group, and language stage in the non-ASD group), while the item unusual 

sensory interests was significantly related to language stage in the ASD group only. Mundy, 

Sigman, and Kasari (1994) examined the relations among joint attention and other symptoms of 

ASD in 30 preschoolers with ASD. They found no correlation between joint attention skills and 

symptoms involving sensory behaviors or stereotypies as measured on the Autism Behavior 
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Checklist (ABC, Krug, Arick, & Almond, 1979) based on parent interview. Both of these studies 

suggest a far less robust relationship between RSB and developmental level and measures of 

specific social skills in preschoolers than observed in older children or adults with ASD. 

Similarly, Charman and colleagues (2005) reported the results of a prospective 

longitudinal study of a group of 26 young children with ASD assessed at 2, 3, and 7 years of age 

with a variety of standard measures of cognition and language and parent report (ADI-R). No 

concurrent relations among these measures at any of the three assessment points were reported. 

However, predictive relations showed no relationship between RSB at two years and NVIQ, 

language, or symptoms in any domain on the ADI-R at three or seven years of age. Similarly, 

RSB at three years did not predict any measure of functioning at seven years of age. However, 

RSB at seven years of age were significantly predicted by social and communication symptoms 

as measured on the ADI-R at three years of age, but not by NVIQ, nor by the severity of RSB at 

three years. Taken together, these studies of RSB in preschoolers using parent report do suggest 

group differences between children with and without ASD, but have generally failed to show the 

relationships between RSB and developmental level and social symptoms observed in 

preschoolers using direct observation or in older children and adults with ASD.  

In spite of these mixed findings from descriptive studies, a recent intervention study of 

preschoolers with ASD has suggested that RSB appear to act as a significant barrier to the 

development of language and social skills during intervention. Bopp, Mirenda and Smith (2005, 

November) found that not only did preschool children with fewer RSB at the onset of 

intervention show more progress in social skills over two years, but also that children who 

showed improvements in RSB in the first six months to a year of intervention showed greater 

gains in language, daily living skills, and IQ skills over two years. These authors concluded that 

it is important to specifically target the reduction of RSB in order to improve language and social 

outcomes over time and that “stereotypic behaviours may be considered more ‘pivotal’ to 

language and social outcomes than previously believed” (p.7). With this in mind, it is essential to 

be able to recognize RSB in very young children with ASD and further understand the 

relationship between RSB and social and developmental symptoms of ASD. 

RSB in Infants and Toddlers 

The following sections describe findings regarding RSB in children with ASD in the 

third, second, and first years of life respectively. 
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Third year of life. There is a prevailing notion that RSB emerge later than social and 

communication symptoms in the development of ASD and in general only around the third 

birthday (Charman & Swettenham, 2001; Volkmar & Klin, 2005). This notion has arisen from 

studies that have tracked diagnostic stability of children initially diagnosed between two and 

three years of age and followed up after their third birthday (Lord, 1995; Stone et al., 1999; 

Moore & Goodson, 2003). Lord (1995) found that clinical diagnosis made in two-year-olds was 

relatively stable with diagnoses a year later. However, agreement between clinical diagnosis and 

diagnostic classification on the ADI-R in the third year was lower than in the fourth year. This 

agreement improved at the later assessment mainly due to the further unfolding of clear RSB in 

the children with ASD in addition to improvements in the basic social skills of the children 

without ASD. In the third year however, the groups still differed significantly on two items of the 

ADI-R namely, hand and finger mannerisms and unusual sensory behaviors, suggesting that 

these behaviors may distinguish children with ASD in the third year. Stone and colleagues 

(1999) also found stability in clinical diagnosis in a group of children assessed at a mean of 31.4 

months and again a mean of 13.7 months later. At both assessments clinicians were asked to 

indicate which of the 12 DSM-IV (APA, 1994) criteria were observed in each child. They found 

that items related to RSB were observed with less consistency and showed more variability from 

child to child than items related to social or communication symptoms.  

Finally, Moore and Goodson (2003) also found diagnoses of ASD in 20 children at a 

mean age of 2 years 10 months were reliable and stable with diagnoses between 4 and 5 years of 

age. The primary measure of symptoms used in this study was the ADI-R, but scores were 

modified if a discrepancy was noted between the parent report and behaviors evident in direct 

observations. While social and communication symptoms did not change significantly over time, 

there was a significant increase in scores related to RSB. This was due to increases in 

circumscribed interests, unusual preoccupations, compulsions and rituals, hand and finger 

mannerisms, and repetitive use of objects, although changes in the scores of individual behaviors 

were not statistically significant. These studies therefore did not indicate the absence of RSB in 

the third year, but do perhaps suggest that compared to older children, children under three years 

with ASD presented with greater heterogeneity and that RSB were less reliable indicators of 

ASD than the social or communication symptoms at this young age as assessed by parent report 

and clinical rating.  
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Second year of life. A growing number of studies have examined differences in 

symptoms in children with ASD in the second year of life, including prospective and 

retrospective designs, as well as parent report and direct observation methods. Cox and 

colleagues (1999) identified their cohort prospectively using the Checklist for Autism in 

Toddlers (CHAT; Baron-Cohen et al., 1996) administered at 18 months of age. Based on the 

CHAT scores, children were invited for a detailed clinical diagnostic assessment at 20 months of 

age. Four groups were identified during this assessment, 8 children with autism, 13 with PDD, 9 

with language or developmental delays (LD group), and 15 typically developing infants. Social, 

communication, and RSB symptoms at 20 months of age were then assessed using the ADI-R. 

The total mean scores for RSB were significantly higher in the autism group than the LD and 

typically developing group, but not the PDD group. However, no individual items from the RSB 

dimension differentiated between the children with autism and those with LD at 20 months and 

very few children from any of the groups showed definite abnormality, defined as scores of 2 or 

3 on the ADI-R items. Some children with autism showed possible abnormality, defined as a 

score of 1 on some items at 20 months, with more definite abnormalities on hand and finger 

mannerisms, complex mannerisms, and repetitive use of objects emerging only at 42 months of 

age. Similar to the results of Lord (1995) also using the ADI-R, there were overall far more 

significant differences on items related to social and communication symptoms between the 

groups than those related to RSB at 20 months of age. 

In contrast, a recent retrospective study using a different parent report measure suggests 

that RSB may distinguish children with ASD from DD and TD as early as 16-18 months 

(Werner, Dawson, Munson, & Osterling, 2005). These authors developed and used the Early 

Development Interview (EDI) to probe regulatory, social, communication, and RSB symptoms 

from birth to two years in a relatively large group of 3-to-4 year-old children with ASD (n=72), 

DD (n=34) and TD (n=39) matched on mental (all groups) and chronological (ASD and DD 

groups) age. They found significant differences among all three groups in social symptoms at 13-

15 months, in RSB at 16-18 months, and communication symptoms at 19-21 months. In all 

cases, differences in the ASD group as compared to the TD group were observed much earlier, 

but it was only at these ages that the differences between the ASD and DD groups were 

significant. Early versus late onset of RSB symptoms was not related to developmental outcome 

measures between 3 and 4 years of age. The nature of the RSB present in these young children, 
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however, was not described. The findings of this study suggest that the second half of the second 

year may be a fruitful period for future research to document RSB more precisely in very young 

children with ASD. 

These same authors also recently reported findings from a study investigating the 

phenomenon of autistic regression in which they employed both parent report on the EDI and 

retrospective analysis of home videotapes of infants with typical development and ASD with and 

without (early onset) reported regression at 12 and 24 months of age (Werner & Dawson, 2005). 

An interesting finding was that the parent report measures showed significant differences in RSB 

between the early onset group with ASD and the TD group at 12 months, and between both ASD 

groups and the TD group at 24 months. However, the home video analysis did not show any 

significant differences in RSB among any of the groups at either 12 or 24 months. This could be 

due to biases in the types of behaviors the families recorded in their home videotapes. 

In contrast, in their prospective study of children in the second year using direct 

observation as opposed to parent report, Wetherby and colleagues (2004) found the presence of 

RSB in a substantial majority of children later diagnosed with ASD. Using the Systematic 

Observation of Red Flags of ASD (SORF; Wetherby & Woods, 2002), which employs ratings of 

behaviors during direct observation of a standardized behavior sample, Wetherby et al. (2004) 

identified 9 red flags that specifically distinguished 18 children with ASD from 18 with DD and 

18 with TD in the second year of life, the majority of whom were between 18 and 24 months of 

age. Seven of these red flags related to social and communication symptoms, but two related 

specifically to RSB, namely repetitive movements with objects and repetitive movements with 

body. In addition, 72% of the sample demonstrated repetitive movements with objects, compared 

to 11% in the DD group and 0% in the TD group, and 50% showed repetitive movements with 

body, compared to 17% in the DD group and 0% in the TD group. These findings suggest that 

direct observation within a standardized assessment setting may be a more sensitive measure of 

these behaviors than some parent report measures or observation of home videotapes at this 

young age. Taken together, these studies from the second year of life suggest that by the second 

half of the second year, RSB are detectable using direct observation and some parent report 

methods, such as the EDI. More precise measures of RSB during this time period are needed in 

order to more fully understand the nature of these behaviors and determine the feasibility of 

using these behaviors as possible early indicators of ASD.  
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First year of life. Retrospective home videotape studies have been useful in documenting 

symptoms of ASD in the first year of life, and these have consistently suggested that RSB are 

detectable in children with ASD in the first year relative to typical children, but that these may 

not distinguish children with ASD from children with DD. Baranek (1999) examined home 

videotapes of 9-to-12 month old children: 11 with autism, 10 with DD, and 11 with TD. She 

found that only one out of six possible object stereotypies, namely mouthing objects, and one 

social-sensory behavior, aversion to social touch, distinguished children with autism from 

children with DD and TD in addition to a number of indicators of social responsiveness. In a 

follow-up descriptive discriminant analysis, mouthing and aversion to social touch also had the 

highest loadings on the function that appeared to discriminate the ASD group from both the DD 

and TD groups. The groups did not differ on measures of stereotyped, inappropriate object play, 

unusual posturing, or visual staring / fixation on objects. In addition, in the discriminant analysis, 

posturing and inappropriate object play loaded more highly on the second function that appeared 

to distinguish the DD children from those with TD. In other words, they did not appear to be 

associated specifically to the children with ASD. Limited power due to small numbers in this 

study may have limited the ability to detect group differences on some variables. Another 

retrospective home videotape study by Osterling, Dawson, and Munson (2002) found that 

significantly more repetitive actions were present in one-year-old infants with ASD than typical 

infants, but that there were no group differences between infants with ASD and infants with 

developmental delay. This finding suggests that RSB may be associated with overall 

developmental level in very young children with ASD.  

Only one prospective study using direct observation of infants with ASD in the first year 

has been published to date. Zwaigenbaum and colleagues (2005) recently reported their findings 

on children who were younger siblings of children already formally diagnosed with ASD. They 

compared a group of siblings who were themselves diagnosed with ASD at two years to siblings 

who received no diagnosis at two years and a control group of other low-risk infants with no 1
st
 

or 2
nd

 degree relatives with ASD. Using the Autism Observation Scale for Infants (AOSI: Bryson 

et al., cited in Zwaigenbaum et al.), which rates behaviors on a 0 to 3 point scale, they found that 

in addition to social and communication differences, the infants with ASD at 12 months could be 

distinguished from the other siblings and the low-risk group by a number of sensory-oriented 

behaviors. These were defined as behaviors that “involved the use of play materials in 
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stereotyped, self-stimulatory ways (e.g., the child dangles a string of beads and waves them in 

front of his/her eyes)” (p. 149). As there was no control group of infants matched for 

developmental level, it is unclear whether these behaviors would distinguish the infants with 

ASD from infants with other developmental delays.  

The findings of these studies in the first three years of life are important and challenge the 

prevailing notions of the age of emergence of RSB as distinguishing features of ASD. Taken 

together, they suggest that RSB may be detectable as distinguishing features of ASD using 

systematic direct observation by the second half of the second year. However, both the parent 

report and observation studies to date lack precise measures of the RSB seen in these very young 

children. There is, therefore, a need to examine RSB more precisely in this age range in order to 

begin to document the pathogenesis of ASD and to assist in earlier identification. 

Typical versus Atypical RSB 

In light of the presence of typical RSB in very young typically developing children 

(Thelen, 1979; Evans et al., 1997), an important challenge in the study of RSB in very young 

children with ASD is the determination of features that make them atypical. Thelen’s detailed 

longitudinal observations of children in the first year of life documented rhythmical stereotypies 

of the legs, torso in varying positions, arms, fingers, and hands, with and without objects, which 

have clear times of onset, peak, and decline coincident with emergent voluntary control of each 

body area.  These observations led Thelen to conclude that rhythmical stereotypies were an 

expression of the natural oscillations of the neuromotor system when voluntary control was 

becoming established. The rhythmical stereotypies were transitional in that they were performed 

when infants had some level of control over the body parts involved, for example, when they 

were able to assume a certain posture, but they had not yet acquired the ability to adapt their 

actions to an intentional goal. A clear trend in the longitudinal data was that while the overall 

frequency of stereotyped behavior decreased after 42 weeks, the number of different stereotypies 

continued to increase over the first year (Thelen, 1979).  

Subsequent reports on the same extensive corpus of data indicated that rhythmical 

stereotypies occurred in a wide variety of contexts including non-alert states, interactions with 

caregivers, feeding, objects, and changes in position (Thelen, 1981). The relative potency of 

these contexts to elicit stereotypies varied with age. Of interest to this study, at the end of the 

first year the mean number of bouts of stereotypy per hour was highest for arm movements while 
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interacting with objects, with interacting defined as gazing at or manipulating objects. Thelen 

observed that “in the second half of the first year the presence of an object in the infant’s hand 

was a potent releaser of bouts of rhythmical arm movements” (p. 7). In addition, once repetitive 

movements existed in an infant’s repertoire of behaviors, infants used them for specific 

intentional purposes, such as shaking and banging objects in a seemingly deliberate exploratory 

manner. However, as fine motor manipulation developed, rhythmic exploration decreased 

(Thelen, 1981). Thelen (1996) related these movements to what Piaget (1952) termed secondary 

circular reactions defined as repetition of actions that produce interesting results. Piaget 

described these processes as occurring in the third stage of the sensorimotor period of 

development from about four to eight months of age in typical infants. Piaget suggested that a 

child’s secondary circular reactions seemed to reflect a sort of “magical belief in causality 

without any material connection” (p. 10) in that children also used the same means to try to 

achieve different ends (Piaget & Inhelder, 1969).  

Losche (1990) examined the development of skills related to Piaget’s six stages of 

development during the sensorimotor period in a longitudinal study of home videotapes of eight 

children later diagnosed with ASD and eight TD children from 4 to 42 months of age. Skills 

related to Stage 2 through Stage 6, which typically emerge in stage-like increments between 1 

and 24 months of age were specifically examined. Although there were no differences in 

sensorimotor skills between the ASD and TD groups from 4 to 12 months of age, they noted that 

from the beginning of the second year of life, at the time the children began walking, that 

children with ASD showed significantly more behaviors characteristic of Stage 3, that is, 

secondary circular reactions involving objects and events, and significantly fewer Stage 4, 5, or 6 

behaviors than the TD children, which involve coordinating secondary circular reactions in goal-

directed sequences, tertiary circular reactions, and symbolic play actions respectively. These 

differences appeared to be mainly quantitative, with the ASD children demonstrating delay 

rather than deviance. However, by 31 months of age, there were more signs of delay as the 

children with ASD began to show even less behavior beyond Stage 4 than in the previous age 

range from 22 to 30 months. Losche described them as being “overly involved with practicing 

and repeating well known means to achieve well known outcomes” (p. 758), and their behavior 

became increasingly difficult to rate according to Piagetian theory. Losche interpreted these 

findings as indicating possible arrested development in Stage 3 and Stage 4 behaviors in children 
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with ASD, which she proposed may explain RSB in young children with ASD. While there is 

now substantial evidence of skills in infants that cannot be explained by Piagetian theory, 

particularly skills involving social awareness such as deferred imitation (Meltzoff, 2004), the 

strategies of active exploration of the inanimate world that Piaget described appear to have some 

face validity in explaining the RSB observed in very young children with ASD. 

Some research also exists regarding the presence of rituals, habits, and other compulsive-

like behaviors in typically developing children between the ages of 8 and 72 months (Evans et 

al., 1997). Evans and colleagues investigated these behaviors using a parent report measure, the 

Childhood Routines Inventory (CRI) in 1,492 children. Similar to the findings in children with 

ASD, they identified two factors underlying compulsive-like behaviors. The first was a “Just 

Right” factor characterized by behaviors relating to carrying out certain behaviors until some 

sensory-perceptual criteria for being “just right” was reached. This included lining objects up and 

preferring to have things done in a particular order or certain way. The second factor related to 

“Repetitive Behaviors” including behaviors such as repeating actions over and over and 

insistence on routines. The “Just Right” factor was more prevalent in children aged 24 to 47 

months of age than for younger or older children, while behaviors related to the “Repetitive 

Behavior” factor appeared to emerge slightly earlier with 12- to 23-month-olds engaging in 

similar amounts, which were significantly more than children under 12 months. This suggests 

that the repetitive behaviors tapped by the CRI were perhaps distinct from the rhythmic 

behaviors described by Thelen (1979), which were decreasing overall toward the end of the first 

year of life. “Repetitive Behaviors” continued to be present until significantly decreasing only 

after 60 months of age. 

These studies are important and suggest that some RSB are present in typically 

developing children. However, there is little precise documentation of the nature and extent of 

typical RSB in children later in the second year of life against which the RSB of children with 

ASD can be compared. It is therefore unclear what aspects of RSB in children with ASD may be 

atypical relative to the behaviors in TD children at very young ages. In addition, there is little 

understanding of how these typical and atypical RSB may be related. In a recent review of 

studies of the early development of stereotypy not specific to children with ASD, Symons, 

Sperry, Dropik and Bodfish (2005) stated it is still unclear whether atypical RSB are related to 

increased frequency, increased severity, multiple numbers of atypical forms, delayed onset, or 
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sequence, or adverse effects on development. There are no studies comparing the duration, 

frequency, and topographies of a wide variety of RSB to determine if such qualitative differences 

exist between children with ASD and chronologically age-matched children with developmental 

delays and typical development in the second half of the second year of life.  

Theories of RSB 

Theoretical accounts of ASD have focused more on explaining the social and 

communication symptoms evident in individuals with ASD than the RSB symptoms. However, a 

number of theories of RSB do exist and these can be conceptualized as falling into one of three 

broad types: 1) homeostasis and learning theories, which focus on the function RSB appear to 

serve for individuals with ASD; 2) autism-specific theories focusing usually on a core underlying 

deficit that explains both the social and RSB symptoms; and, 3) theories related to the 

relationship among ASD symptom domains, which focus on how symptoms in one domain, such 

as social impairments, may underlie symptoms in other domains, such as RSB, or vice versa.  

Homeostasis and learning theories. As mentioned, RSB, particularly the lower-level 

behaviors, have historically been defined as behaviors with no apparent goal or function (Hutt & 

Hutt, 1970; Sprague & Newell, 1996; Lewis & Bodfish, 1998), yet the most enduring theories of 

RSB relate specifically to hypothesized functions that the behaviors serve for individuals with 

ASD. There are two main schools of thought regarding possible functions of RSB (Turner, 

1999a): 1) that RSB are coping mechanisms that assist individuals with ASD to modulate their 

levels of arousal and thus maintain a state of homeostasis; and 2) RSB are learned behaviors 

governed by operant conditioning. Although homeostasis theories of RSB have a long history, 

there is little unequivocal evidence supporting them (Turner, 1999a). However, recent 

technological advances have made specific hypotheses related to these theories more testable. 

For example, Willemsen-Swinkels, Buitelaar, Dekker, and van Engeland (1998) obtained 

measures of heart rate and observer judgments of emotional context of 26 children, 14 of whom 

were diagnosed with ASD, during a semi-structured playroom session with a parent. They found 

that stereotypies involving movements of the limbs (e.g., hand flapping, leg wiggling, 

hand/finger mannerisms) were more likely to be associated with moods of elation, while low 

intensity sensory behaviors (e.g., tapping objects, licking, or twiddling pencils) were more likely 

to be observed in moments of composure and in moments of distress. These patterns were 

observed across the IQ span present in the sample which ranged in chronological age from 33 to 
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84 months. They proposed that these data were consistent with the theory that stereotypies are 

used for a homeostatic function in overstimulating environments and to counterbalance 

understimulation in calm environments, although replication with larger samples, especially of 

children with ASD and carefully matched controls is needed to confirm these claims. 

Homeostasis theories hold appeal for explaining RSB in very young children with or without 

ASD and require detailed examination of the emotional contexts in which RSB are displayed. 

Learning theories of RSB have suggested that some RSB are maintained by automatic or 

sensory reinforcement (Lovaas, Newsom, & Hickman, 1987; Iwata, Dorsey, Slifer, Bauman, & 

Richman, 1994). To the extent that children learn to engage in RSB to produce desirable sensory 

reinforcement that creates an internal state of optimal arousal, operant accounts of RSB are not 

incompatible with the homeostasis theories. Turner (1999a) cited numerous sources of support 

for this theory including evidence that equivalent but alternative stimulation can lead to a 

reduction in RSB, RSB has been used successfully to reinforce alternative low-rate behaviors, 

and sensory extinction that masks the sensory effect of the RSB can successfully reduce specific 

RSB.  

Other learning processes have also been identified in the production or maintenance of 

RSB, including socially mediated positive reinforcement such as attention from others or access 

through others to desired items, and socially mediated negative reinforcement such as escape 

from demands (Iwata et al., 1994). Research identifying these learning processes through 

functional analysis and intervention studies have related more specifically to self-injurious 

behavior in severely developmentally delayed individuals (e.g., Iwata et al., 1994; Vollmer, 

Iwata, Zarcone, Smith, & Mazaleski, 1993), although there is some evidence of successful 

application to children with ASD (Durand & Carr, 1987; Durand & Crimmins, 1987; Kennedy, 

Meyer, Knowles, & Shukla, 2000). While there is a body of evidence in the literature tracing 

possible links between early RSB and later self-injurious behavior in children with general 

developmental delays (Richman & Lindauer, 2005), an interesting association between RSB and 

self-injurious behavior has been identified specifically in children with ASD. Two recent studies 

have shown that for boys with autism, disruptive or problem behavior occurred most frequently 

to escape demands that interfered with already occurring RSB and to retain access to items used 

in RSB (Reese, Richman, Zarcone, & Zarcone, 2003; Reese, Richman, Belmont, & Morse, 

2005). 
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Turner (1999a) argued that the main problem with both homeostasis and learning theories 

of RSB is that they were developed from the study of individuals with developmental delays and 

then generalized to children with ASD. While they are no doubt important in understanding 

some aspects of RSB observed in children with ASD, particularly those with accompanying 

developmental delays, they do not tell the whole story or explain the consistent finding of many 

studies of increased severity of RSB in individuals with ASD in samples matched for 

developmental level or even without developmental delay.  

Autism-specific psychological theories. A number of theories specific to ASD now exist 

that have attempted to explain the presence of RSB. The theory of mind hypothesis (Baron-

Cohen, 1995) originally explained the social deficits observed in ASD as resulting from a 

primary impairment in the ability to understand and infer the mental states of others, a set of 

skills referred to as having a theory of mind. RSB were thought to develop as a result of, and in 

order to reduce, the anxiety experienced by individuals with ASD immersed in an unpredictable 

social world. Baron-Cohen and colleagues (2005) have further developed and refined this theory 

to view the core symptoms of ASD as resulting from a discrepancy between two independent 

psychological systems: empathizing and systemizing. Empathizing is proposed to consist not only 

of theory of mind skills, but also the ability to respond with appropriate emotional reactions to 

other’s mental states, for example, sympathy. Systemizing, which has more relevance to 

explaining RSB, refers to the drive to analyze and build systems to understand and predict the 

behavior of nonintentional events or systems. Relative strengths in systemizing are proposed to 

lead to preoccupations with various mechanical or rule-governed systems, from technical 

systems such as machines to natural systems such as the weather, which are often observed in 

individuals with ASD, particularly Asperger syndrome, as well as other repetitive behaviors and 

islets of ability. There are as yet no studies directly examining the relationship between the 

psychological phenomenon of systemizing and severity of RSB in individuals with ASD. This 

process of superior systemizing may hold promise, however, for explaining RSB even in very 

young children with ASD as this domain of functioning may conceivably develop from birth and 

does not relegate RSB as secondary to other primary deficits that have not yet matured in very 

young children, such as theory of mind.  

Frith (1989) proposed that a fundamental impairment in individuals with ASD is with the 

integration of all levels of analysis in perception and behavioral responsiveness, which she 

 17



termed weak central coherence. Therefore, perceptions are captured by the most salient or 

possibly even arbitrary feature of sensation while the context is ignored and integration of 

perceptual information fails to occur. Happe (2005) stated that one strength of this theory is its 

ability to account not only for deficits observed in individuals with ASD, but also for savant 

skills in areas such as music, art, calculation, and memory. With respect to RSB, Ridley (1994) 

stated that when integrative processes fail to generate meaningful perceptions, repetition may act 

as a substitute form of structure producing both a focus of interest in the environment and a 

rewarding type of behavioral activity. However, there have been few studies that have directly 

related piecemeal processing style to the presence of RSB in individuals with ASD (Turner, 

1997).  

Other researchers have also proposed that the unusual perceptual skills of young children 

with ASD may explain the early development of some RSB (Mottron & Burack, 2001; Mottron 

et al., 2005, May). These authors suggest that enhanced perceptual recognition of visual patterns 

may result in atypical visual exploratory behaviors of inanimate objects such as close or 

peripheral visual examination. They have found that these unusual visual exploratory behaviors 

are more frequent in young children with ASD than MA-matched children (Mottron et al., 2005, 

May). They propose that it is the drive towards the examination of objects as a result of unusual 

visual perceptual abilities that may lead to some RSB in individuals with ASD. This theory also 

holds promise for possibly explaining RSB in very young children with ASD as unusual 

perceptual skills may exist very early on in development.  

Finally, an autism-specific theory of RSB that has received some empirical support is that 

of impaired executive functioning. The primary deficit in individuals with executive dysfunction 

is an inability to generate, plan, and control behavior in the usual manner (Ridley, 1994). 

Executive processes that are primary candidates as mechanisms underlying certain RSB and 

which have been found to have high correlations with RSB measures include limited capacity in 

the inhibition of ongoing or elicited inappropriate behavior (Turner, 1997), an inability to 

generate novel behavior without prompting (Turner, 1999b), and impaired cognitive flexibility 

(Lopez, Lincoln, Ozonoff, & Lai, 2005). The recent findings of Lopez et al. (2005) in adults with 

ASD suggested it was not only deficits in executive functioning that related to RSB, but the 

overall profile of executive strengths and weaknesses that explained most variance in the RSB 

displayed by their group of adults with ASD. However, it was also clear from their data that 
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profiles of executive functioning did not fully account for the variance in RSB. In order for this 

theory to be able to explain RSB in very young children, measurable precursors to executive 

functioning in children under two years of age would need to be identified.  

Inter-domain theories. Finally, there is a set of theories that has attempted to relate the 

primary behavioral deficits in the social, communication, and RSB domains observed in ASD to 

each other. Charman and Swettenham (2001) stated that “these domains may be united (far back 

in development) at a neurobiological level, or they may be connected further “downstream” of 

the pathogenic pathway at a cognitive or behavioural level” (p. 339). One currently prominent 

theory proposes that a primary deficit in social orienting may underpin the subsequent 

development of other symptoms of ASD, including RSB (Dawson et al., 2004; Mundy & 

Crowson, 1997; Mundy & Burnette, 2005). Mundy and Burnette (2005) describe this deficit in 

social orienting as a primary disturbance in the ability to spontaneously orient to and process 

social information in the first years of life. Their model proposes a transactional or coactive 

relationship between this initial social disturbance, resulting environmental changes, and 

subsequent atypical neurological development in children with ASD. They propose that the 

initial disturbance in social orienting hinders the young child from responding to and generating 

his/her own opportunities for social interaction leading to a robust attenuation of the flow of 

social information to the child. Experience expectant neurological development is thus affected 

by this impoverished social input, which in turn leads not only to an even greater social deficit, 

but also contributes specifically to further atypical neurological development from which other 

symptoms of ASD arise, such as RSB. RSB are thus seen as the result of secondary atypical 

neurological development caused by the dynamic interplay between an initial social disturbance 

and subsequent environmental changes during a particularly sensitive period of development. 

Indirect evidence for this theory exists from animal studies showing the spontaneous 

development of stereotypies and self-injurious behavior following early social deprivation in 

monkeys (Lewis & Bodfish, 1998), although the extent of social “deprivation” as a result of 

early social orienting deficits, subsequent atypical development, and severity of RSB have not 

yet been empirically related. 

Mottron and colleagues’ (2001; 2005, May) theory regarding the drive towards objects 

leading to RSB has been offered as an alternative to “social first” theories suggesting that 

because individuals with ASD are so drawn to objects they may fail to develop appropriate social 
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skills. In light of the fact that most theories of ASD rely heavily on correlational data, there is 

always the possibility of alternative explanations for observed relationships. Lopez et al. (2005) 

pragmatically state that it is premature to reject any one psychological theory of RSB and that it 

is likely that multiple neurobiological abnormalities could independently contribute to the 

variability in symptoms associated with ASD. They further point out that the findings of studies 

of older children or adults with ASD may provide evidence only of mechanisms that maintain 

RSB and reveal little about the etiology of these behaviors in individuals with ASD. This again 

highlights the importance of studies of RSB early in the development of ASD. 

Comprehensive reviews of research on ASD emphasize the importance of integrating 

psychological and neurobiological accounts of behaviors observed in individuals with ASD 

(Bailey, Phillips, & Rutter, 1996; Volkmar, Lord, Bailey, Schultz, & Klin, 2004). Cuccaro et al. 

(2003) have also suggested that understanding the role of RSB in individuals with ASD, 

particularly the identification of subgroups, may have “great value in our attempts to dissect the 

genetic etiology of this complex disorder” (p.14). Recent genetic model-fitting in a large 

community sample of more than 3,000 7-year-old twin pairs that included children with ASD at 

a rate of .36% to .46% depending on the time point assessed, has suggested that while both social 

and nonsocial behaviors or RSB that are characteristic of children with ASD were highly 

heritable in the general sample, they were only modestly correlated, suggesting different 

underlying genetic sources (Ronald, Happe, & Plomin, 2005). This study included most but not 

all of the range of RSB specified in the DSM-IV. While the search for the genetic bases of ASD 

is extremely important in our understanding of the nature of ASD, and while RSB profiles may 

have particular potential in guiding genetic research, Rutter (2005) cautions us to remember that 

genes code for proteins and not behaviors, and that much work across multiple disciplines will be 

necessary in tracing the “indirect pathways leading from susceptibility genes through effects on 

proteins and protein products, through physiological and neurochemical processes, and 

ultimately to the proximal pathway that leads to the syndrome of autism” (p. 443). 

Summary 

There appears to be less consensus overall about the nature and development of RSB in 

individuals with ASD compared to what is known about symptoms in the social and 

communication domains. In adults with ASD, RSB appear to be somewhat related to overall 

developmental level, but this has not always been shown to predict change in RSB over time. 
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Although RSB are not specific to autism, elevated patterns of occurrence and severity appear to 

characterize the disorder in adults in comparison to adults with DD. Profiles of RSB do not 

however appear to distinguish different subtypes of ASD in adolescents. Studies of preschoolers 

suggest that RSB are present between 3 and 5 years of age and can distinguish children with and 

without ASD, but that there is marked heterogeneity among children. In addition, studies of 

preschoolers using parent report have yielded findings regarding relations among RSB, 

developmental level, and social symptoms that are less clear than those using direct observation 

or findings in older children or adults. Results from studies of children in the first three years of 

life suggest that RSB might distinguish children with ASD from children with DD and TD from 

the second half of the second year, if not earlier. Repetitive movements with objects and the 

body, including hand and finger mannerisms and unusual sensory behaviors appear to be the 

most frequently reported RSB at this age although more precise descriptions of these behaviors 

are needed.  

Statement of the Problem and Research Objectives 

Some studies employing systematic observation (Wetherby et al., 2004) and parent report 

(Werner et al., 2005) have found RSB to be present in very young children with ASD, and to 

distinguish them from children with DD and TD. The measures used in these studies, however, 

have by their nature reduced the precision of measurement of these behaviors and little is known 

about the features that characterize RSB in very young children with ASD compared to RSB in 

TD children. Research is needed that uses direct systematic observation to more precisely 

quantify the topographies of RSB, as well as the dimensions of frequency and duration of bouts 

of RSB (Gardenier, MacDonald, & Green, 2004) in very young children with ASD and 

chronologically age matched children with TD and chronologically and developmentally age-

matched children with DD. This will inform efforts at early identification of ASD and provide 

important descriptive information to enhance understanding of the development of ASD. More 

research is also needed to examine the relationship among RSB, developmental level, and social 

symptoms in individuals with ASD. Examining the relationship between early RSB and later 

symptoms in repetitive or stereotyped use of language and / or other stereotyped and repetitive 

behaviors will also inform theories of the pathogenesis of RSB in young children with ASD. 
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The purpose of this study was to examine RSB in children under two years of age who 

were later diagnosed with ASD, and chronologically age-matched groups of children with DD 

and TD. The specific research objectives and accompanying hypotheses were the following:  

(1) To describe the types, proportion, and rate of RSB in children with ASD, DD, and TD 

between 18 and 24 months of age and to examine group differences between the ASD and DD 

and ASD and TD groups. It was hypothesized that: a) the group with ASD would show both 

higher proportion of time engaged in RSB and have a higher rate of RSB than both the DD and 

TD groups; b) more children in the ASD group would demonstrate RSB; c) children with ASD 

would present with a greater variety of RSB; and, d) the ASD group would be distinguishable 

from the DD and TD groups by a unique linear combination of RSB. 

(2) To examine concurrent relationships between proportion and rate of RSB, 

developmental level, social skills, and eye gaze to face between 18 and 24 months in each group. 

It was hypothesized that a) RSB would be negatively correlated with developmental level within 

diagnostic groups; b) higher proportion and rate of RSB would be associated with lower ratings 

of social skills overall in children with ASD; c) children with ASD would gaze to other’s faces 

less overall during the Behavior Sample and this would correlate negatively with proportion and 

rate of RSB; d) during episodes of RSB, children with ASD would look less towards other’s 

faces than children with DD or TD; and, e) RSB would have an inhibitory effect on eye gaze to 

face in that eye gaze to face would be less during RSB than during the whole sample. 

(3) To examine the predictive relationships between second year measures of RSB, 

developmental level and social skills, and fourth year measures of RSB, social symptoms, and 

overall symptom severity, and verbal and nonverbal developmental level. It was hypothesized 

that a) higher proportion and rate of RSB in the second year would correlate positively with 

repetitive behaviors and social symptoms, and negatively with developmental level and adaptive 

behavior outcomes in the fourth year; and b) social and developmental skills in the second year 

would predict developmental and adaptive outcomes as well as social and RSB symptoms in the 

fourth year. 
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METHOD 

Participants 

Three groups of children, all in the second year of life, participated in this study, one with 

ASD (n = 50), one with DD in which ASD was ruled out (n = 23), and one with TD (n = 50). 

The participants were drawn from an existing database of research participants recruited 

prospectively through the FIRST WORDS
®

 Project. This Project conducts screening on a 

general population sample of children recruited from healthcare and childcare agencies to 

identify children in the first two years of life with communication delays using the 

Communication and Symbolic Behavior Scales Developmental Profile (CSBS DP; Wetherby & 

Prizant, 2002). The CSBS DP includes two measures: (1) a one-page, 24-item Infant-Toddler 

Checklist for screening that can be completed quickly by a parent at a physician’s office or 

childcare center, and (2) a Behavior Sample, which is a face-to-face evaluation of the child 

interacting with a parent and a clinician that is videotaped for analysis. All children recruited for 

this study met the following selection criteria: (1) a CSBS DP Infant-Toddler Checklist was 

completed by the family when the child was under 24 months of age; (2) a CSBS DP Behavior 

Sample was videotaped when the child was over 18 months of age; and (3) a follow-up 

developmental evaluation was conducted over 24 months of age, which included administration 

of the Mullen Scales of Early Learning (MSEL; Mullen, 1995). This provides a measure of 

verbal and nonverbal functioning. Additional selection criteria for each group are described 

below. 

ASD group. Children were included in the ASD group if the met the following additional 

selection criteria: (1) they presented with a communication delay during the second year of life 

based on performance in the bottom 10
th

 percentile on either the Social or Symbolic Composite 

of the CSBS DP Behavior Sample; and, (2) they were diagnosed with ASD in their follow-up 

diagnostic evaluation by a multidisciplinary team consisting of a licensed speech-language 

pathologist and psychologist. The team made a best estimate diagnosis of Autistic Disorder, or 

Pervasive Developmental Disorder-Not Otherwise Specified (PDD-NOS) as defined in the DSM-

IV (APA, 2000). This was based on information gathered from a detailed parental interview, the 

VABS, which provides a measure of adaptive functioning, the MSEL, and the Autism Diagnostic 

Observation Schedule (ADOS; Lord, Rutter, DiLavore, & Risi, 2002). The ADOS is a semi-

structured, standardized assessment designed to assess the core diagnostic criteria for ASD on 
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the DSM-IV-TR (APA, 2000) of Reciprocal Social Interaction, Communication, Play, and 

Stereotyped Behavior and Restricted Interests. The term best estimate diagnosis is used because 

the team was allowed to decide how to put the information together to make a diagnosis. A 

diagnosis of Asperger syndrome was not made or ruled out due to the young age of these 

children. Children were included in the ASD group if they received a DSM-IV-TR diagnosis of 

Autistic Disorder or PDD-NOS and their Social and Communication total algorithm scores on 

the ADOS fell at or above the cut-off for autism spectrum. The ADOS could not be completed 

for two children because they lived at a distance and families could not return for the follow-up 

evaluation. Both of these children had received a diagnosis of ASD at 30 months of age or older 

by a pediatric neurologist, and therefore, were included in the ASD group. 

DD group. Children were included in the DD group if they met the following criteria: (1) 

they presented with a communication delay during the second year of life based on performance 

in the bottom 10
th

 percentile on either the Social or Symbolic Composite of the CSBS DP 

Behavior Sample; (2) they scored more than one standard deviation below the mean on at least 

one of the four scales of the MSEL in their follow-up evaluations, and (3) a diagnosis of ASD 

was ruled out following the same diagnostic assessment described for the ASD group. One child 

assigned to the DD group received an ADOS algorithm score above the cut-off for ASD, but was 

not assigned to the ASD group as the diagnostic team felt his ADOS score was heightened due to 

the severity of his developmental delay. Children in the DD group were matched group-wise to 

the ASD group based on chronological age at the time of the Behavior Sample, Symbolic 

Composite score on the CSBS DP as a measure of developmental functioning in the second year, 

and on their nonverbal abilities as measured on the MSEL. The Symbolic Composite score 

consists of measures of verbal comprehension as well as functional, symbolic, and constructive 

play, thus providing a measure of developmental level that is not dependent on expressive 

language. The DD group included children with general developmental delays and specific 

speech, language, or motor delays in order to match the range of intellectual functioning present 

in the ASD group. Children with known genetic conditions or chromosomal abnormalities (e.g., 

fragile X or Down syndrome) were not excluded from either the ASD or DD groups.  

TD group. Children were included in this group if they scored above the 25
th

 percentile 

on the Social, Speech, and Symbolic Composites of the CSBS DP Behavior Sample in the 

second year, and within the normal range on the MSEL in their follow-up assessments. 
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Additionally, they were selected if they scored as having no or low risk for ASD on the Social 

Communication Questionnaire (SCQ; Rutter, Bailey, Berument, Lord, & Pickles, 2001) at the 

time of their follow-up assessment. On the SCQ a score of 0 indicates no risk and 15 or higher 

indicates risk for ASD. The SCQ was mailed to the children’s families and was returned by 26 

families, indicating a 52% response rate. These children received an average score of 6.1, with a 

range from 0 to 12, and all had scores below the cutoff for ASD. In addition, none of the children 

were suspected of ASD during their follow-up evaluations. Children in the TD group were 

matched individually to the ASD group based on chronological age at the time of the CSBS 

Behavior Sample and gender. 

Table 1 summarizes the demographic characteristics of the sample and indicates that all 

three groups were well-matched on mother’s and father’s education and mother’s age, using the 

criterion p-value of > .50 on tests of group differences for the purposes of matching (Mervis & 

Klein-Tasman, 2004). This suggests that the groups were comparable on socioeconomic status. 

The ASD group had slightly more children who were Hispanic and Asian and the DD group had 

slightly more children who were African American. 

 

Table 1 

Summary of Participant Demographics            

       p-value of 

       group differences  

Demographic ASD (n=50)  DD (n=23)  TD (n=50)   ASDvDD ASDvTD

Parent's education in years completed       

Mother (M, SD) 15.48  2.08  15.36 2.42  15.15 2.29  .996 .841 

Father (M, SD) 15.73  2.52  15.40 2.42  15.44 2.69  .938 .923 

Parent's age at child's birth in years
 

         

Mother (M, SD) 31.19  4.93  32.15 6.32  31.60 5.83 .892 .973 

Father (M, SD) 32.99  6.82  35.72 5.66  34.18 6.45 .232 .766 

Males (%) 86.0  82.6  86.0    

First born (%) 39.5  39.1  37.5    

Ethnicity (%)          

Caucasian 70.0  65.2  86.0    

African American 16.0  21.7  12.0    

Hispanic 10.0  8.7  2.0    

Asian 4.0  4.3  0.0       
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A summary of participant developmental characteristics for the CSBS DP behavior 

sample gathered in the second year and the follow-up diagnostic evaluation for the three groups 

is presented in Table 2. The children ranged in age from 18.24 to 26.86 months at the Behavior 

Sample and there were no significant group differences in age between the ASD and DD or 

between the ASD and TD groups. The ASD group was significantly different than the TD group 

on the Symbolic Composite of the CSBS DP. The ASD group was well matched with the DD 

group on the Symbolic Composite, indicating they were matched on development level in the 2
nd

 

year.  

 

Table 2 

Summary of Developmental Characteristics 

     p-value of 

 ASD (n=50) DD (n=23)  TD (n=50) group differences 

Characteristic M SD M SD  M SD ASDvDD ASDvTD 

CSBS DP behavior samplea         

Age in months 21.36   1.90 20.71   1.58    21.14   1.72 .342 .896 

Social composite    4.96   2.37   7.83   3.33    11.34   2.39 .002 .000 

Speech composite    5.84   2.63   7.30   2.75    10.38   2.48 .109 .000 

Symbolic composite    5.84   3.07   6.48   2.39    11.30   2.58 .707 .000 

Total 73.86 12.63 81.78 12.05  103.50 11.43 .040 .000 

Mullen scales of early learningb         

Age in months  37.74   9.61  36.37   6.01    35.98   5.11 .843 .593 

Nonverbal DQ  76.73 25.19  86.16 21.41  115.25 16.90 .282 .000 

Verbal DQ   67.38 31.12  79.43 21.84  109.88 16.78 .177 .000 

Vineland adaptive behavior scalesc        

Age in months 42.13 13.41  44.58 10.93    .422  

Communication 74.60 17.50  81.30 16.52    .128  

Daily living 72.84 13.28  81.48 20.28    .074  

Social 74.16 16.20  85.70 17.97    .013  

Motor 78.56 14.09  76.43 24.36    .702  

Adaptive Behavior 70.27 13.67  78.04 19.95      .103   
a
 Standard scores based on M of 10 and SD of 3 for composite scores and M of 100 and SD of 15 

for the total score. 
b
 Developmental quotient (DQ) based on age equivalent divided by 

chronological age multiplied by 100. 
c 
Standard scores based on M of 100 an SD of 15. 
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All groups were well matched in age at the MSEL during the follow-up evaluation. 

Because so many of the children in this study achieved the lowest possible standard score on the 

MSEL (i.e., T=20), a developmental quotient (DQ) based on age equivalent divided by 

chronological age multiplied by 100, was used to more fully characterize individual variation. A 

nonverbal DQ was calculated from the average of the fine motor and visual reception scales, and 

a verbal DQ was calculated from the average of the receptive and expressive language scales. 

The MSEL scores presented in Table 2 indicate that the ASD and DD groups show a wide range 

of cognitive functioning. As expected, the ASD group was significantly different than the TD 

group on nonverbal and verbal DQ. There were no significant differences between the ASD and 

DD group on verbal or nonverbal DQ, although the p-values for these differences did not reach 

the optimal value for matching of .50. More than half of the group with ASD was relatively 

higher functioning (nonverbal DQ > 70) and 38% had a nonverbal DQ below 70. The DD group 

was comprised of 39% who had a nonverbal DQ below 70, 26% with specific language delay, 

and 35% with speech and/or fine motor delay. On the VABS presented in Table 2, the ASD 

group was matched with the DD group on only the motor domain, with nonsignificant 

differences on the communication and daily living domains and significant differences on the 

social domain. 

The mean age at assessment of the ADOS was 44.18 months (SD=14.09) for the ASD 

group (n=47) and 44.76 months (SD=10.11) for the DD group (n=22). The revised algorithm 

scores for the ADOS were used to calculate severity of symptoms in the fourth year (Gotham, 

Risi, & Lord, 2005, May). According to the revised algorithm scores for the ADOS, the mean 

ADOS Social-Affect + Restricted Repetitive Behavior (SA+RRB) total algorithm score was 

15.04 (SD=5.48) for the ASD group and 3.27 (SD=3.36) for the DD group, which was 

significantly different, F = 120.56, p< .000. The specific items making up these revised 

algorithm scores are listed in more detail in the section related to the fourth year measures. At the 

time of the ADOS assessment, 37 children in the ASD group (79%) and 20 children in the DD 

group (91%) used at least 5 words regularly with communicative intent; 19 children in the ASD 

group (40%) and 15 children in the DD group (68%) used flexible word combinations. There 

were 27 children in the ASD group (54%) who received a best estimate diagnosis of autistic 

disorder and 23 (46%) who received a diagnosis of PDD-NOS. 
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Second Year Measures 

CSBS DP Behavior Sample. All measures in the second half of the second year were 

obtained from the videotaped Behavior Sample of the CSBS DP. The Behavior Sample employs 

a standard but flexible format for sampling behavior of very young children. It uses a variety of 

communication temptations designed to encourage spontaneous communication behavior, such 

as a wind-up toy, bubbles, a jar of cheerios, and a bag of toys. Other activities include book 

sharing, language comprehension probes, and opportunities for symbolic and constructive play. 

This instrument has been normed on a national sample and the standard scoring has been shown 

to have good internal consistency and test-retest stability (Wetherby & Prizant, 2002) as well as 

good predictive validity with language outcome scores at two and three years of age (Wetherby, 

Allen, Cleary, Kublin & Goldstein, 2002; Wetherby, Goldstein, Cleary, Allen & Kublin, 2003).  

RSB and eye gaze. RSB and eye gaze were coded from the behavior sample videotapes 

using the Noldus Pro Observer
©

 software version 5. This software allows the scoring and timing 

of pre-defined behaviors in digitized videotapes by different observers. It provides a precise 

temporal tagging of each behavior, allowing for measures of frequency and duration to be 

calculated. A behavioral coding scheme for RSB and visual attention was developed for this 

study using the following steps: (1) A detailed literature review of visual attention and RSB 

previously reported in young children with ASD was conducted and a preliminary list of visual 

targets and RSB was compiled. The original list was made purposefully broad in order to 

encompass the full range of topographies of motor and sensory RSB and eye gaze targets that 

may occur in young children with ASD, DD, and TD with consideration to the kinds of objects 

and opportunities for RSB to be observed during the CSBS DP Behavior Sample. Precise 

definitions for the coding of the onset and offset of each behavior were then devised. (2) A 

working draft of this coding scheme was tested by having experienced raters use it to code RSB 

and visual attention behaviors of four pilot children not included in the study sample, two 

diagnosed with ASD, one with DD, and one with TD, calculating Cohen’s kappas among those 

observers, and revising the definitions to remediate ambiguities or omissions. (3) Coders who 

were blind to the diagnostic groups of the participants and to the hypotheses of the study were 

then trained to use the coding scheme on the same four pilot children. The coders were trained to 

an agreement criterion of kappa > .6 with the experienced raters. Once trained to this criterion, 

the coders coded these behaviors in the study sample. The detailed coding definitions obtained 
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via steps 1 and 2 of this process are provided in the Appendix. The three categories of RSB and 

the corresponding individual behaviors are listed below.  

Categories of RSB. For the purpose of this study, RSB were defined as behaviors that 

were repetitive (3 or more repetitions or occurred with 3 or more objects) and were not used 

communicatively (i.e., are not part of a communicative act). Both frequency and duration of RSB 

were coded. Three categories of RSB were coded: RSB with objects, RSB with body, and proto-

self-injurious behaviors. Repetitive movements were coded as repetitive if they occurred three or 

more times in succession within one activity. Items 8 to 10 of RSB with objects were coded if 

they included three or more objects in succession within one activity. Item 11 was coded if it 

occurred three or more times across the entire sample. Items 12 to 15 in RSB with objects and 

items 8 to 12 in RSB with body were considered stereotyped movements and were coded every 

time they occurred. Proto-self injurious behaviors were also coded every time they occurred.  

RSB with objects. The following 16 topographies were coded in this category:  

1. bang / tap / bounce: contact between one object with another object or between and 

object and a surface;  

2. turn / rotate / spin / twirl / wobble / flip / roll: child turns an object while held in the 

hand, or spins, wobbles, flips, rolls or otherwise rotates it on the surface of the table;  

3. shake: moves arm consecutively up and down while holding an object, but doesn’t 

bang it on the table;  

4. push, slap, or throw object away from self;  

5. open and close a part of an object;  

6. squeeze an object or part of an object;  

7. rub, pull, or stretch an object;  

8. stack: places two or more objects other than blocks inside or on top of a third object;  

9. line objects up: places three or more objects next to each other on the table or lines up 

two objects end to end while held in the hand;  

10. collect objects: holds or gathers three or more objects at one time; this can be in the 

hand, under the arm, or in a pile elsewhere;  

11. drop / put objects to one side: drops / puts three or more objects off the table either to 

their left or right sides across the whole sample; 

12. lick: contact between the tongue and an object; 
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13. bite: if distinguishable from mouthing; not including cooking or feeding toys; 

14. smell / sniff an object; 

15. unusual rub / touch: visible rubbing of an object against a part of the child’s skin not 

including the hand (e.g., cheek);    

16. fixate eyes, tilt head, or visually examine an object held very close to or to the side of 

the eyes. 

RSB with body. The following 10 topographies were coded in this category:  

1. bang / tap: child bangs or taps his/her hand / arm against a surface, such as the table or 

body, while not holding an object or taps or bangs one hand / arm against the other hand/arm;  

2. rock: one forward followed by one backward movement of the body or vice versa in 

the seat, may or may not bang against the back of the seat;  

3. flap arms or hands or rotate hands: raises and lowers arms or hands or rotates hands 

(while not holding any object) either in front of or at the side of the body;  

4. jump / bounce in seat;  

5. wiggle from side to side in the sassy seat; 

6. flick fingers: isolated movements of the fingers either in the air or against a surface, 

but not while holding or examining an object;  

7. rub the surface of the furniture;  

8. rub two parts of the body together, for example rubs hands together back and forth or 

rubs hand over head; scratching an itch is not included 

9. stiffen and spread fingers: visible tensing of the fingers evident in spreading or flaring 

posture of the fingers, as well as visible tensing of the fists, arms, or shoulders; 

10. cover both eyes or ears. 

Proto-self injurious behavior. Two topographies were coded in this category: 

1. head bang: contact between any part of the head or face and any other surface such as 

the table; 

2. head / face slap: contact between the palm of the hand and any part of the face or head. 

Targets of visual attention. Eye gaze throughout the behavior sample was coded into six 

mutually exclusive and exhaustive targets of visual attention: a) to a person’s face, b) body, or c) 

hand, d) to an object, e) to an object in a person’s hand (hand with object), and f) other. Visual 

attention to a person’s face was coded any time the child was looking towards another’s face, 

 30



including the clinician, caregiver, or other adult visible within the camera. Gaze to object was 

coded only if the child was looking towards salient objects that were related to the CSBS DP 

testing procedures. These may have been on the table, held by the child, or elsewhere within the 

camera view (e.g., on the wall behind the child). If the child was looking at an object being held 

by another person, this was coded as “hand with object”. Other gaze was coded for all other 

targets of eye gaze, if the coder was unable to determine where the child was looking, or if the 

child’s eyes were closed.  

Symbolic capacity and social competence. Two measures using the standard scoring 

procedures of the CSBS DP Behavior Sample were included in this study, the symbolic 

composite as a measure of developmental functioning and the social composite as a measure of 

social competence in the second half of the second year. As mentioned, the symbolic composite 

consists of measures of verbal comprehension, as well as functional, symbolic, and constructive 

play. Verbal comprehension is a measure of symbolic capacity to understand single words 

without gestural cues. Probes were presented during which the adult said “give me” or “show 

me” up to 3 different object names, 2 different person names, and 3 different body parts and the 

child identified each by touching, showing, or making a clear change in direction of gaze. The 

symbolic play measure consists of the inventory of different action schemes a child used with the 

set of feeding and cooking toys, the number of action schemes used toward others (e.g., the doll 

or adults), and the number of two or more sequenced action schemes (e.g., scoop and feed). 

Constructive play is a measure of how many blocks the child was able to stack. 

The social composite was used as a measure of social competence. The composite score 

consists of 9 items related to the use of emotion and eye gaze (gaze shifts, shared positive affect, 

and gaze/point following), communication (rate of communicating, acts for behavior regulation, 

social interaction, and joint attention), and gestures (inventory of conventional gestures, and use 

of distal gestures during sampling opportunities). 

Interobserver agreement 

Cohen’s kappa (k; Cohen, 1960) was used to quantify interobserver agreement for the 

RSB and eye gaze measures. Cohen’s kappa assesses the reliability of a categorical scale while 

correcting for chance agreement (Bakeman & Gottman, 1997) and has values ranging from 0 to 

1. Values from .60 to .75 are regarded as good and values over .75 are regarded as excellent 

(Fleiss, 1981). Interobserver agreement for the detailed coding of RSB and eye gaze was 
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calculated on 24% of the data using 30 randomly selected samples from all three groups. As each 

sample was approximately 20 minutes in length, this reflects about 10 hours of videotape 

independently coded by an experienced coder. After initial training to an agreement criterion of 

kappa > .60 on the training tapes, coders were unaware of which samples were being coded for 

reliability, and reliability coding occurred throughout the data coding process so that coder 

inaccuracies or coder drift could be detected and ongoing training could take place during the 

study. Using the Observer
©

 software, a 2-second tolerance window was permitted (i.e., if the two 

observers coded the same state within 2 seconds of each other, it was counted as an agreement).  

RSB. For RSB, the confusion matrix included agreement not only on the type and onset 

of RSB, but also the offset of each behavior. The pooled kappa for all RSB represented in the 

reliability segments was .70, indicating good agreement overall controlling for chance. Separate 

kappa’s for each group were also calculated to determine if reliability varied with the diagnostic 

category of the children. The pooled kappa value was .74 for the ASD group (10 samples), .64 

for the DD group (8 samples), and .68 for the TD group (12 samples). This indicates that 

reliability was relatively higher for the ASD group than the DD group with the TD group falling 

in between. The confusion matrices on which the kappas were based were used to note which 

disagreements were most frequent. For the combined groups, lowest agreement was obtained on 

the behavior of licking which occurred very rarely in the DD and TD group. There was no 

consistent pattern of more versus less conservative coding between the primary and expert 

reliability coder.  

Eye gaze. For eye gaze, a pooled kappa of .70 was obtained, indicating good agreement 

overall. The pooled kappa values for each group were as follows: .70 for the ASD group (14 

samples); .67 for the DD group (7 samples), and .72 for the TD group (9 samples). The most 

frequent disagreement was for eye gaze to a person’s body, which was coded the fewest times 

overall. 

Symbolic and social composites. Inter-rater reliability for the items making up the social, 

speech, and symbolic composites was also assessed as the Behavior Sample requires that raters 

make judgments about the occurrence or non-occurrence of behaviors during ongoing  

interaction. Agreement was calculated using generalizability (g) or intraclass correlation 

coefficients by comparing the scores for pairs of four independent raters using randomly selected 

videotapes of the behavior sample for at least 20% of the samples scored by each rater. The g 
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coefficient is a measure of the source and magnitude of variance accounted for by the subjects 

and the raters and has been used in previous research using the CSBS DP (Wetherby et al., 

2002). Rater One scored the majority of the samples used in this study, and therefore, was 

considered the expert for comparison with three other raters. A g coefficient approaches 1 as the 

variance accounted for by the subjects is large in comparison with the variance accounted for by 

raters (Bakeman & Gottman, 1997).  G coefficients of .6 or greater are considered acceptable for 

demonstrating inter-rater reliability (Mitchell, 1979). The g coefficients in Table 3 indicate that 

the CSBS DP raters exhibited high inter-rater reliability for the measures used in this study.  

 

Table 3 

Generalizability (g) Coefficients for the CSBS DP Composite Scores 

Composite scores  Rater Two Rater Three Rater Four 

Social Composite .96 .97 .90 

Speech Composite .97 .95 .94 

Symbolic Composite .98 .98 .95 

 

Fourth Year Measures 

Symptoms in the fourth year of life for the ASD and DD groups were measured using the 

children’s scores on the ADOS. Thirty-five children were assessed on Module 1, with 12 of these 

35 rated as having no words, and the other 23 rated as having some words. Ten of the 12 with no 

words and 18 of the 23 with some words were in the ASD group. Thirty-three children were 

assessed on Module 2, 18 of these in the ASD group, and one on Module 3 who was also in the 

ASD group. For RSB, the following item and total scores were included for children assessed 

with all modules (alternative items for different modules are indicated in parentheses):  

1. intonation of vocalizations or verbalizations (Item A3 for Module 1, no words) or 

stereotyped / idiosyncratic use of words or phrases (Item A5 for all other modules),  

2. unusual sensory interest in play material / person (D1),  

3. hand and finger and other complex mannerisms (D2),  

4. unusually repetitive interests or stereotyped behaviors (D4) or highly specific topics 

(D4 for Module 3), and  

5. Restricted Repetitive Behaviors (RRB) total score.  

For social symptoms, the Social Affect (SA) algorithm score was used, which consists of 

the following items:  
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1. unusual eye contact (B1),  

2. gaze and other behaviors (B4 for Module 1, no words) or amount of social 

communication (B10 for all other Modules) ,  

3. facial expressions (B3 for Module 1, B2 for Modules 2 and 3),  

4. frequency of vocalization (A2 for Module 1) or quality of rapport (B11 for Modules 2 

and 3),  

5. shared enjoyment (B5 for Module 1, B3 for Modules 2 and 3),  

6. social overtures (B12 for Module 1 and B8 for Modules 2 and 3), 

7.  response to joint attention (B11 for Module 1, no words) or pointing (A7 Module 1, 

some words and Module 2) or conversation (A7 for Module 3), 

8. gestures (A8),  

9. showing (B9 for Module 1, B5 for Module 2) or quality of social response (B5 for 

Module 3), and  

10.  initiation of joint attention (B10 for Module 1, B6 for Module 2) or reporting of 

events (B6 in Module 3).  

The overall severity of symptoms was assessed on the total SA + RRB algorithm score, 

which consists of the sum of the SA and RRB scores. For all individual items scores of 8 were 

changed to 0, but scores of 3 were maintained to allow for a wider range in individual scores. 

The total RRB and SA and SA+RRB algorithm scores were calculated according to the revised 

standard scoring procedures (Gotham, Risi, & Lord, 2005, May).  
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RESULTS 

Preliminary Data Analysis 

RSB. Two measures of RSB were derived for analysis in this study: proportion of RSB, 

the percentage of the total sample during which the child engaged in a particular behavior, and 

rate of RSB, the number of times the behavior was observed per minute (Gardenier, MacDonald, 

& Green, 2004). These measures were derived from the duration and frequency data in order to 

control for varying lengths in the Behavior Samples across children. The mean Behavior Sample 

length was 21 minutes and 17.6 seconds (SD = 5:06.8). Preliminary analyses of the derived 

proportions and rates for individual behaviors indicated that nearly all had one or more univariate 

outliers, with the exception of proportion of banging with objects in the TD group. For a majority 

of the behaviors, all the outliers were the only children demonstrating that behavior, particularly 

in the TD group. As a result, distributions of most individual RSB were also positively skewed 

and leptokurtic. All outliers were examined for accuracy and were found to be accurate measures 

of behaviors exhibited by the children reflective of great heterogeneity in RSB within diagnostic 

groups and were therefore considered legitimate and not removed or changed.  

Eye gaze, CSBS DP composites, and ADOS scores in the fourth year. The distributional 

characteristics of the social and symbolic composites and eye gaze variables in the second year 

and ADOS scores in the fourth year were examined. No violations of assumptions required for 

parametric statistics were observed in these distributions with the exception of eye gaze to 

another’s body and another’s hand. These targets were coded least frequently, which could 

explain their abnormal distributions. 

Description of RSB and Group Differences 

Tables 4 and 5 summarize the mean proportion and rate of each individual RSB in each 

group as well as summary totals for RSB with objects, RSB with body, and total RSB. An 

important observation is that all children showed some RSB as defined by the coding definitions 

used in this study, including all the children with TD. Of the 28 individual behaviors included in 

the coding definitions, no children demonstrated finger flicking in the RSB with body category, 

or smelling / sniffing in the RSB with objects category, leaving a total of 26 different observed 

behaviors. The ASD group exhibited all of these except head banging. In contrast, no children in 

the TD group exhibited lining up objects, unusual rubbing, fixating gaze, biting objects, head 

banging or face slapping. Similarly, none of the children in the DD group exhibited lining up 
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Table 4 

Mean Proportions of Individual RSB across Groups

RSB Item

Mean SD Mean SD Mean SD ASDvTD ASDvDD

RSB with objects 

Bang .022 .022 .016 .019 .014 .014  0.50  0.29

Rotate/spin .008 .019 .003 .009 .001 .003  0.64  0.36

Shake .005 .008 .004 .004 .002 .003  0.73  0.17

Push .005 .014 .002 .005 .001 .005  0.42  0.32

Open/Close .003 .011 .003 .007 .005 .013 -0.17  0.00

Squeeze .001 .003 .001 .003 .000 .001  0.50  0.00

Rub/pull/stretch .004 .009 .002 .004 .004 .008  0.00  0.31

Stack .002 .005 .005 .010 .002 .004  0.00 -0.40

Lineup .001 .004 - - - - - -

Drop to side .001 .004 .003 .006 .000 .000  0.50 -0.40

Collect .001 .002 .000 .000 .000 .002  0.50  1.00

Lick .000 .000 .000 .001 .000 .000 0.00  0.00

Bite .000 .002 - - - - - - 

Smell/sniff - - - - - - - -

Unusual rub .000 .001 .000 .001 - - -  0.00

Fixate gaze .000 .001 - - - - - -

Subtotal .054 .037 .039 .025 .029 .022 0.85  0.48

RSB with body 

Bang .003 .006 .001 .002 .001 .002  0.50  0.50

Rock .000 .001 .000 .000 .000 .002  0.00  0.00

Flap .004 .013 .004 .009 .002 .004  0.24  0.00

Flick fingers - - - - - - -

Bounce .001 .007 .000 .001 .000 .002  0.22  0.25

Wiggle .000 .001 - - .000 .002  0.00  - 

Rub .001 .003 .002 .005 .000 .001  0.50 -0.25

Rub 2 parts .002 .006 .001 .003 .000 .001  0.57  0.22

Stiffen .002 .004 .001 .001 .000 .000  1.00  0.40

Cover eyes/ears .000 .003 - - .000 .000  0.00 -

Subtotal .015 .020 .009 .013 .005 .007 0.74  0.36

Proto-self-injurious behavior

Head bang - - .000 .000 - - - -

Face slap .000 .000 - - - - - -

RSB Total
b

.069 .045 .048 .030 .034 .025 1.00  0.56

Effect size (d )
a
 of

ASD (n =50) DD (n =23) TD (n =50) group differences

Note. Dashes indicate behavior not observed in any children in that group. 
a
 Effect sized based on Cohen’s d .20 is small; .50 is medium; and .80 is large; 

b
 Proto-self 

injurious behaviors are excluded from RSB total. 
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Table 5 

Mean Rate of Individual RSB across Groups

RSB Item

Mean SD Mean SD Mean SD ASDvTD ASDvDD

RSB with objects 

Bang .390 .383 .294 .270 .308 .276  0.25  0.29

Rotate/spin .059 .123 .020 .059 .009 .025 0.68  0.43

Shake .104 .149 .107 .124 .052 .068  0.48 -0.02

Push .098 .230 .029 .059 .011 .034  0.66  0.48

Open/Close .012 .036 .012 .028 .020 .058 -0.17  0.00

Squeeze .017 .047 .014 .038 .005 .024  0.34  0.07

Rub/pull/stretch .037 .059 .032 .055 .037 .060  0.00  0.09

Stack .022 .046 .041 .076 .025 .039 -0.07 -0.31

Lineup .006 .038 - - - - - -

Drop to side .057 .140 .064 .136 .003 .021  0.67 -0.05

Collect .009 .029 .002 .009 .003 .012  0.29  0.37

Lick .001 .006 .014 .033 .002 .009 -0.13 -0.67

Bite .003 .024 - - - - - -

Smell/sniff - - - - - - - -

Unusual rub .006 .027 .002 .011 - - -  0.21

Fixate gaze .005 .024 - - - - - -

Subtotal .823 .524 .631 .374 .476 .318 0.82 0.43

RSB with body 

Bang .094 .184 .047 .077 .021 .055  0.61  0.36

Rock .002 .009 .002 .011 .008 .042 -0.24  0.00

Flap .073 .165 .094 .170 .061 .128  0.08 -0.13

Flick fingers - - - - - - - -

Bounce .038 .193 .007 .017 .010 .042  0.24  0.30

Wiggle .004 .016 - - .003 .018 - -

Rub .013 .034 .027 .049 .006 .016  0.28 -0.34

Rub 2 parts .023 .063 .006 .022 .002 .008  0.59  0.40

Stiffen .049 .134 .019 .047 .003 .011  0.63  0.33

Cover eyes/ears .007 .028 - - .002 .009  0.27 -

Subtotal .302 .470 .202 .228 .114 .168 0.59 0.29

Proto-self-injurious behavior

Head bang - - .002 .010 - - - -

Face slap .001 .007 - - - - - -

RSB Total
b

1.125 .751 .833 .518 .590 .394 0.93 0.46

Effect size (d)
a
 of

ASD (n =50) DD (n =23) TD (n =50) group differences

 
Note. Dashes indicate that behavior not observed in any children in that group. 
a
 Effect sized based on Cohen’s d .20 is small; .50 is medium; and .80 is large; 

b
 Head bang and 

face slap are excluded from RSB total. 
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 objects, fixating gaze, biting objects, wiggling movements with body, face slapping, or covering 

eyes or ears.  

The total proportion and rate of RSB with objects, RSB with body, and total RSB are also 

provided in Tables 4 and 5. The proto-self-injurious behaviors of face slapping and head banging 

were excluded from total RSB as they were observed very rarely and because the mechanisms by 

which RSB and self-injurious behaviors in children with ASD may be related at this age are as 

yet unknown. The distributional characteristics of proportion and rate of RSB with objects, RSB 

with body and total RSB, which formed the primary measures of RSB for subsequent analyses, 

were examined using boxplots and these are provided in Figures 1 through 6. In each figure, the 

boxplots for all three groups on one summary score are depicted. The shaded box length 

represents the interquartile range (IQR), or middle 50% of cases, and the whiskers at the top and 

bottom of the box indicate all values that lie within 1.5 times the length of the IQR from the edge 

of the shaded box. The dark line in the shaded box indicates the median. Outliers represented by 

“o”s lie between 1.5 and 3 IQRs from the shaded box, and asterisks indicate outliers > 3 IQRs 

from the shaded box. 
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Figure 1. Distribution of Proportion of RSB with Objects by Group. 

 38



TDDDASD

Group

3.00

2.50

2.00

1.50

1.00

0.50

0.00

R
at

e 
of

 R
S

B
 w

it
h

 o
b

je
ct

s

108

12

 

Figure 2. Distribution of Rate of RSB with Objects by Group. 
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Figure 3. Distribution of Proportion of RSB with Body by Group. 
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Figure 4. Distribution of Rate of RSB with Body by Group. 

TDDDASD

Group

0.20

0.15

0.10

0.05

0.00

P
ro

p
o
rt

io
n

 o
f 

to
ta

l 
R

S
B

123

89

4

 

31 

Figure 5. Distribution of Proportion of Total RSB by Group. 
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Figure 6. Distribution of Rate of Total RSB by Group. 

The plots indicate that proportion and rate of RSB with body had the most outliers and 

the position of the median, IQR and whiskers suggest that these were the least normally 

distributed variables. Overall the children engaged in less RSB with body than RSB with objects, 

which may be related to the object-focused nature of the CSBS DP Behavior Sample. For the 

other variables, although there were some outliers in the ASD and TD groups, the position of the 

median in the shaded box and lengths of the whiskers indicate approximately normal 

distributions for these variables.  

Group differences on RSB. A priori one-tailed contrasts were calculated between the 

ASD and TD and ASD and DD groups to determine group differences on RSB with objects, 

body, and total RSB as reflected in Tables 4 and 5. Levene’s test of homogeneity of variance was 

significant for all RSB totals therefore contrasts were calculated without assuming equal 

variance. Children with ASD demonstrated significantly higher proportion and rate of RSB with 

objects (p < .000 for both), RSB with body (p <.001 and .005 respectively), and total RSB than 

children in the TD group (p < .000 for both). The effect sizes, indicated by Cohen’s d in Tables 4 

and 5 (Cohen, 1988) for RSB with objects and total RSB were large, while those for RSB with 

body were medium. In comparison to the DD group, the children in the ASD group showed a 
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significantly greater proportion and rate of RSB with objects (p<.024 and .040 respectively) and 

total RSB (p <.012 and .030 respectively) and these effect sizes were small to medium. Small 

nonsignificant differences were observed between the ASD and DD groups on proportion and 

rate of RSB with body (p < .076 and .113 respectively).  

Inventory of different behaviors exhibited. Figures 7 and 8 depict the number of different 

RSB with objects and RSB with body respectively exhibited by children across groups. The 

patterns in Figure 7 indicate that the majority of the TD group (74%) demonstrated 4 or fewer 

different topographies of RSB with objects. Significantly more children with TD demonstrated 

only 1 RSB with objects than children with ASD as indicated by comparisons of column 

proportions. In contrast, the majority of children in the ASD group (82%) demonstrated 3 or 

more different types of RSB with objects. One child with ASD demonstrated 8 different RSB 

with objects and one child demonstrated 9 different topographies. The number of different RSB 

with objects demonstrated by the DD group was fairly stable from 1 to 6 behaviors.  
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In Figure 8, it is evident that most children in the TD group (70%) demonstrated 0 or 1 

RSB with body with the percentage systematically decreasing to a maximum of 3 RSB with 

body. Comparisons of column proportions indicated that significantly more children with TD 

demonstrated no RSB with body than children with ASD. The percentage of children in the ASD 

group showing 0 to 2 RSB with body increased and only children with ASD demonstrated 5 

different RSB with body. Again, the percentage of children with DD demonstrating 0 to 3 RSB 

with body was relatively consistent. 
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Number of children exhibiting individual RSB. Table 6 indicates the number and 

percentage of children demonstrating at least one instance of each individual RSB. The total 

percentages reveal that all children demonstrated some type of RSB with objects, while not all 

children demonstrated RSB with body. Comparison of column proportions indicated that 

significantly more children with ASD demonstrated RSB with body than children with TD. The 

percentage of children in any group demonstrating individual behaviors ranged from zero to  
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Table 6   

Number and Percentage of Children in Each Group Demonstrating Individual RSB

RSB Item

n % n % n % n %

RSB with objects

Bang 46 92 19 83 43 86 108 88

Rotate/spin 17 34 4 17 7 14 28 23

Shake 30 60 15 65 26 52 71 58

Push 21 42 7 30 5 10 33 27

Open/Close 6 12 4 17 8 16 18 15

Squeeze 8 16 3 13 3 6 14 11

Rub/pull/stretch 18 36 8 35 19 38 45 37

Stack 14 28 8 35 19 38 41 33

Lineup 2 4 0 0 0 0 2 2

Drop to side 10 20 6 26 1 2 17 14

Collect 7 14 1 4 4 8 12 10

Lick 1 2 4 17 2 4 7 6

Bite 1 2 0 0 0 0 1 1

Smell/sniff 0 0 0 0 0 0 0 0

Rub 3 6 1 4 0 0 4 3

Fixate gaze 2 4 0 0 0 0 2 2

Subtotal 50 100 23 100 50 100 123 100

RSB with body

Bang 27 54 11 48 11 22 49 40

Rock 2 4 1 4 3 6 6 5

Flap 21 42 9 39 18 36 48 39

Flick fingers 0 0 0 0 0 0 0 0

Bounce 7 14 3 13 4 8 14 11

Wiggle 3 6 0 0 1 2 4 3

Rub 8 16 8 35 6 12 22 18

Rub 2 parts 11 22 2 9 2 4 15 12

Stiffen 12 24 5 22 3 6 20 16

Cover eyes/ears 5 10 0 0 2 4 7 6

Subtotal 44 88 18 78 30 60 92 75

Proto-self-injurious behavior

Bang head 0 0 1 4 0 0 1 1

Slap face 1 2 0 0 0 0 1 1

Subtotal 1 2 1 4 0 0 2 2

ASD (n =50) DD (n =23) TD (n =50) Total (n =123)

 
 

94%, with only three behaviors being demonstrated by 50% or more of any one group, namely 

banging with objects, shaking objects, and banging with body. Comparison of column 
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proportions indicated that significantly more children with ASD demonstrated rotating, pushing, 

and dropping objects, banging with body, rubbing two body parts, and stiffening than children 

with TD. No significantly different proportions were noted between the ASD and DD groups. 

Behaviors contributing to group membership. The final descriptive analyses of the RSB 

observed was a series of descriptive discriminant analyses (DDA) which were run in order to 

determine the linear combination of behaviors within the RSB with objects and RSB with body 

categories that provided the maximum separation of the groups (i.e., that best discriminated 

between the groups). In each case, two linear discriminant functions were derived for each set of 

proportion and rate behaviors (Huberty, 1994). The results of these analyses are provided in 

Table 7. For all analyses, function 1 was significant indicating that the behaviors loading highly 

on this function contributed most to group membership. Function 2 explained a significant 

proportion of the variance in proportion of RSB with objects only. 

Table 7 

Results of Descriptive Discriminant Analysis (DDA) 

RSB items Function Wilk's lambda χ2
df p-value % of variance 

RSB with objects       

Proportion 1 .631 51.949 30 .008 50.3 

 2 .795 25.855 14 .027 49.7 

Rate 1 .665 46.051 30 .031 66.3 

 2 .867 16.158 14 .304 33.7 

RSB with body       

Proportion 1 .776 29.490 18 .043 82.8 

 2 .954 5.438 8 .710 17.2 

Rate 1 .754 32.726 18 .018 77.2 

  2 .934 7.896 8 .444 22.8 

 

In order to determine how the functions were contributing to group separation, the 

combined groups plots were examined and these are illustrated in Figures 9 through 12 for the 

proportion and rate of RSB with objects and RSB with body respectively. The figures illuminate 

the relationship between the functions and the three groups by plotting the summary correlations 

for each child with each function, according to their group membership. The group centroids are 

the mean of the correlations between each behavior and function for each group and these are 

also plotted on the graphs. The patterns in all four figures are similar in that function 1 

consistently distinguishes the ASD group most from both the DD and TD groups. This suggests  
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Figure 9. Combined Groups Plot of Mean Correlations for each Child between Proportion of 

RSB with Objects and the Linear Discriminant Functions. 
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 Figure 10. Combined Groups Plot of Mean Correlations for each Child between Rate of RSB 

with Objects and the Linear Discriminant Functions. 
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Figure 11. Combined Groups Plot of Mean Correlations for each Child between Proportion of 

RSB with Body and the Linear Discriminant Functions. 
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Figure 12. Combined Groups Plot of Mean Correlations for each Child between Rate of RSB 

with Body and the Linear Discriminant Functions. 
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that the linear combination of behaviors that load on or correlate most strongly with function 1 

appear to capture a specific “ASD” factor or dimension. In Figure 9, the vertical distance 

accounted for by function 2 appears to separate both the ASD and TD groups from the DD 

group. A similar trend was noted in Figures 10 through 12 but the absolute distances were 

smaller. 

Tables 8 and 9 list the behaviors entered into the DDA, their correlations with the 

resulting two linear discriminant functions, and the standardized canonical discriminant function 

coefficients or weightings for each behavior on the two linear discriminant functions for 

proportion and rate of RSB with objects and RSB with body respectively. The correlations, along 

with the figures are important for understanding the substantive nature of the discriminant 

functions (Stevens, 2002; Huberty, 1994). Three aspects of the correlations are useful to note: 1) 

which behaviors correlated more strongly with function 1 than function 2; 2) the absolute value 

of the correlations; and, 3) the sign of the correlations. 

With regard to RSB with objects, both proportion and rate of rotating objects, which 

included spinning, wobbling, rocking back and forth, or rolling, had the highest correlation with 

the “ASD” function 1. The proportion of shaking, banging, pushing, and squeezing objects also 

had relatively higher correlations with the ASD function. The contributions of these behaviors 

are confirmed by the relatively higher weightings on function 1 reflected in the standardized 

canonical coefficients. The standardized canonical function coefficients are the weightings 

assigned to each behavior that indicate the relative contribution of each behavior to the function, 

similar to beta weights in multiple regression analysis. These are partial coefficients in that the 

effects of the other variables are removed. As with the correlations, the absolute size and sign of 

the coefficients are presumed to reveal the magnitude and direction of the contribution of each 

behavior to the function. 

With regard to RSB with body, both the correlations and the standardized coefficients in 

Table 9 indicate that higher proportions and rates of stiffening the arms or hands, banging the 

arms or hands on the surface of the table, and rubbing two body parts together contributed most 

to the separation of the ASD group from the DD and TD groups on function 1. Covering the eyes 

and/ or ears and bouncing in the sassy seat also contributed to function 1, while rubbing the table 

surface and flapping the arms did not. 
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Table 8 

Descriptive Discriminant Analysis Results for Proportion and Rate of RSB with Objects 

RSB Item   Correlations  Standardized coefficients 

  Function 1 Function 2  Function 1 Function 2 

  Proportion of RSB with objects 

Rotate/spin    .509* -.046    .482 -.218 

Shake    .444*   .078    .287   .108 

Bang    .410* -.048    .460   .014 

Push    .394* -.071    .357   .038 

Squeeze    .375*   .091    .465   .074 

Unusual rub    .301*   .016  -.181 -.060 

Fixate gaze    .283* -.099    .100 -.134 

Lineup    .255* -.089    .205 -.117 

Bite    .204* -.071    .181   .091 

Open / close  -.084* -.078    .070 -.097 

Lick  -.010   .608*    .039   .612 

Drop to side    .271   .490*    .197   .609 

Stack  -.086   .375*  -.144   .533 

Rub/pull/stretch    .017 -.233*  -.001 -.166 

Collect     .155 -.197*    .063 -.228 

  Rate of RSB with objects 

Rotate/spin    .506* -.066    .451   .101 

Push    .492* -.074    .380 -.167 

Shake    .342*   .323    .269   .366 

Fixate gaze    .275* -.105    .174 -.064 

Unusual rub    .253*   .022    .096 -.046 

Collect    .249* -.163  -.062 -.322 

Squeeze    .247*   .135    .383   .110 

Bang    .225* -.127    .291 -.087 

Line up    .223* -.085    .176 -.117 

Bite    .193* -.074    .139 -.006 

Open / close  -.134* -.124    .001 -.131 

Lick  -.134   .779*  -.211   .662 

Drop    .370   .407*    .459   .354 

Stack  -.086   .325*  -.130   .293 

Rub/pull/stretch   -.005 -.087*  -.082 -.118 

* indicates largest absolute correlation between each RSB and any function 
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Table 9 

Descriptive Discriminant Analysis Results for Proportion and Rate of RSB with Body 

RSB Item   Correlations  Standardized coefficients 

  Function 1 Function 2  Function 1 Function 2 

  Proportion of RSB with body 

Stiffen    .614*   .070   .548 -.134 

Bang surface    .611*   .148   .512   .055 

Rub two parts    .418*   .061   .452 -.163 

Cover eyes/ears    .226* -.121   .324 -.106 

Bounce    .215* -.049   .273 -.041 

Rub surface    .091   .794* -.082   .834 

Wiggle    .110 -.317*   .200 -.339 

Rock  -.129 -.316* -.125 -.358 

Flap     .169   .298*  -.002   .381 

  Rate of RSB with body 

Bang    .523*   .239   .478   .047 

Rub two parts    .492*   .115   .590 -.041 

Stiffen    .477*   .216   .544 -.010 

Cover eyes/ears    .297* -.159   .402 -.115 

Bounce    .232* -.060   .251 -.049 

Rub surface    .029   .885* -.082   .862 

Flap   .022   .296* -.476   .263 

Rock  -.166 -.264* -.109 -.274 

Wiggle     .117 -.236*    .149 -.259 

 * indicates largest absolute correlation between each RSB and any function 

 

Classification. A secondary purpose of the discriminant analysis was to examine the 

percentage of children correctly classified by RSB. For the proportion of RSB with objects, 74 

children (60%) were classified correctly. The correct classification rate for the ASD group was 

only 48% as many were classified incorrectly into the TD group (40%). Similarly, using rate of 

RSB with objects, 75 children (61%) were classified correctly, including 52% with ASD. 

Proportion and rate of RSB with body were somewhat less accurate as classification variables. 

Both proportion and rate of RSB correctly classified 70 (57%) children, including 40% of the 

ASD group for proportion of RSB with body and 44% of the ASD group for rate of RSB with 

body.  
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Concurrent Relationships among RSB, Developmental Level, and Social Skills in Second Year 

Within each diagnostic group, the relationships among proportion and rate of RSB, 

concurrent developmental functioning and social skills as measured by the symbolic and social 

composites from the CSBS DP were examined. These correlations are presented in Table 10. 

Intercorrelations among RSB measures. Within the group with ASD, neither rate nor 

proportion of RSB with objects and RSB with body were significantly correlated. However, in 

the DD group rate of RSB with objects was significantly correlated with proportion and rate of 

RSB with body, while in the TD group proportion and rate of RSB with objects was significantly 

correlated with proportion of RSB with body only.  

Symbolic and Social composites. In the second year, there were no significant 

relationships between RSB and the symbolic or social composites in either the DD or TD groups. 

In addition, small to moderate nonsignificant correlations were observed between the social and 

symbolic composites in the DD and TD groups. In the ASD group there were small to moderate 

significant negative correlations between the symbolic composite and two measures of RSB: rate 

of RSB with body and total rate of RSB. These results suggest that lower functioning children in 

the ASD group exhibited more RSB with body than higher functioning children. All subsequent 

correlations with rate of RSB with body and total rate of RSB in the ASD group therefore 

controlled for developmental level on the symbolic composite. Only one significant correlation 

of medium size was observed concurrently between RSB and the social composite, and this was 

between total rate of RSB and the social composite in the ASD group. In light of the significant 

correlation between rate of total RSB and the symbolic composite, and the large correlation 

between the social and symbolic composite in the ASD group, the relationship between total rate 

of RSB and the social composite was recomputed controlling for performance on the symbolic 

composite. This partial correlation was no longer significant (partial r = -.14; p < .352) indicating 

that the relationship between RSB and social skills appeared to be mediated by developmental 

level in the ASD group. 

Eye gaze to face. The concurrent relationship at 18 to 24 months between RSB and eye 

gaze to face was examined in three ways: 1) correlations between the proportion and rate of RSB 

and eye gaze to face across the whole Behavior Sample, which were expected to be negative, 

particularly in the ASD group; 2) group differences in the rate and proportion of eye gaze 

directed to the face during RSB episodes, where the ASD group was expected to have lower  



Table 10

Concurrent Correlations among Second Year Measures 

Proportion Rate Proportion Rate Proportion Rate Social Symbolic

RSB with objects Proportion

Rate .75***

RSB with body Proportion .14       .21       

Rate .02       .14       .79***

Total RSB Proportion .90*** .72*** .57*** .37**  

Rate .54*** .79*** .64*** .72*** .74***

CSBS DP Social -.12       -.21       -.28       -.26       -.23       -.31*

Symbolic -.11       -.19       -.23       -.29*     -.19       -.31* .73***

RSB with objects Proportion

Rate .75***

RSB with body Proportion .32       .43*     

Rate .36       .52*     .98***

Total RSB Proportion .88*** .74*** .58**  .60**  

Rate .72*** .94*** .69*** .76*** .81***

CSBS DP Social -.14       -.22       .08       .13       -.16       -.16  

Symbolic -.22       -.16       .02       -.02       -.07       -.14  .38

RSB with objects Proportion

Rate .75***

RSB with body Proportion .31*     .28*     

Rate .20       .24       .91***

Total RSB Proportion .97*** .73*** .54*** .42**  

Rate .69*** .91*** .61*** .62*** .61***

CSBS DP Social .01       -.02       .13       .13       .04       .04  

Symbolic -.10       -.21       -.21       -.22       -.14       -.26  .24
a 
Correlations in DD group were Spearman's rho

* p  < .05; ** p  < .01; *** p  < .001

ASD group

DD group
a

TD group

RSB with objects RSB with body Total RSB CSBS DP
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proportions and rates of gaze to face; and 3) the probability of looking to the face during RSB 

compared to the probability of looking to the face during the entirety of the sample. The means 

and standard deviations of proportion and rate of eye gaze directed to all potential targets 

including another’s face throughout the entire behavior sample are presented in Table 11 for each 

group. The group differences indicate that children with ASD looked for significantly shorter 

periods and fewer times to another’s face during the total behavior sample than children in both 

the DD and TD groups. In addition, children with ASD had significantly higher proportion and 

rate of gaze to “other” non-specific targets than the children with TD, as well as a higher rate of 

looking to another’s hand, and lower rate of looking at objects. 

 

Table 11 

Mean Proportion and Rate of Eye Gaze to Different Targets           

Target ASD (n=50)   DD (n=23)  TD (n=50)  Group differences 

          ASDvTD ASDvDD 

  Mean SD   Mean SD  Mean SD  p d 
a

p d 
a

Face              

Proportion .063 .041  .095 .045  .103 .050  .000 -.88 .006 -.47 

Rate 2.880 1.827  4.332 1.967  4.434 1.736  .000 -.87 .002 -.47 

Body              

Proportion .003 .004  .004 .005  .002 .003  .325 .29 .386 -.25 

Rate .142 .166  .136 .166  .132 .156  .725 .06 .873 .04 

Hand              

Proportion .020 .013  .020 .011  .016 .008  .037 .38 .735 .00 

Rate 1.065 .579  .978 .428  .911 .421  .121 .31 .485 .11 

Object              

Proportion .520 .070  .492 .062  .523 .056  .822 -.05 .083 .10 

Rate 5.300 1.139  5.770 1.144  5.938 .859  .003 -.64 .074 -.14 

Hand with object             

Proportion .231 .059  .228 .039  .232 .042  .964 -.02 .776 .02 

Rate 4.187 .942  4.163 .900  4.262 .608  .643 -.10 .909 .01 

Other              

Proportion .162 .059  .162 .053  .124 .042  .000 .75 .986 .00 

Rate 3.627 .913   3.839 .773  3.240 .869  .028 .43 .337 -.09 
a
 Effect sized based on Cohen’s d .20 is small; .50 is medium; and .80 is large;. 

 

To determine the relationship between eye gaze to face specifically and RSB, correlations 

between RSB and proportion and rate of eye gaze to face across the whole Behavior Sample 
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were calculated and are presented in Table 12. In the ASD group all correlations were trivial in 

size, suggesting no relationship between overall proportion or rate of RSB and eye gaze to face 

within this group. Only one significant correlation was observed, which was a negative 

correlation between rate of gaze to face and RSB with objects in children in the TD group. This 

indicates that the more RSB with objects typical children showed, the less they looked at 

another’s face overall. Therefore the hypothesis that overall proportion and rate of RSB would be 

negatively related to eye gaze to face, particularly in the ASD group, was not confirmed. 

 

Table 12 

Correlations Between RSB Totals and Eye Gaze to the Face 

RSB Totals ASD (n =50) DD
a
 (n =23) TD (n =50)

RSB with objects Proportion -.03 -.41 -.14

Rate -.09 -.16 -.22

RSB with body Proportion -.08 -.05 -.15

Rate  .02
b

 .02 -.09

Total RSB Proportion -.06 -.33 -.16

Rate -.05
b

-.17 -.21

RSB with objects Proportion -.01 -.24 -.22

Rate  .02 -.02 -.31*

RSB with body Proportion -.05 -.05 -.10

Rate  .04
b

 .01 -.03

Total RSB Proportion -.03 -.22 -.22

Rate -.04
b

-.07 -.26

Proportion of eye gaze to face

Rate of eye gaze to face

 

a
 All correlations in the DD group were Spearman’s rho; 

b
 These correlations controlled for 

developmental level on the symbolic composite. 

 

In the second analysis, the mean proportions of eye gaze to face during actual episodes of 

RSB were compared across groups. The results are depicted graphically in Figure 13. Children 

with ASD looked significantly less to other’s faces than children with TD during episodes of 

RSB with objects, and during total RSB. There were no significant differences between the 

children with ASD and DD in eye gaze directed to faces during RSB episodes. The significant 

difference between the ASD and TD group may be related to the smaller proportion of gaze to 

the face overall exhibited by the children with ASD throughout the Behavior Sample. Mean rates 
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of eye gaze to face were not compared as these were inflated in children with many episodes of 

RSB. 
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Figure 13. Proportion of RSB Episodes Spent Looking at Another’s Face across Groups.  

 

The final analysis examined the probability of looking towards the face when engaging in 

RSB compared to looking towards the face across the whole sample within each group. Visual 

inspection of the proportions of time spent looking at the face during the total behavior sample 

(ASD = .06, DD = .10, TD = .10) and during RSB episodes (ASD = .06, DD = .07, and TD = 

.10) indicated in Tables 11 and 12 respectively suggest there was likely to be very little 

difference in these probabilities. Two-by-two contingency tables for each group were constructed 

dichotomizing eye gaze into the categories of to the face and not to the face, and the sample into 

the categories of RSB and no RSB, and proportions were compared using X
2
. As expected, the X

2
 

values for each group approached zero: ASD = 0.63, DD = 0.51, and TD = 0.63 and were not 

significant. In order to get a sense of the size and direction of this relationship, Yule’s Q was also 

calculated from the 2x2 contingency tables using the formula (Bakeman & Gottman, 1997): 

 

bcad

bcad
sQYule

−
='

+
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 Small, negative values of -.11 for the ASD group, -.17 for the DD group, and -.12 for the 

TD group confirm the lack of significance between eye gaze to face and RSB in all groups.  

Predictive Relationships among RSB and CSBS DP Scores in the Second Year and 

Developmental Outcomes and ADOS Scores in the Fourth Year 

Developmental outcome. In addition to determining the concurrent relationships among 

RSB, developmental level, and social skills, the predictive relationships among these variables 

were also examined. The correlations between early RSB, developmental level, and social skills 

and later developmental outcomes at three years of age are provided in Table 13.  

 

Table 13 

Predictive Correlations among Second Year Measures and Developmental Outcome

2nd year measures NVDQ
a

VDQ
b

ABC
c

NVDQ
a

VDQ
b

ABC
c

NVDQ
a

VDQ
b

RSB with objects

Proportion -.18 -.18 -.14 -.30 -.54** -.31 -.07 -.17

Rate -.28 -.29* -.10 -.45* -.65** -.24 -.26 -.37**

RSB with body

Proportion -.29* -.36* -.10 -.03 -.39   .00   .10 -.12

Rate -.24 -.25 -.12 -.10 -.41 -.01   .19 -.11

Total RSB

Proportion -.28* -.31* -.16 -.22 -.47* -.27 -.04 -.18

Rate -.34* -.35* -.07 -.41 -.66** -.24 -.13 -.35*

CSBS DP
d

Social  .56***  .58***  .43**  .62**  .52*  .35  .15  .18

Symbolic  .66***  .71***  .51***  .50*  .38  .36  .19  .36*

Fourth year measures

ASD (n =50) DD
e
 (n =23) TD (n =50)

 
a
 Nonverbal developmental quotient derived from MSEL; 

b
 Verbal developmental quotient 

derived from MSEL; 
c
 Adaptive Behavior Composite from the VABS; 

d
 Communication and 

Symbolic Behavior Scales Developmental Profile; 
e
 All correlations in DD group were 

Spearman’s rho. 

* p < .05; ** p < .01; *** p < .001. 

 

The correlations in Table 13 indicate that there were more predictive relationships 

between early RSB and later developmental level than concurrent relationships between RSB 

and developmental level in the second year. Only rate of RSB with body and total rate of RSB 

were correlated concurrently with developmental in the second year in children with ASD. Table 

13 indicates that in children with ASD, proportion of RSB with objects and total proportion and 

rate of RSB were significantly negatively correlated with nonverbal DQ, and rate of RSB with 
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objects, proportion of RSB with body, and total proportion and rate of RSB were significantly 

correlated with verbal DQ in the fourth year. A similar pattern of predictive relationships was 

observed in the DD and TD groups, with proportion and rate of RSB with objects and total 

proportion and rate of RSB significantly correlated with verbal DQ in the DD group and rate of 

RSB with objects and total rate of RSB significantly correlated to verbal DQ in the TD group. 

Early RSB, particularly higher rates of RSB with objects appeared to be related to lower verbal 

scores in the fourth year in all children in the study. 

In the ASD and DD groups, significant relationships were observed between the social 

composite and nonverbal and verbal DQ. However, when controlling for developmental level on 

the symbolic composite, these relationships were no longer significant. Finally, RSB in the 

second year was not significantly correlated with adaptive behavior outcome as measured on the 

Adaptive Behavior Composite of the VABS in the fourth year in either the ASD or DD groups. 

The strongest predictor of adaptive outcome was developmental level as measured on the 

symbolic composite. 

Finally, in order to obtain a more complete understanding of the relationship between 

RSB and developmental level, the concurrent relationship between RSB as measured on the 

ADOS and developmental level on the MSEL and VABS in the fourth year in the ASD and DD 

groups was also examined. These correlations are presented in Table 14. 

Table 14 

Correlations between RSB on the ADOS and Developmental Level

ADOS score NVDQ
a

VDQ
b

ABC
c

NVDQ VDQ ABC

Stereotyped language -.33* -.24 -.14   .36   .02 -.16

Unusual sensory -.45** -.36* -.28   .10 -.08   .25

Repetitive interests -.19 -.19 -.15   .45*   .10   .08

Hand mannerisms -.39* -.43* -.25   -   -   -

Total RRB
e

-.49** -.42** -.29*   .33 -.04   .11

ASD (n =50) DD
d
 (n =23)

Developmental measures

 
a
 Nonverbal developmental quotient derived from MSEL; 

b
 Verbal developmental quotient 

derived from MSEL; 
c
 Adaptive Behavior Composite from the VABS; 

d
 All correlations in DD 

group were Spearman’s rho; 
e
 Restricted Repetitive Behavior. 

* p < .05; ** p < .01; *** p < .001. 

 

At three years, children in the ASD group with more RSB tended to have lower 

developmental levels on the NVDQ and VDQ. Similar to the predictive patterns observed earlier, 
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unusual sensory behaviors and hand mannerisms, which relate more closely to RSB with body in 

the second year showed larger correlations with developmental outcome than repetitive interests, 

which include repetitive use of objects. Although the total RRB score was significantly 

associated with adaptive outcome on the VABS in the ASD group, this correlation was small and 

not observed among individual items and the VABS. 

Symptom severity on the ADOS. The predictive relationship among early RSB, 

developmental level, and social skills, and later symptoms of ASD as measured on the ADOS in 

the fourth year were examined. The mean ADOS scores and standard deviations of the children 

in the ASD and DD groups are presented in Table 15.  

 

Table 15 

ADOS Scores for ASD and DD Groups        

ADOS Item ASD (n=47)  DD (n=22) 

 Mean SD  Mean SD 

Stereotyped Language (A3/A5)   1.11    .96     .05    .21 

Unusual Sensory Interest (D1)     .64    .76     .09    .29 

Repetitive Interests (D4)     .72    .85     .09    .29 

Hand Mannerisms (D2)     .55    .75     .00    .00 

Total RRB
a

  2.98  2.19     .23    .61 

Social Affect 12.06  4.19   3.05  3.24 

Social Affect + RRB 15.04  5.48   3.27  3.36 
a
 RRB = Restricted Repetitive Behaviors 

 

The correlations between proportion and rate of RSB and the social and symbolic 

composites obtained in the second half of the second year and the individual item and total 

restricted repetitive behavior (RRB) as measured on the ADOS in the fourth year are presented 

in Table 16. In the combined group of ASD and DD children, small to moderate significant 

correlations were observed between proportion and rate of RSB with objects in the second year 

and stereotyped language at three years. Proportion of RSB with objects was also significantly 

correlated with repetitive interests and total RRB on the ADOS. Both rate and proportion of RSB 

with body correlated significantly with unusual sensory behaviors and hand mannerisms on the 

ADOS at three years.  Total proportion and rate of RSB were also correlated with unusual  



Table 16

Predictive Correlations among Second Year Measures and ADOS Scores in the Fourth Year

Stereotyped Unusual Repetitive Hand Social Affect 

2nd year measures language sensory interests mannerisms RRB
a

(SA) SA+RRB

RSB with objects Proportion  .25*  .17  .25*  .11  .26*  .13  .18

Rate  .31*  .13  .09  .15  .22  .12  .16

RSB with body Proportion  .01  .33*  .24  .26*  .27*  .17  .21

Rate 
b

 .01  .34**  .20  .27*  .27*  .08  .14

Total RSB Proportion  .21  .28*  .31**  .21  .34**  .18  .25*

Rate 
b

 .10  .26*  .15  .22  .28*  .09  .16

CSBS DP Social -.36** -.35** -.30* -.34** -.45*** -.49*** -.52***

Symbolic -.28* -.29* -.20 -.34** -.36** -.29* -.34**

RSB with objects Proportion  .16  .08  .20  .03  .17 -.10 -.01

Rate  .27  .05  .02  .09  .15  .02  .07

RSB with body Proportion -.11  .32*  .22  .23  .23  .09  .16

Rate 
b

-.08  .34*  .18  .24  .26  .01  .11

Total RSB Proportion  .09  .21  .27  .13  .25 -.04  .07

Rate 
b

 .11  .21  .10  .16  .21  .02  .07

CSBS DP Social -.21 -.30* -.21 -.25 -.34* -.26 -.34*

Symbolic -.33* -.28 -.22 -.36* -.42** -.28 -.39**
a
 Restricted Repetitive Behaviors; b Correlations control for developmental level on the symbolic composite

* p  < .05; ** p  < .01

ASD and DD groups (n =69)

ASD (n =47)

ADOS in the fourth year 
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sensory behaviors and total RRB. There were no significant correlations between proportion or 

rate of RSB in the second year and social symptoms in the fourth year, and only total proportion 

of RSB correlated with overall symptom severity as indexed by the ADOS SA+RRB score. In 

the combined group of children, the social composite was significantly correlated with all RSB 

items on the ADOS as well as social affect symptoms and overall symptom severity on the 

SA+RRB score. 

In the ASD group alone, the only significant correlations between early and late RSB 

were observed between proportion and rate of RSB with body in the second year and unusual 

sensory behaviors observed on the ADOS, even when controlling for developmental level for the 

rate of RSB with body measure. This suggests some continuity in RSB over time, particularly 

related to RSB with body. Social skills in the second year were correlated with unusual sensory 

behaviors, total RRB and overall severity of symptoms, but not social symptoms alone, although 

this relationship was not trivial. The symbolic composite was significantly correlated with 

stereotyped language, hand mannerisms, total RRB and overall symptom severity. 
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DISCUSSION 

This purpose of this study was to examine RSB in very young children with ASD 

between 18 and 24 months of age in terms of topography, differences in RSB in children with 

ASD compared to age-matched children with TD and age- and developmentally-matched 

children with DD, and the concurrent and predictive relations between RSB and indices of 

developmental and social functioning. Proportion and rate of three categories of RSB were 

examined: RSB with objects, RSB with body, and proto-self injurious behaviors. Due to the 

rarity of proto-self-injurious behaviors, RSB with objects and RSB with body formed the 

primary variables of the study. Methodological strengths of the study included careful matching 

of all groups based on chronological age, as well as developmental level for the ASD and DD 

groups. In addition, systematic sampling procedures which have been shown to be appropriate 

for young children with and without developmental delays were used to avoid confounds 

associated with documenting RSB using home video sampling and parent report. The 

prospective design allowed for blind administration of the sampling procedures in the second 

year of life and to this was added blind coding of the Behavior Sample videotapes for precise 

measures of RSB. The prospective sample in this study is also larger than any cohorts identified 

under two years of age described in the literature to date. 

RSB in the Second Half of the Second Year of Life 

The findings of this study indicated that children with ASD demonstrated significantly 

higher proportion and rate of RSB with objects, RSB with body, and total RSB than children 

with TD matched on chronological age, and higher proportion and rate of RSB with objects and 

total RSB than the DD group matched on chronological age and developmental level. In 

addition, the DDA indicated that unique linear combinations of RSB with objects and RSB with 

body appeared to distinguish children with ASD from children with DD and TD at this young 

age, thus depicting a specific “ASD” domain or quality. RSB with objects that most strongly 

contributed to this ASD domain included higher proportion and rate of rotating, spinning, or 

rolling objects, shaking, pushing objects away, fixating their gaze on objects, or biting objects, 

and relatively lower proportion and rate of stacking or licking than children in the other groups. 

RSB with body that characterized the ASD domain or function included higher proportion and 

rate of stiffening of the hands and arms, rubbing two body parts, and banging their hands on the 

table surface and relatively lower proportion and rate of rocking and hand or arm flapping than 
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children in the other groups. This indicates that there were distinct quantitative and qualitative 

differences in RSB, particularly RSB with objects, in children with ASD between 18 and 24 

months that were not explained by chronological age or developmental level. The positive 

findings of group differences in RSB between 18 and 24 months of age confirm and extend the 

findings of Wetherby et al. (2004) and Werner et al. (2005) by documenting that RSB distinguish 

children with ASD in a larger sample under two years of age using precise measures of RSB. 

The findings contrast with previous studies using the ADI at 20-months of age (Cox et al., 1999) 

and analysis of home videotapes of 24-month-olds (Werner & Dawson, 2005). The contrasting 

findings could therefore be the result of the larger sample size, more precise observational 

measures, and the systematic sampling methods used in this study. These findings have 

important implications for the utility of using measures of RSB as early indicators of ASD along 

with social and communication red flags. 

While this distinguishing pattern of RSB emerged for the ASD group as a whole, the data 

on individual behaviors revealed that RSB were very heterogeneous and idiosyncratic across 

children within the ASD group. Many children with ASD showed very few RSB with the lowest 

proportion of RSB measured being 1% of the behavior sample. In contrast, some individuals 

with ASD demonstrated proportions of RSB of up to 20% of their behavior sample and rates of 

nearly three times a minute. This confirms findings of heterogeneity in previous studies of 

children with ASD in the third year of life (Stone et al., 1999) and extends them down into the 

second year. Identifying patterns in this heterogeneity may be useful in the identification of 

subgroups of children with ASD in larger samples, which in turn could inform research 

regarding genetic subtypes of children with ASD (Cuccaro et al., 2003). 

While the presence of RSB that were characteristic of the ASD group may be an 

important early red flag for ASD, the absence of them in the second half of the second year did 

not necessarily preclude a diagnosis of ASD. The predictive discriminant analysis indicated that 

just about half the children with ASD in this study were indistinguishable from the children with 

DD and TD on the basis of RSB alone. While the low correct classification rate for the ASD 

group is a “costly” misclassification, these results are not unexpected as RSB are only considered 

to be one part of the constellation of impairments that are central to a diagnosis of ASD and 

therefore important for early identification in very young children with ASD. These results 
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confirm that many children with ASD would be missed if early detection were being based on 

RSB alone. 

In addition to group differences, the findings of this study also indicated that all children 

between 18 and 24 months displayed some RSB as defined in this study in the second half of the 

second year. The total mean proportion and rate of RSB for all children indicated that RSB were, 

however, generally low in overall duration and frequency in comparison to the total length of the 

behavior sample. Considering that the length of the samples was a mean of 21 minutes and 18 

seconds (SD=5:06.8), the total mean proportions of .07 (SD=.05), .05 (SD=.03), and .03 

(SD=.03) in the ASD, DD, and TD groups, respectively, translate to mean durations of RSB of 1 

minute 26 seconds (SD=56s) in the ASD group, 1 minute (SD=38s) in the DD group, and 45 

seconds (SD=33s) in the TD group. The mean RSB rates of 1.13 (SD=.75), .83 (SD=.52), and .59 

(SD=.39) respectively translate into mean frequencies of 23 (SD=14) in the ASD group, 17 

(SD=11) in the DD group, and 13 (SD=9) in the TD group across the whole sample. However, 

the precise nature of the measurements used in this study also demonstrated that RSB were 

highly heterogeneous across children resulting in skewed distributions and numerous outliers on 

individual behaviors. Therefore means may not capture the variability in individual variation 

present in each group.  

The mean proportion of RSB observed in the ASD group is lower than that reported by 

Gardenier et al. (2004) for 15 children with ASD ranging in age from 3 years 1 month to 5 years 

11 months. These authors also used continuous recording methods and found that proportion of 

RSB ranged from approximately 5% to 55% across 22 10-minute samples for the group, thus 

reflecting average durations ranging from 30 seconds to 5 minutes 30 seconds depending on the 

sample. The higher durations and relative proportions may be due to the older age of the children 

in their study as well as differences in the sampling procedures used which consisted of a series 

of trials to evaluate eye contact, imitation, and direction-following skills, as well as 5 minutes of 

unstructured play. It is possible that the more directive nature of the trials and the unstructured 

nature of the play sample resulted in more RSB than observed in this study. 

The presence of RSB in the group of TD children extends existing descriptions of 

rhythmic motor behaviors in typically developing infants in the first year (Thelen, 1979) as well 

as reported repetitive behaviors in typically developing preschoolers (Evans et al., 1997). The 

finding suggests that repetitive actions with objects and body are present late in the second year 
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of life and are evident in this standardized semi-structured clinical setting. Longitudinal 

investigations are necessary to determine whether these RSB are quantitatively or qualitatively 

similar to the repetitive rhythmic behaviors observed in infants. The mean proportions and rates 

of the typical children provide precise quantitative data regarding typical RSB in TD children to 

which behaviors in clinical populations can be compared and thus may provide useful guides for 

when a child may be exceeding the typical durations or frequencies of these behaviors in the 

context of the CSBS DP Behavior Sample setting. It is useful to know that a majority of typical 

children are likely to bang and shake objects during the Behavior Sample and that a substantial 

minority (more than 20%) may also rub, pull or stretch objects such as the balloon, stack three or 

more objects, such as bowls, cups, and spoons during play, bang their hands on the table surface, 

and flap their arms. It is also useful to note that few if any typical children will rotate, spin, 

wobble, or roll objects such as bubble jars, line up, bite, smell, or rub objects in an unusual 

manner, or fixate their gaze on objects. 

It is interesting to note that no children with or without ASD demonstrated finger flicking 

or smelling / sniffing during the behavior sample, although these behaviors have been found to 

distinguish six-year old children with ASD from children with DD and TD with mental ages of 

14 to 17 months (Adrien et al., 1987). In addition, proto-self-injurious behaviors in the form of 

head banging and face slapping were also very rare. Richman and Lindauer (2005) observed the 

emergence of proto-self-injurious behavior in 5 of 12 children with mild to profound 

developmental delays without ASD at a mean age of 22.6 months, with a range from 19 to 27 

months during their longitudinal study. The relatively rare occurrence of proto-self-injurious 

behaviors in this study could be due to the semi-structured context of the CSBS DP Behavior 

Sample procedures, which were designed to be naturalistic, enjoyable, and supportive for very 

young children and to encourage spontaneous communication rather than attempting to elicit 

specific responses in a discrete trial format (Wetherby & Prizant, 1993).   

Concurrent Relationships among RSB, Developmental Level, and Social Skills in the Second 

Year 

Concurrent relationships among RSB and indices of developmental level and social skills 

in the children with ASD were somewhat different than the children with DD and TD. While 

there were no significant relationships between RSB and the symbolic composite in the TD or 

DD groups, there was some evidence that some RSB were related to developmental level in the 
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ASD group, specifically, rate of RSB with body, and total rate of RSB. This is consistent with 

the finding that there were no significant group differences in RSB with body between the ASD 

and DD groups who were matched on developmental level. This is similar to the results of Lord 

and Pickles (1996) who found that only hand and finger mannerisms on the ADI-R was related 

to mental age in their ASD group. Taken together with the findings of this study, it appears that 

RSB with body may have a closer association overall with developmental level than RSB with 

objects in children with ASD. In other words, children with ASD with lower developmental 

levels in the second year tended to show higher rates of RSB with body. 

This pattern of findings thus provides only partial support for Turner’s (1999a) 

hypothesis that “low-level” motor and stereotyped behaviors are more related to developmental 

level than “high-level” RSB. The behaviors measured in this study were all what have been 

termed “low-level” motor and stereotyped behaviors (Turner, 1999a) or repetitive sensory motor 

behaviors (Cuccaro et al., 2003). The reason for this was practical in nature. These were the 

behaviors most likely to be observed with the objects and opportunities presented to children in 

the semi-structured standardized CSBS DP Behavior Sample setting. They were also the 

behaviors more likely to be seen by direct observation as opposed to detailed parental interview, 

which might probe behaviors such as resistance to change in routines. Finally, they were also 

deemed to be the most likely behaviors to be observed in children under two years of age. The 

findings suggest that at this young age, low-level RSB may be separable into RSB with objects 

and RSB with body, and that RSB with body are more closely associated with developmental 

level than RSB with objects. 

With regard to the relationship between RSB and the CSBS DP social composite, one 

significant relationship was observed between total rate of RSB and the social composite in the 

children with ASD but this was no longer significant when controlling for developmental level. 

Children with ASD demonstrated relatively less eye gaze to other’s faces overall than both the 

DD and TD groups, which is similar to the findings of Swettenham et al. (1998); however, no 

significant correlations were observed between measures of eye gaze to face and measures of 

RSB. Children with ASD were found to look for significantly less time at another’s face during 

episodes of RSB with objects than children with TD, but this could have been related to the 

overall differences in proportion of eye gaze to face noted across the whole sample. Children 

with ASD were no more likely to look towards another’s face during the sample in general as 
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compared to when they were engaged in RSB. Thus, in the second half of the second year, RSB 

and general indicators of social skills as reflected by the social composite and eye gaze to face 

did not appear to be closely related. This is in contrast to findings in older children (Campbell et 

al., 1990) and adults with ASD (Bodfish, Symons & Lewis, 1998) where severity of RSB was 

associated with severity of social and communication symptoms. It is possible that over time, 

RSB and social skills may influence one another reciprocally resulting in the observed 

correlations between these symptom domains later in life, but that in the second year, before 

such transactional processes have had as much time to take place between symptom domains, 

RSB and social skills appear to be relatively independent. This supports recent findings of 

genetic studies indicating that although both social and nonsocial symptoms are highly heritable, 

their genetic overlap is modest in the general population, suggesting that different genes may 

contribute to social and nonsocial symptoms (Ronald, Happe, & Plomin, 2005). Evidence of the 

relative independence of RSB and social functioning early on in the development of ASD 

symptoms provides strong support for this notion.  

This finding is also consistent with theories of RSB that conceptualize nonsocial 

symptoms such as RSB as arising from processes distinct to the social deficits observed in 

children with ASD. This includes the empathizing – systemizing theory of Baron-Cohen and 

colleagues (2005) as well as Mottron and colleague’s (2001; 2005, May) theory relating RSB to 

enhanced visual-perceptual functioning. Although neither of these theories was directly tested in 

this study, the relative lack of relationship between RSB and measures of social functioning 

between 18 and 24 months in children with ASD are consistent with separable mechanisms 

underlying these symptoms, rather than conceptualizations of RSB as an end-product or result of 

social impairments. This is discussed in greater detail in theoretical implications. 

Predictive Relationships among RSB, Developmental Level, and Social skills 

In addition to determining whether RSB in the second half of the second year could 

distinguish children with ASD from those with DD or TD, the continuity between early RSB and 

RSB observed in the fourth year of life as well as other symptoms of ASD was also examined. In 

the combined group of ASD and DD children, significant but modest correlations were observed 

between early RSB and scores on all four individual ADOS items and the total Restricted 

Repetitive Behavior algorithm score in the fourth year. There was a fairly predictable pattern of 

relationships among different types of RSB. Specifically, proportion and rate of RSB with body 
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predicted unusual sensory interests and hand mannerisms on the ADOS, while proportion of 

RSB with objects predicted unusually repetitive interests or stereotyped behaviors on the ADOS. 

This pattern suggests some continuity in the type of RSB observed, that is, with the body or 

objects from the second to the fourth year, although unusual sensory interest on the ADOS does 

include unusual sensory interests in objects. In addition, it is interesting to note that proportion 

and rate of RSB with objects also predicted stereotyped/ idiosyncratic use of words/phrases on 

the ADOS, although the size of the relationship was small to moderate. This finding suggests 

some continuity in RSB across distinct behavioral domains of object use and expressive 

language. This is consistent with the findings of a cross-sectional study which suggested the 

presence of developmental changes in RSB over time (Crossland, Reese, Zarcone, & Schroeder, 

2002). In their study of children from 3 to 12 years of age, younger children with ASD tended to 

exhibit frequent RSB with objects, while the older children exhibited more vocal repetitive 

behavior. More longitudinal research regarding this relationship is needed. 

Within the group with ASD alone, only the relationship between RSB with body in the 

second year and unusual sensory interest in the fourth year remained significant. This suggests 

that children with ASD who demonstrated more stiffening of the hands or arms, banging the 

table surface, and rubbing two body parts together in the second year, were observed to engage 

in more unusual interests or responses to sensory aspects of objects or their surroundings in the 

fourth year. The relative paucity of relationships between RSB in the second and fourth year in 

the ASD group is consistent with the findings of Charman et al. (2005) who found no 

relationship between RSB measured on ADI-R from the second to third year of life. However, it 

is inconsistent with the findings of Watt, Wetherby, and Woods (2005, May) who found 

moderate to large correlations between RSB as measured on the SORF between 18 and 24 

months and RSB as measured on the ADOS in the fourth year in 34 children with ASD. These 

34 children were a subset of the 50 children with ASD included in this study. These contrasting 

findings may be related to the similar methods of clinical ratings used in the SORF and ADOS 

which make greater use of clinical judgments of RSB than the precise measures used in this 

study. Further research designed to identify contextual variables that contribute to the clinical 

judgment of the presence of RSB in children with ASD is needed and these directions are 

described in more detail in implications for future research. The relatively modest relationship 

between RSB in the second year and RSB in the fourth year could also be related to the 
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reliability of the RSB measures in this study. A kappa of .7 suggests good agreement overall, but 

as there were so many categories of RSB include in the study, higher agreement indices would 

have been preferable. 

Both the social and symbolic composites measured in the second year predicted RSB on 

the ADOS in the combined group of ASD and DD children. This is consistent with the notion 

mentioned earlier of reciprocal effects, particularly between social symptoms and RSB as 

children develop over time. In the ASD group alone, lower scores on the social composite in the 

second year predicted higher scores on unusual sensory interest and total RRB on the ADOS, 

while lower scores on the symbolic composite predicted higher scores on stereotyped language, 

hand mannerisms, and total RRB. These results indicate that overall developmental level and 

social skills in the second year do appear to have a role to play in the further unfolding of RSB 

over time, although it must be noted that effect sizes were mostly in the small to moderate range. 

With regard to other symptoms measured on the ADOS, early RSB did not predict social-

affect (SA) symptoms on the ADOS in the fourth year, but proportion of total RSB did predict 

overall symptom severity on the SA + RRB total algorithm score in the combined ASD and DD 

groups with a small effect size. This relationship was not observed in the ASD group alone. This 

suggests that later social functioning and overall severity of ASD symptoms in children with 

ASD was not closely related to the amount of RSB present in the second half of the second year. 

Performance on the social and symbolic composites, however, both predicted social symptoms 

and overall symptom severity in the combined ASD and DD groups and symptom severity in the 

ASD group. This finding again suggests that early social skills and developmental level play a 

role in later symptom severity. A recent study investigating the relationship between individual 

items of the social and symbolic composites and later severity of ASD symptoms in the same 

sample of children in this study revealed that acts for behavior regulation and inventory of 

gestures from the social composite, and inventory of play actions and use of pretend play actions 

in the symbolic composite were the most important items predicting communication and social 

symptoms on the ADOS in the fourth year (Wetherby, Watt, Morgan, & Shumway, in press). 

These authors concluded that these pivotal skills may, through a transactional process, impact the 

quality of the child’s social environment as they develop and thus have a cascading effect on 

severity of ASD symptoms. It would be fruitful for future research to examine the relationship 

between RSB and these specific items of the social and symbolic composites. 
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Finally, the relationship between the second year measures and developmental and 

adaptive level in the fourth year was also examined. Predictive correlations from the second half 

of the second year to the fourth year suggest a complex pattern of relationships. In all three 

groups, rate of RSB with objects and total rate of RSB were significantly negatively correlated 

with verbal outcome on the MSEL at three years, indicating that across the board, higher 

frequencies of RSB, particularly with objects in the second year were associated with poorer 

verbal outcome. Moreover, proportion of total RSB in the ASD and DD groups, proportion of 

RSB with body in the ASD group and proportion of RSB with objects in the DD group also 

predicted verbal developmental level at three years. These results suggest that early RSB may 

over time influence the development of receptive and/or expressive language skills. This finding 

is interesting in light of recent research indicating that preschoolers who had fewer RSB at the 

onset of intervention and who showed the greatest improvements in RSB in the first six months 

to a year of intervention showed greater gains in language skills (Bopp et al., 2005, November). 

The relationship between RSB and verbal skills appears to be an important avenue for future 

research. 

Only in the ASD group did early RSB also significantly predict later nonverbal 

developmental level, specifically, proportion of RSB with body and proportion and rate of total 

RSB. These results support the notion mentioned earlier that RSB with body appear to be related 

to general developmental level. This finding is in contrast, however, with the findings of 

Charman et al. (2005) who found no predictive relationships between RSB as measured on the 

ADI-R and nonverbal developmental level from 2 to3, 2 to 7, or 3 to 7 years of age. Scores on 

both the social and symbolic composites predicted verbal and nonverbal outcome with large 

effects, although the relationships between the social composite and developmental outcome 

were no longer significant when controlling for developmental level on the symbolic composite. 

The large relationship between the symbolic composite and verbal and nonverbal DQ is not 

surprising considering that the symbolic composite consists of both verbal receptive and 

nonverbal components. These large correlations add validity to the symbolic composite as a 

useful measure of general developmental level in the second year of life, particularly in children 

with developmental or communication delays. The recent findings of Wetherby et al. (in press) 

also suggest that in children with ASD, it is the verbal understanding component of the symbolic 

composite that contributes most to verbal and nonverbal DQ in the fourth year, although 
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inventory of play actions and stacking blocks also significantly predicted verbal and nonverbal 

DQ even when controlling for understanding. 

Volkmar et al. (2004) stressed the importance of relating ASD symptomatology to real-

world outcomes. In this case, the relationship between RSB at 18 to 24 months and adaptive 

behavior on the Adaptive Behavior Composite of the VABS in the fourth year was examined and 

no significant correlations were observed. Again, this is similar to the finding of Charman et al. 

(2005). It appears that although early RSB may contribute to nonverbal and verbal 

developmental level and ASD symptoms in the fourth year, they do not appear to predict overall 

adaptive behaviors. Scores on both the social and symbolic composites were, however, 

significantly correlated with adaptive outcome with moderate to large effect sizes in the ASD 

group. 

Theoretical Implications 

The results of this study indicated that RSB were present between 18 and 24 months of 

age in all children, but that the children with ASD demonstrated significantly higher proportion 

and rate of RSB as well as a qualitatively distinct linear combination of different types of 

behaviors, including more rotating, rolling, and spinning objects and more stiffening of the arms 

and hands. RSB with objects and RSB with body appeared to be qualitatively distinct in that 

RSB with body did not distinguish children with ASD from developmentally- and 

chronologically-age-matched children with DD, and were significantly related to developmental 

level within the ASD group. The presence of RSB in the second year was not closely associated 

with overall social skills, but social skills in the second year did predict RSB in the fourth year 

even controlling for developmental level. In the fourth year, there were also significant 

correlations between RSB on the ADOS and verbal and nonverbal developmental level in the 

ASD group.  

This pattern of findings provides partial support for the prominent social orienting theory 

(Dawson et al., 2004; Mundy & Burnette, 2005) in that poorer social skills in the second year did 

appear to predict more severe RSB in the fourth year. The pattern of predictive correlations 

presented here was consistent with the notion that social deficits in the second year may, through 

a transactional process over time, contribute to the presentation of ASD symptoms including 

RSB in the fourth year. However, the results speak against the social orienting theory as an 

adequate explanation for the presence of RSB in the second half of the second year. The present 
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findings between 18 and 24 months suggest that the social and RSB or nonsocial symptoms of 

ASD during this period may be relatively independent, and hence the RSB observed were 

unlikely to be a direct result of social deficits as proposed by the social orienting theory. 

However, it is essential that future research examine whether social orienting deficits earlier in 

the second year, and even in the first year of life, are associated with RSB between 18 and 24 

months such as those observed in this study to examine the social orienting theory more fully.  

The relative independence of social and nonsocial behaviors of children with ASD 

between 18 and 24 months in this study is more consistent with theories proposing different 

underlying mechanisms for these symptoms in children with ASD, such as enhanced perceptual 

functioning (Mottron et al., 2001; 2005, May), and empathizing and systemizing (Baron-Cohen 

et al., 2005), although neither of these theories were specifically examined in this study. Another 

possible underlying mechanism for the development of RSB in the second year relates to the 

combination of learning strategies available to children with ASD. In typically developing 

children, the repetitive secondary circular reactions common in the first year of life begin to 

diminish around the first birthday as they are replaced with more functional use of objects. These 

actions with objects are typically learned within the rich and highly predictable social contexts 

and routines that characterize most children’s early lives and from imitation and observational 

learning. Children with ASD, however, have been shown to have particular deficits in imitation 

(Rogers, Hepburn, Stackhouse & Wehner, 2003; Williams, Whiten, & Singh, 2004). This may 

result in an unusually prolonged reliance on active exploration of objects in order to learn about 

their world, evident in the predominance of secondary circular reactions throughout the second 

year of life (Losche, 1990). While these may therefore be considered a relative “strength” 

compared to impairments in social learning skills, it is possible that in the absence of other 

learning skills, they may themselves develop atypically and result in behaviors seldom, if ever, 

observed in typically developing children. Certainly some RSB observed in this study, such as 

spinning and rolling objects in the children with ASD, appeared highly skilled and well-

practiced, indicative of active repetition and exploration that were clearly not learned by 

imitation or observation. Longitudinal studies of RSB late in the first year and early in the 

second year are necessary to determine whether RSB in children with ASD truly appear to “grow 

out of” the typical exploratory actions observed in very young children, or whether they 

constitute an atypical process from the very earliest stages of their emergence.  
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The social and RSB symptoms in children with ASD in the second year may have 

different underlying processes and neural mechanisms, which could ultimately suggest different 

underlying genetic bases (Ronald et al., 2005). However, even if these different genes were at 

some point to be unequivocally identified, experience from other multiple gene disorders such as 

Williams syndrome (WS) and even single gene developmental disorders such as Fragile X 

syndrome has shown that the genotype-phenotype relationship in developmental disorders is 

much more complex and indirect than originally supposed and that there is unlikely to be a 

simple relationship between the identified gene, brain structure, cognitive function, and observed 

behavior (Johnson, Halit, Grice & Karmiloff-Smith, 2002; Karmiloff-Smith, Scerif & Thomas, 

2002). Evidence from the study of WS, where the precise genes responsible for the disorder have 

been identified, suggests that attempts to link the specific genes with specific deficits have not 

been fruitful (Karmiloff-Smith et al., 2002). Detailed investigations of even the apparently 

spared skills in WS such as face processing indicate that even this superficially intact skill is 

subserved by substantially different cognitive and neurological processes in comparison to 

typical children.  

In light of these findings, Karmiloff-Smith and colleagues (2002; Johnson & Karmiloff-

Smith, 2004) have proposed that the atypically developing brain shows subtle abnormalities 

across multiple regions as it progressively structures itself over time. Impaired genes operate to 

affect the trajectory of development in multiple areas and therefore contribute only indirectly to 

specific observed impairments. They propose that a neuroconstructivist framework in which 

extensive interactive specialization occurs during postnatal brain development best accounts for 

the findings in WS. According to the neuroconstructivist framework, cortical pathways in the 

infant brain differ according to their connections with other parts as well as in their biases in 

information processing abilities, sometimes referred to as architectural constraints (Johnson et 

al., 2002; 2004). These constraints, along with critical experience, have the effect of a gradual 

process of progressive “recruitment” of particular pathways and structures for certain functions. 

In other words, cortical pathways and structures go through a process of specialization based on 

experience. The typical brain would progressively recruit various brain structures and 

connections in processing social and nonsocial stimuli. In an atypically developing brain the 

same processes of recruitment and specialization would occur resulting in multiple atypical 

neural pathways. 
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Applying this framework to brain development in infants with ASD, we should also 

expect that the relationship between the ASD genotype and phenotype is likely to be indirect and 

complex (Rutter, 2005; Akshoomoff, Pierce, & Courchesne, 2002). The social orienting theory 

(Mundy & Burnette, 2005) has highlighted the likelihood that experience expectant social 

processes are affected in the ASD brain, but this does not appear to be sufficient to explain the 

presence of RSB in the second year. Taken together with the suggestion that faulty genes will 

affect the functioning and development of the entire brain, it is possible that “experience 

expectant nonsocial processes” are just as likely to be affected in children with ASD and this 

may have greater validity in explaining the presence of RSB between 18 and 24 months. If 

children with ASD do interact with objects differently than TD children in terms of frequency, 

duration and/or topography, then it is likely that these atypical behaviors may lead to an excess 

of sensory input resulting in greater neural recruitment and atypical specialization of certain 

perceptual pathways. Just as an attenuation of social information may exacerbate subsequent 

social symptoms in a complex transactional process over time, so too could an excess of sensory 

experience during exploration of the inanimate environment exacerbate RSB symptoms in young 

children with ASD. Over time, such as between two and four years of age, it is also likely that 

atypical social and nonsocial processing will have reciprocal effects on one another, so that by 

the fourth year, RSB observed in children with ASD may be explained by a combination of 

atypical nonsocial processing, a long and complex history of atypical social development, as well 

as possible social learning effects (Kennedy et al., 2000). The possibility that such a variety of 

factors may contribute to the unfolding of RSB over time might also explain the relatively 

modest relationships between RSB in the second and fourth years observed in this study. 

Limitations  

There are limitations in this study that must be considered in interpreting the results. One 

limitation was the small size of the DD group in relation to the ASD and TD groups. This 

affected homogeneity of variance among groups on the RSB variables. Although this was 

controlled for statistically in the group contrasts, no correction could be made in the descriptive 

discriminant analysis (DDA) procedure. Other limitations regarding the DDA procedure used in 

this study are also important to note. DDA is a mathematical maximization procedure, which 

capitalizes on chance differences in the data, which makes replication on other samples very 

important before results can be interpreted with any confidence. DDA assumes multivariate 
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normality and homogeneity of covariance matrices for all variables, neither of which were met 

satisfactorily in the individual variables entered into this analysis due to skewed distributions and 

outliers. Although DDA is relatively robust to violations of these assumptions, the results related 

to statistical significance and size of the standardized coefficients and correlations need to be 

considered with caution (Huberty, 1994). In terms of power, the ratio of the number of behaviors 

to the number of children, 16:123 for RSB with objects and 10:123 for RSB with body are both 

lower than the 1:20 rule of thumb suggested by Stevens (2002). Therefore, the numerical value 

of the correlations and coefficients generated in the DFA may again be unreliable. Replication of 

these exploratory methods on independent samples is therefore essential. 

Due to the exploratory nature of this study, the potential for Type 1 error was not 

controlled for in the study. Therefore some spurious results may have been present simply due to 

the number of statistical analyses. Except for the DDA, however, it is unlikely that relationships 

were missed due to lack of power. There were sufficient children in the ASD group to detect 

medium effects in the correlation analyses (r = .40) with a power of .83 and to detect correlations 

of .30 with a power of .60. Therefore it is unlikely that moderate to large effects if they do exist, 

would have been missed in a sample of this size. Similarly, there was a power of .80 to detect 

medium differences (d=.5) between the ASD and TD groups. There were sufficient children in 

the DD group to detect large differences (d=.8) between the ASD and DD groups with a power 

of .93. 

Methodologically, the supportive sampling procedures used in this study may have 

minimized opportunities for RSB to occur in these young children and thus this study may 

underestimate the proportion and rate of RSB in children with ASD between 18 and 24 months. 

The sampling procedures make few direct demands on the children, rather allowing for 

spontaneous communication to take place. In some instances, the clinician or parent present 

during the behavior sample even removed objects which the child was trying to manipulate 

repetitively. In addition, a number of children with ASD and DD in this study had been identified 

even earlier in the second year as having communication delays and had therefore been receiving 

early intervention. This also may have minimized the extent of RSB observed in this sample.  

Two additional limitations regarding reliability may have affected the size of the 

relationships observed in this study. Firstly, the reliability and validity of the diagnoses of the 

children in each group was not directly evaluated. The diagnostic evaluations of the children in 
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the ASD and DD groups incorporated many procedures typically associated with increased 

reliability, including using a team approach, using gold standard assessment tools such as the 

ADOS by a research level trained clinician, using a battery of assessments and information 

sources, including the parent, and integrating clinical judgment and assessment results in 

decision-making. However, despite these safeguards, the accurate diagnosis of children with 

ASD and ruling out of ASD in the children with DD continues to be a possible limitation in all 

research in this field. Secondly, the inter-observer reliability measures of this study suggested 

adequate reliability for RSB. However, due to the large number of topographies of behaviors 

coded in this study, higher reliability would have been preferable. The reliability of the RSB 

measures in the second year would necessarily limit the size of all subsequent correlations 

between these and other measures. 

Implications for Future Research  

There are numerous implications for future research regarding RSB arising from this 

study, which fall into three broad areas: 1) further investigations of RSB between 18 and 24 

months; 2) investigations of RSB earlier in life; and 3) implications for the development of 

clinical tools. Specific directions in each of these areas are highlighted here. It is important for 

future research to compare the RSB of children with ASD between 18 and 24 months to 

developmentally-age-matched younger TD children to determine whether differences are still 

evident. This will assist in the determination of whether RSB in children with ASD are truly 

different or merely delayed (Symons et al., 2005). It is important to note that as over half of the 

group with ASD had developmental levels within the normal range, at least half of the TD 

control group was age-matched with the ASD group both chronologically and developmentally. 

However, comparing the RSB of the whole ASD group to a developmentally-age matched TD 

group would help tease apart ASD related behaviors from typical RSB in younger children.  

While differences in duration, frequency, and topography of RSB were observed in 

children with ASD compared to children with DD and TD in this study, an important area for 

further investigation concerns the examination of contextual variables that may distinguish RSB 

in children with ASD between 18 and 24 months of age. The results of this study suggested that 

RSB in children with ASD were not distinguished by different amounts of eye gaze directed to 

face. Other contextual factors which might help to characterize differences in RSB across groups 

other than frequency, duration, and to some extent topography, include the emotional context in 

 75



which the RSB was observed. Differences in the emotional state of children demonstrating RSB 

may provide clues as to the possible function of the RSB and whether these differ for children 

with ASD, DD, and TD. In addition, RSB with objects and RSB with body may be characterized 

by different contextual variables (Willemsen-Swinkels et al., 1998).  

Cuccaro et al. (2003) have pointed out the possible utility of using RSB to identify 

subgroups of children with ASD. It appears that a subgroup of children in this study stood out in 

the DDA as displaying the more unusual behaviors associated with the ASD function. Isolating 

these children and examining their concurrent and later functioning in comparison to the children 

who were largely indistinguishable from the other groups may yield important subgroup 

information. Such findings on subgroups may have implications for guiding further genetic 

subtype research. 

The systematic observations of RSB used in this study should also be extended in future 

research through alternative sources, including parent report measures such as the EDI (Werner 

et al., 2005) and observation in naturalistic and possibly less structured settings. This would 

provide information regarding behaviors that could not be observed in the standardized behavior 

sample setting, such as resistance to change in routines and would also reveal the effects of the 

semi-structured sampling procedures on the frequency of RSB noted in the children in this study. 

Wetherby et al. (in press) found differential patterns of relationships among the specific items 

that make up the social and symbolic composites of the CSBS DP and later developmental 

outcome and severity of ASD symptoms in children with ASD. Therefore, further examination 

of the relationship between RSB with objects and body between 18 and 24 months and the 

specific social and developmental skills that make up the social and symbolic composites of the 

CSBS DP is also warranted. 

The second broad direction for future research is to examine RSB in younger children in 

the first half of the second year, and even the first year of life using the prospective systematic 

sampling procedures used in this study. Longitudinal examination of RSB in younger children 

with ASD and matched groups of children with DD and TD is important for tracking the 

developmental trajectory of RSB as well as social impairments, as they unfold over time. Precise 

data on RSB in younger children and the relationship between RSB and social impairments will 

provide more information on the relative dependence or independence of symptoms in these two 

domains (Charman & Swettenham, 2001), which may guide further studies on genetic subtypes 
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of ASD (Ronald et al., 2005; Cuccaro et al., 2003). As noted, examination of the relationship 

between social skills earlier in the second year and even in the first year, and concurrent and later 

RSB such as between 18 and 24 months of age will also provide the missing evidence needed to 

substantiate the social orienting theory in very young children with ASD (Mundy & Burnette, 

2005), although the findings of this study suggest that this theory does not adequately explain the 

presence of RSB between 18 and 24 months.  

Longitudinal investigations of RSB from the end of the first year of life may also 

illuminate how the RSB seen in the second year relate to the rhythmic behaviors so well-

documented in the first year of life in infants with TD (Thelen, 1979). Further investigations of 

the role of Piagetian processes such as secondary circular reactions (Losche, 1990) in the 

development of RSB in light of more current understanding of other processes that impact 

children’s learning in the first two years of life such as imitation (Rogers et al., 2003; Meltzoff, 

2004) may shed further light on the mechanisms underlying not only the emergence, but also the 

development of RSB over time. Finally, in light of the findings of the present study and previous 

intervention studies (Bopp et al., 2005, November), the relation between early RSB and later 

verbal outcomes, both in the form of higher levels of stereotyped use of language and lower 

verbal developmental quotients deserves further study. 

The findings of this study have important implications for the utility of including RSB in 

the development of clinical tools for identifying young children at-risk for ASD such as the 

SORF (Wetherby & Woods, 2002). Additional information that would be useful for the 

development of such clinical tools is identifying which activity in the Behavior Sample yields the 

richest information related to RSB for children with ASD. This needs to be undertaken in 

conjunction with research identifying activities that yield the most discriminating information 

regarding the social and communication symptoms evident in the second year to aid in the 

construction of screening tools for clinicians, pediatricians, and other childcare personnel.  

In light of the statistical limitations of this study mentioned earlier, an important 

implication for future research is cross-validation of these findings in independent samples of 

prospectively identified children in the second year of life. Review articles of the state of the 

field of ASD consistently point out low rates of replication as a weakness of many areas of 

research in the field of ASD (Bailey et al., 1996; Volkmar et al., 2004). Recruiting sufficiently 

large samples of children with ASD prospectively in the second year of life in light of difficulties 
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in early identification is a daunting task. Some researchers have targeted populations who are at a 

high risk of ASD such as younger siblings of children already diagnosed with ASD 

(Zwaigenbaum et al., 2005). Continuation of these studies, as well as more general sample 

screening studies such as the FIRST WORDS
®

 Project are essential in this regard. 

Summary 

 The results of this study indicated that RSB were present in most children in the second 

half of the second year of life, but that they were typically low in duration and frequency overall. 

However, as a group, children with ASD showed greater proportions and rates of RSB and a 

linear combination of different types of RSB that appeared to denote a specific ASD quality. 

Individually, children with ASD also demonstrated marked heterogeneity in the presentation of 

RSB such that while the presence of RSB may be a clinically significant early indicator of ASD, 

their absence does not necessarily preclude a diagnosis of ASD. Within the ASD group, RSB 

with body appeared to be related to concurrent developmental level between 18 and 24 months, 

but on the whole, RSB did not appear to be related to social skills or eye gaze directed to face. 

RSB in the second year showed modest continuity with RSB in the fourth year. RSB in the 

second year predicted verbal and non-verbal outcomes, but not adaptive behavior outcomes. 

Social skills and developmental level in the second year were predictive of RSB in the fourth 

year suggesting that social symptoms play an important role in the unfolding of RSB over time, 

but not necessarily in the presence of RSB in the second year of life. Taken together, these 

results suggest that the presence of RSB between 18 and 24 months is an important early red flag 

for ASD and has diagnostic and clinical significance regarding outcomes in the fourth year. 
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APPENDIX 

REPETITIVE AND STEREOTYPED BEHAVIORS  

CODING DEFINITIONS 

 

Repetitive and stereotyped behaviors (RSB) are a behavior class with four elements, all of which 

will be coded as states: 

1. RSB with objects 

2. RSB with body 

3. Proto-self-injurious behavior 

4. No RSB (default state) 

 

1. RSB with objects 

There are 16 modifiers (subcategories) of RSB with objects. Behaviors 1 through 8 will be coded 

as repetitive if it occurs three consecutive times, or if different behaviors occur that are 

qualitatively similar three times in sequence, for example, bang, push away, roll. Unsuccessful, 

but obvious attempts at a behavior are also counted (e.g., the child attempts to push away, but 

misses). Behaviors 8 through 11 will be coded if they involve successive use of three or more 

objects. Behaviors 12 through 16 are considered stereotyped and will be coded every time they 

are observed. Mouthing is NOT coded. Whether a particular behavior appears “functional” 

within the activity is irrelevant to coding repetitive behaviors, except for building blocks and 

turning pages in a book. DO NOT CODE a repetitive behavior with objects if:  

•  it is part of a communicative act and is coded as a communicative gesture (e.g. 

repeatedly rubbing the book which is coded as a point).  

• It occurs entirely within an act, even if it is not coded as a gesture (e.g., banging the dog 

on the table during an act of joint attention, even though the banging was not coded as a 

communicative gesture). 

 

Onset: When the criteria for a RSB with objects is met, rewind the tape to the beginning of the 

first behavior. Begin coding duration at the start of the first behavior according to the criterion 

for each behavior. 

Offset: Stop coding after the last repetitive behavior or at the point one of the following occurs:  

 an adult takes a turn that breaks the sequence of repetitive behaviors or removes the 

object involved (i.e., that is qualitatively different to what the child is doing, e.g. instead 

of rolling the bubbles back to the child, she picks them up and opens them),  

 OR the child’s focus of attention changes and the behavior and / or movement stops,  

 OR the child uses the same or another object in a different way. 

If the child moves from one repetitive behavior to another with the same or different object, 

continue coding duration, simply change the modifier (e.g., the child is shaking the bottle of 

bubbles then begins to bang or to roll it). 

Once a behavior has been coded as a repetitive behavior within an activity (i.e. has occurred 

either three times consecutively or in a sequence, or met the specific criteria for that behavior), 

code the duration of every subsequent occurrence of that behavior WITHIN THAT ACTIVITY 

even if it occurs only once.  
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Modifiers of repetitive movements with objects: 

1. Bangs, taps, or bounces: contact between one object with another object, between an 

object held by the child and the surface of the furniture, or between the child’s hand and 

an object. Onset: when the child begins to move the object toward the surface or other 

object, or their hand towards the object; Offset: as above. DO NOT CODE if the child 

dips the bubble wand in the bubble jar. 

2. Turns, rotates, spins, twirls, wobbles, flips, rolls, or knocks over and rolls: turns an object 

while held in the hand, or spins, wobbles, flips or rotates or rolls it on the surface of the 

table; may also knock over and then roll an object.: Onset: the moment the child sets the 

object in motion, include the time the child is watching the object move; Offset: as above. 

DO NOT CODE if the child is rotating the knob on the wind-up to try and activate it, or 

is rotating the lid of the jar to open or close the jar. 

3. Shakes: moves arm consecutively up and down while holding an object, but doesn’t bang 

it on the table. Onset: the moment the shaking movement starts (not including time the 

child was holding the object beforehand); Offset: as above 

4. Pushes, slaps or throws object away from self. Onset: the moment the child’s hand begins 

the push, slap or throw (i.e., the rapid movement away from self). Remember not to code 

if the push is part of an act. 

5. Opens and closes a part of an object, e.g. door on car, lid on pot. Onset: the moment the 

actual manipulation begins. 

6. Squeezes or turns a part of an object (e.g., repetitively squeezing the nipple of the bottle). 

Onset: the moment the child begins to squeeze the object. 

7. Rubs or pulls an object (e.g. the child rubs an object that is held in their hand or is on the 

table, or pulls an object such as the balloon to stretch it). Onset: the moment the child 

begins the movement. DO NOT CODE wiping the table with paper towel. 

8. Stacks: consecutively places two or more objects inside or on top of a third object. This 

does not apply to blocks. Onset: the moment the second object is stacked onto the first. 

9. Lines objects up: placing three or more objects next to each other. Onset: the moment the 

second object is placed beside the first. 

10. Drops or puts objects to one side: drops or puts three or more objects off the table either 

to their left or right sides across the entire sample. If these drops occur separately across 

the sample, after the third observation go back to the first one and code each individual 

drop. Onset: the moment the child begins the arm movement with the object in hand to 

the side to drop. Offset: the moment the object is released from the child’s hand. If the 

drops occur consecutively, offset is the moment the last object is released from the 

child’s hand. 

11. Collects objects: holds or gathers three or more objects at one time; this can be in the 

hand, under the arm, or in a pile elsewhere. Onset: the moment a second object is placed 

in the same location as the first. Offset: code offset at the moment the child stops 

attending to the collection (e.g., if the child is still holding three or more objects in one 

hand, but becomes focused on something else. This may be something introduced by an 

adult, or manipulating another object with the other hand.) 

12. Licks: contact between the tongue and an object  

13. Bites: if distinguishable from mouthing; not including cooking or feeding toys; 

14. Smells / sniffs an object 
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15. Feels or touches (unusual rub): visible rubbing of an object against any part of the child’s 

skin other than the hand (e.g., the child picks up an object and rubs it against their cheek)  

16. Fixates eyes, tilts head or visually examines an object held very close to or to the side of 

the eyes. This does not include gazing in a fixated way out of the window or into space. 

 

2. RSB with body 

RSB with body are defined as stereotyped or repetitive movements of the child’s body, arms, 

hands or fingers. There are 10 modifiers of this element. Modifiers 1 through 8 are considered 

repetitive and must occur three consecutive times in order to be coded. Modifiers 9 and 10 are 

considered stereotyped and are coded every time they are observed. Onset is coded from the 

moment the first movement is observed. Offset is coded the moment the movement ends. DO 

NOT CODE a repetitive movement with body if:  

•  it is part of a communicative act and is coded as a communicative gesture (e.g. 

repeatedly making the “more” sign)  

• If the child makes clear communicative signs even if they are not directed (i.e., they are 

not coded as an act, but you can tell the child is using a sign). Any number of signs may 

fall into this category e.g., waving bye-bye, signing more, or please, or nodding or 

shaking the head communicatively. 

 

Modifiers of RSB with body: 

1. Bangs or taps: child bangs or taps his/her hand / arm against a surface while not holding 

an object, including the furniture, or the body OR taps or bangs one hand / arm against 

the other hand/arm. DO NOT CODE clapping. 

2. Rocks: one forward followed by one backward movement of the body or vice versa in the 

seat, may or may not bang against the back of the seat 

3. Wiggles: side to side movements in the sassy seat. 

4. Flaps arms or hands: raises and lowers arms or hands or rotates hands (while not holding 

any object) either in front of or at the side of the body. DO NOT CODE waving bye bye 

to a toy, or waving at the camera. 

5.  Jumps or bounces in seat or up and down movement of body in seat 

6. Flicks fingers: isolated movements of the fingers either in the air or against a surface, but 

not while holding or examining an object 

7. Rubs the surface of the chair or table: rubs hand or fingers over the table or other 

furniture (e.g., the arms of the sassy seat) 

8. Rubs two parts of the body together, for example rubs hands together back and forth or 

rubs hand over head. DO NOT CODE if the child is scratching an itch. 

9. Stiffens: this includes visible tensing of the fingers resulting in spreading or flaring 

posture of the fingers, as well as visible tensing of the fists, arms, or shoulders. 

10. Covers both eyes or ears with hands. 

 

3. Proto-self-injurious behavior 

Proto self-injurious behavior is defined as actions of the child directed toward themselves that do 

not, but could produce tissue damage over time. There are two modifiers of this element. Each of 

these should be coded every time they occur. 

1. Bangs head: contact between any part of the head or face and any other surface such as the 

table or sassy seat 
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2. Slaps head or face: contact between the palm of the hand and any part of the face or head 

 

 

4. No RSB 

This is the default state and will therefore automatically be coded at the start of the sample, and 

will be used to code the offset of both other elements of RSB. 
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