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Abstract 

Successful toilet training is a key developmental milestone typically 

accomplished during the preschool-age range.  Preschool-age children are developing the 

necessary components (e.g., social skills, communication, transitioning and generalizing 

behaviors) needed for the toilet training process during this time.  One indicator of a 

child’s toilet training success is the achievement of daytime dryness, defined as a period 

of at least 12 months since the last daytime bladder accident (Rutter et al., 2008).  By age 

5 years, 95% of typically-developing children have achieved daytime dryness (Oppel, 

Harper, & Rider, 1968).  Failure to achieve daytime dryness by age 5 is outside of 

normative development and it may affect a child’s level of independence, inclusion in 

school and childcare activities, and overall quality of life (Azrin & Foxx, 1974; Kroeger 

& Sorensen, 2010; Schonwald, 2009; Thomson et al., 2011).  Failure to achieve daytime 

dryness by age 5 years may also warrant a diagnosis of enuresis (American Psychiatric 

Association, 2013).    

Children with Autism Spectrum Disorder (ASD) may have difficulty achieving 

daytime dryness within the normative age range (Ando, Yoshimura, & Wakabayashi, 

1980; Dalrymple & Ruble, 1992).  Individuals with ASD demonstrate unique diagnostic 

core symptoms (i.e., deficits in social communication and interactions, and restricted, 

repetitive behaviors, interests, or activities) and often have associated features (i.e., 

significant deficits in intellectual functioning and adaptive behavior) that may make toilet 
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training more difficult (Azrin & Foxx, 1974; Dalrymple & Ruble, 1992; Lane et al., 

2009; Luiselli, 1997; Schonwald, 2009; Wheeler, 2007).  Despite the difficulty and stress 

associated with toilet training in the ASD population, limited research exists on factors 

that may affect toilet training success for these children (Dalrymple & Ruble, 1992; 

Keen, Brannigan, & Cuskelly, 2007; Macias et al., 2006).  Specifically, there is a lack of 

data-based research investigating the relation between ASD core symptoms, as well as 

associated features and daytime dryness in preschool-age children with ASD.  After 

diagnosis or when functioning deficits are recognized, children with ASD may receive 

various treatments, which most commonly include behavioral, speech/language therapy, 

and occupational therapy (Bowker, D’Angelo, Hicks, & Wells, 2011; Goin-Kochel, 

Mackintosh, & Myers, 2009; Green et al., 2006; Pringle et al., 2012).  While none of 

these treatments, by definition, specifically target toilet training, each treatment does 

target the necessary precursor skills (e.g., compliance, social, communication, motor, and 

daily living skills).  Further research is needed to determine how participation in these 

treatments may affect achievement of daytime dryness, particularly for children with 

differing ASD core symptoms and associated features.   

The current study aimed to contribute to the understanding of predictive factors 

that may affect achievement of daytime dryness in preschool-age children with ASD.  To 

enhance identification of children who may have difficulty toilet training and, ultimately, 

to inform early interventions to increase the likelihood of toileting success, this study 

investigated the specific characteristics of preschoolers with ASD (e.g., ASD core 

symptoms and associated features of intellectual functioning and adaptive behavior), as 

well as their participation in various treatments, to determine whether these factors affect 
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the achievement of daytime dryness by age 5 years.  Extant data from a subset of the 

national, multisite Simons Simplex Collection (SSC; n=637) were analyzed in the current 

study to investigate the following research questions: 1) what are the adaptive behavior 

relative and normative strengths and weaknesses and intellectual functioning 

characteristics for preschool children with ASD?; 2) what factors predict whether a 

preschool-age child achieves daytime dryness by age 5 years?; 3) what is the predictive 

validity of the factors that are significant in determining whether a preschool-age child 

achieves daytime dryness by age 5 years?; and 4) does adding the reported history of 

treatment type, intensity, and/or duration to the model as a moderator affect the direction 

or strength of the relation between the ASD core symptoms/associated features and the 

achievement of daytime dryness by age 5 years?   

Descriptive analyses and standardized difference equations were conducted to 

determine the adaptive behavior relative strengths and weakness and intellectual 

functioning characteristics.  The intellectual functioning for this sample fell into the 

below average range, and 32% of the children had FSIQ scores in the intellectual 

disability (ID) range.  The adaptive behavior profile for this sample indicated significant 

impairments in adaptive behavior functioning and a relative weakness in socialization, 

which were consistent with previous research (Gillham et al., 2000; Kanne et al., 2011; 

Sparrow et al., 2005). 

Logistic regression analyses were conducted to investigate the impact of certain 

factors that predict whether a preschool-age child achieves daytime dryness by age 5 

years.  Of the possible factors that were considered, three were significant predictors (i.e., 

the Vineland-II ABC, Vineland-II Communication, and the Vineland-II Daily Living 
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Skills) of the achievement of daytime dryness by age 5 years.  An increase in these 

adaptive behavior skills increased the likelihood of achieving daytime dryness within the 

normative age range.   

Receiver operating characteristic (ROC curve) analyses were conducted to 

determine predictive validity and descriptive utility of the significant factors.  “Cut 

scores” were established and diagnostic test evaluations indicated positive predictive 

values ranging from 71% to 73% and negative predictive values ranging from 68% to 

74%.   

Lastly, logistic regression analyses were conducted to investigate whether adding 

the reported treatment type to the regression model as a moderator would affect the 

direction or strength of the relation between the significant factors and the achievement 

of daytime dryness by age 5 years.  The logistic regression results, with treatment as a 

moderator variable, indicated that having had intensive behavioral (i.e., ABA-based) or 

speech therapy treatment did impact the likelihood of achieving daytime dryness by age 5 

years.  Limitations of the current study and future directions are discussed.   
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Children experience considerable growth and development during the preschool-

age range (i.e., ages 2 to 5).  During this time, children are interacting more with others: 

using social skills, developing their language to communicate with others, and behaving 

within their environment through actions, activities, and play (Berk, 2002; Thompson, 

Goodvin, & Meyer, 2006).  Preschool-age children also use their developing intellect to 

reason and gain understanding of the world around them (Berk, 2002; Heffelfinger & 

Mrakotsky, 2006).  The physical growth and motor development during the preschool 

years allow children to exhibit additional adaptive behaviors and to become increasingly 

independent (Berk, 2002; Heffelfinger & Mrakotsky, 2006).  Understanding the 

normative development of preschool-age children can help parents and clinicians monitor 

a child’s development and identify possible delays (Heffelfinger & Mrakotsky, 2006).        

Social Skills, Communication, and Behaviors 

At a very young age, children learn to use social cues, such as eye contact or a 

smile, to interact with others (Berk, 2002).  During the preschool age range, children 

continue to develop their ability to interact socially with others.  They increase their 

understanding of and responses to other’s emotions, and they develop relationships 

(Berk, 2002; Thompson, et al., 2006).  In addition to developing nonverbal social 

behaviors, such as eye contact and body language, preschool-age children are developing 

their ability to communicate by expanding their receptive language skills and 

vocabularies (Heffelfinger & Mrakotsky, 2006).  As a result, they are better able to 

understand others and express themselves (Heffelfinger & Mrakotsky, 2006).  Preschool-

age children are able to focus their attention for an extended amount of time, manipulate 
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objects to find solutions, and engage in imaginative play activities (Berk, 2002; 

Heffelfinger & Mrakotsky, 2006).  To learn behaviors or activities, younger children may 

require repetition and close adherence to routines.  By contrast, preschool children 

require less repetition, they are able to learn new behaviors and rules quickly, deviate or 

change routines, and generalize behaviors to different settings without difficulty 

(Heffelfinger & Mrakotsky, 2006).   

Intellectual Functioning   

Children exhibit greater intellectual functioning during the preschool-age range 

than during their infant and toddler years because their frontal-lobes, required for 

planning and forming behaviors, are more developed (Berk, 2002).  Preschool-age 

children have the visual perception necessary to recognize and differentiate objects and 

the problem solving skills needed to understand and incorporate information about their 

environment (Heffelfinger & Mrakotsky, 2006).  The intellectual functioning of 

preschool-age children can be accurately assessed and can serve as an indicator of 

developmental level and as a means of identifying possible delays in achieving 

milestones, (Heffelfinger & Mrakotsky, 2006; Sattler, 2008).  Early assessment of 

intellect can predict potential functioning at a later age (Dietz et al., 2007; Lord & 

Schopler, 1989).   

Physical Growth   

During the preschool years of development, children’s bodies grow taller and 

their bone structures and muscles develop, improving their body control, posture, 

balance, and motor abilities (Berk, 2002; Heffelfinger & Mrakotsky, 2006).  Their newly 

developed motor skills allow preschool children to engage in an increasing number of 
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activities, such as playing, running, jumping, climbing, catching, throwing, building, and 

drawing (Heffelfinger & Mrakotsky, 2006).   

Adaptive Behavior   

Adaptive behavior refers to an individual’s ability to demonstrate age-appropriate 

communication, socialization, practical daily living, and necessary motor skills to 

function independently within his or her environment (Liss et al., 2001; Sparrow, 

Ciccetti, & Balla, 2005).  According to Erikson’s Psychosocial Stage Theory of 

Development, children in the preschool-age range are learning to take initiative and 

wanting to be more independent (Erikson, 1980).  They utilize their social skills, 

communication, intelligence, and motor development to enhance their adaptive 

functioning and, ultimately, to be more independent.  For example, preschool children are 

better able to coordinate their movements and complete fine motor tasks necessary for 

eating and dressing themselves (Berk, 2002). 

Toilet training success in preschool-age children.  Successful toilet training is a 

key adaptive behavior and developmental milestone accomplished during the preschool-

age range (i.e., age 2 to 5).  Preschool-age children use their developing social skills, 

communication, behaviors, and intellectual and adaptive functioning to successfully 

complete the toilet training process.  For example, the child must use social and 

communication skills to express his or her need to use the toilet to the caregiver, 

transition from a different activity to using the toilet, and generalize the toileting skills to 

restrooms at home, care centers, and within the community.  He or she must also have the 

intellectual functioning necessary to understand the expectations and procedures of using 
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a toilet, as well as the adaptive behaviors, such as motor skills, necessary to complete 

toileting tasks (e.g., removing clothing, flushing the toilet, and redressing).  

Not all children obtain toilet training success at the same time, however; within 

the general population, research identifies the age at which the majority of typically-

developing children should be successful.  Concerning normal toileting milestones, 

children will begin to show signs of developing readiness (i.e., the emerging muscular, 

motor, and intellectual development needed for bladder control, the fine and gross motor 

skills needed to perform toilet training tasks, and the intellectual functioning needed to 

understand toileting procedures and expectations) by 18 months (Azrin & Foxx, 1974; 

Berk, 2002), and they will continue to develop signs of readiness throughout the first part 

of the preschool-age range.  Preschool-age children develop the necessary precursor skills 

(e.g., social skills, communication, transition and generalizing behaviors, intellectual 

functioning, and adaptive behaviors) needed for the toilet training process to begin at the 

start of the preschool range (i.e., during age 2 to 3).  As such, toilet training could begin 

at 24 months (Stadtler, Gorski, & Brazelton, 1999) and continue during the preschool-age 

range.  The data reported from a 12-year, longitudinal study by Oppel, Harper, and Rider 

(1968) revealed that in a sample of 859 children, when controlling for race, sex, and 

prematurity, only 5% failed to achieve daytime dryness by the end of the preschool-age 

range, by age 5.  Recent research confirms that the majority of typically-developing 

children should accomplish daytime dryness during the preschool-age range (i.e., during 

the ages of 2 to 5) (Blum, Taubman, & Nemeth 2008).  By age 5, when most children 

start kindergarten, 95% of typically-developing children have achieved daytime dryness 

(Oppel, Harper, & Rider, 1968), which allows them greater independence, quality of life, 
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and inclusion in school or care activities (Azrin & Foxx, 1974; Kroeger & Sorensen, 

2010; Schonwald, 2009; Thomson et al., 2011).    

Autism Spectrum Disorder 

Autism Spectrum Disorder (ASD) affects approximately 1 in 68 individuals 

(Centers for Disease Control and Prevention [CDC], 2014).  According to the Diagnostic 

and Statistical Manual of Mental Disorders 4th ed., text rev. (DSM-IV-TR), Autistic 

Disorder, which is a Pervasive Developmental Disorder (PDD), includes three symptom 

domains: social relatedness, communication, and restricted, repetitive behaviors and 

interests that are present prior to the age of three (American Psychiatric Association, 

2000).  Revisions to the Diagnostic and Statistical Manual of Mental Disorders occurred 

in 2013, with the publication of the DSM-5.  The DSM-5 no longer uses the previous 

version’s classification of subtypes of PDD (Autistic Disorder, Asperger’s Disorder, 

Childhood Disintegrative Disorders, and PDD Not Otherwise Specified); rather it uses a 

single classification of Autism Spectrum Disorder.  Most individuals who met criteria for 

a PDD subtype in the DSM-IV-TR, however, should meet DSM-5 criteria for Autism 

Spectrum Disorder (ASD) (Huerta, Bishop, Duncan, Hus, & Lord, 2012).  The DSM-5 

criterion for ASD has two core symptom domains: a persistent deficit in social 

communications and interactions, and restricted, repetitive behaviors, interests, or 

activities.  Both domains must be present during the individual’s early development 

(American Psychiatric Association, 2013).  The social communication and interaction 

deficits may manifest as difficulty with nonverbal communication behaviors (e.g., lack of 

eye contact and body language) and verbal communication (e.g., not engaging in 

conversations), as well as difficulty in social situations (e.g., not sharing imaginative 
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play, developing relationships).  The restricted, repetitive behaviors, interests, or 

activities may manifest as stereotyped or repetitive motor movements, speech, or use of 

objects (e.g., flapping hands, echolalia, lining up objects), inability to change 

environment or routines (e.g., becoming upset with transitions to new places/activities, 

strict adherence to rituals and routines), intensely fixated interests (e.g., focused on a part 

of toy, perseverating on certain topics), and hyper- or hypo-reactivity to sensory input or 

environment (e.g., sensitivity to lights, sounds, or textures) (American Psychiatric 

Association, 2013).   

In addition to clinical diagnosis, children with ASD may also be eligible for 

support and services within public schools under the Individuals with Disabilities 

Education Improvement Act of 2004 (IDEIA).  To meet the current criteria for Autism 

and to qualify for special education services within public schools, a student must have a 

developmental disability affecting his or her social interactions and communication, often 

associated with repetitive and stereotyped behaviors and resistance to change in 

environment or routines, that negatively affects his or her educational performance 

(IDEIA, 2004). 

Assessment of ASD core symptoms.  According to best practices, an ASD 

assessment should be conducted using evidence-based measures to ensure an accurate 

diagnosis (Ozonoff, Goodlin-Jones & Solomon, 2005).  An ASD diagnosis is more valid 

and reliable when the clinician is able to use multiple sources of information (i.e., 

developmental history from caregiver and observations) (American Psychiatric 

Association, 2013).  Various measures, including parent interviews, questionnaires, and 

direct observations can be used during an ASD assessment.  The “gold standard” 
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measures include the Autism Diagnostic Interview – Revised (ADI-R) and the Autism 

Diagnostic Observation Schedule (ADOS) (Ozonoff et al., 2005).  The ADI-R is a semi-

structured interview conducted with a parent or caregiver.  The information provided 

during the ADI-R will include the parent’s report of the child’s social interaction and 

communication, and restricted, repetitive, and stereotyped patterns of behaviors (Rutter, 

Le Couteur, & Lord, 2008).  In addition to a parent or caregiver interview, a clinician 

may conduct a direct evaluation of a child’s core symptoms of ASD.  The Autism 

Diagnostic Observation Schedule (ADOS) is a semi-structured guide for the observation 

of the child’s social interactions, communication, and play behaviors, which allows the 

clinician to witness a child’s behaviors in response to various developmentally 

appropriate activities and materials (Lord et al., 2000).     

ASD core symptoms in preschool children.  For children with ASD, the 

preschool-age range is significant for diagnostic reasons.  As previously noted, the 

preschool-age range is marked by significant development in social interactions, 

communications, and behaviors (Berk, 2002; Heffelfinger & Mrakotsky, 2006; 

Thompson, Goodvin, & Meyer, 2006).  When parents and clinicians are aware of the 

normative development during this age range, they can more clearly identify when a child 

displays deficits in particular areas (Heffelfinger & Mrakotsky, 2006).  The ASD core 

symptoms must be present during the individual’s early developmental period; however, 

the symptoms may not fully manifest or be identified until there is an increase in social 

and communication demands which may occur at a later age (i.e., when the child starts 

attending school) (American Psychiatric Association, 2013).  According to the National 

Center for Health Statistics, a division of the Center for Disease Control, 48.7% of the 
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children diagnosed with ASD in their sample were identified as having ASD symptoms 

during the preschool-age range, and the other 51.4% were identified after age 5, when 

they had entered school (Pringle et al., 2012).         

During the Autism Diagnostic Interview – Revised (ADI-R; Rutter et al., 2008), 

the parent or caregiver is asked to describe the child’s current behavior, but also to 

describe behaviors occurring specifically during the 4 to 5 year age range.  The 

interviewer then codes these behaviors separately and uses them to complete the 

diagnostic algorithm and yield scores (Rutter et al., 2008).  The diagnostic algorithm 

score is a measure of the individual’s functioning at a time when the behaviors are 

hypothesized to be most pronounced, between the ages of 4 and 5 years old (Rutter et al., 

2008).      

ASD associated features.  In addition to exhibiting the ASD core symptoms, 

individuals with ASD, may have a deficits in intellectual functioning, warranting a 

comorbid diagnosis of Intellectual Disability, and significant deficits in adaptive behavior 

(American Psychiatric Association, 2000; Bölte & Poustka, 2003; Carter et al., 1998; 

Kanne et al., 2011; Liss et al., 2001; Ray-Subramanian, Huai, & Weismer, 2011).     

Intellectual functioning and assessment.  Intellectual functioning can be defined 

in many different ways.  Conceptually, it is the mental ability to process, store, retrieve, 

and manipulate knowledge and information to think, plan, problem-solve, learn, and act 

effectively within one’s environment (Sattler, 2008).  An assessment of intellectual 

functioning often includes the use of standardized, norm-referenced intelligence tests that 

are direct measures of certain aspects of intelligence, such as an individual’s 

communication, reasoning, comprehension, memory, concept formation, problem 
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solving, and spatial abilities.  During an intelligence test, an individual is able to respond, 

provide answers to questions, and demonstrate his or her ability to use information and 

solve problems.  Intelligence tests that result in an Intelligence Quotient (IQ) score are   

often important because they establish a certain threshold and identify deviations from 

the mean.  Individuals with IQ scores below a certain point may be classified as having 

Intellectual Disability (Sattler, 2008).  To assess the intellectual functioning of preschool 

children and to obtain an IQ score, several measures can be used, including, but not 

limited to, the Wechsler Preschool and Primary Scale of Intelligence-Fourth Edition 

(WPPSI-IV) (Wechsler, 2012), the Stanford-Binet Intelligence Scales (SB-5) (Roid, 

2003), the Mullen Scales of Early Learning (Mullen, 1995), and the Differential Ability 

Scales – Second Edition (DAS-II) Early Years Battery (Elliot, 2007).   

 Within the preschool-age ASD population, the assessment of intellectual 

functioning may be difficult; however, the assessment results can be valuable in 

determining the individual’s developmental level, identifying delays, and establishing 

prognosis (Dietz et al., 2007; Jónsdóttir et al., 2007; Lord & Schopler, 1989).  While 

intelligence scores from individuals under 5 years of age should be interpreted and used 

with caution, there is some evidence indicating that intelligence scores of preschool-age 

range children with ASD are valid and may remain fairly stable during the preschool-age 

(Dietz et al., 2007; Jónsdóttir et al., 2007) and into the school age range (Lord & 

Schopler, 1989).  When investigating intellectual functioning stability within the 

preschool-age range (mean age of 41 months at first assessment and mean age of 69 

months at second assessment), Jónsdóttir et al. (2007) found IQ was the most stable for 

preschool-age children with ASD when their IQ score (Mean = 100, SD = 15) was either 
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above 70 or below 35.  Dietz et al. (2007) found high correlations (r = .65, P ≤ .01; N = 

39) between earlier and later intellectual scores of preschool-age children with ASD, with 

scores first measured at 24 months old and then again at 43 months old.  An early study 

by Lord and Schopler (1989) noted that the initial IQ of children with ASD, first assessed 

at preschool-age (mean age of 4 years, 7 months), was predictive of IQ at a later 

assessment at school age (mean age of 9 years, 1 month) (R
2
=.81).   

Comorbid diagnosis.  It is not uncommon to see an accompanying diagnosis of 

Intellectual Disability with an ASD diagnosis (American Psychiatric Association, 2013; 

Bölte & Poustka, 2003; Carter et al., 1998).  To meet criteria for ASD, the individual’s 

deficits in social communications and interactions, and restricted, repetitive behaviors 

and interests cannot be attributed to an Intellectual Disability (ID) (American Psychiatric 

Association, 2013).  To meet DSM-5 criteria for Intellectual Disability, an individual 

must have significant sub-average intellectual functioning (i.e., IQ level that is 

approximately two standard deviations or more below average [M = 100, SD = 15]) that 

causes qualitative deficits in adaptive functioning (American Psychiatric Association, 

2013).  Under current IDEIA (2004) criteria for Intellectual Disability, a student seeking 

to qualify for special education services within the schools must have significant sub-

average intellectual functioning and deficits in adaptive functioning that affect the 

student’s educational performance.  To make an accurate, comorbid diagnosis of ASD 

and ID, the clinician must establish that the individual’s social communication is lower 

than would be expected for his/her developmental age (American Psychiatric 

Association, 2013).  The prevalence rate of comorbidity varies greatly depending on the 

sample and diagnostic criteria; however, most studies consistently report rates of 50-70% 
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of ASD cases having a comorbid diagnosis of ID (Matson & Shoemaker, 2009).  

Chakrabarti and Fombonne (2005), however, found a comorbid prevalence rate of 29.8% 

in their sample of preschool-age children.  The difference in rate may have been due to 

their age-restricted sample - only participants 4 to 6 years old were included (Chakrabarti 

& Fombonne, 2005).  

Adaptive behavior and assessment.  Adaptive behaviors are life skills necessary 

to function independently within the environment and adjust to new situations.  They are 

necessary developmental components toward self-sufficiency.  (Sparrow, Ciccetti, & 

Balla, 2005).  Adaptive behaviors can develop over time and increase with the 

individual’s age, motor development, and exposure or training (Harris & Boney, 2002).  

It is important to assess the level of adaptive behavior functioning when conducting 

psychological and developmental evaluations and determining diagnoses.  Assessing 

adaptive behavior functioning may help to predict an individual’s ability to function 

independently as well as provide insight into areas of strength and weakness (Carter et 

al., 1998; Harris & Boney, 2002; Liss et al., 2001).   

While several studies have confirmed that adaptive behavior and intellectual 

functioning are two independent constructs, they are related (Carter et al., 1998; Keith, 

Fehrmann, Harrison, & Pottebaum, 1987; Platt, Kamphaus, Cole, & Smith, 1991).  For 

example, an individual’s level of intellectual functioning dictates the obtainable level of 

adaptive behavior (Carter et al., 1998).  Keith et al. (1987) concluded that the small to 

moderate correlation between adaptive behavior and intelligence necessitates the 

evaluation of both because they provide qualitatively different information.  Unlike 

intellectual functioning that remains relatively stable over time (Heffelfinger & 
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Mrakotsky, 2006; Lord & Schopler, 1989; Sattler, 2008), adaptive behavior skills can 

show improvement with maturity and in response to interventions (Carter et al., 1998; 

Harris & Boney, 2002).   

In contrast to an intellectual assessment, which is direct, adaptive behavior 

assessment is often gathered indirectly, usually obtained from parent or caregiver reports 

(Wells, Condillac, Perry, & Factor, 2009).  Rating scales, such as the Vineland Adaptive 

Behavior Scales, Second Edition (Vineland-II) rating form, the Adaptive Behavior 

Assessment System-Second Edition (ABAS-II), or the Scales of Independent Behavior-

Revised (SIB-R), require a relatively short amount of time to complete, usually about 20 

minutes (Bruininks, Woodcock, Weatherman, & Hill, 1996; Harrison & Oakland, 2003; 

Sparrow, et al., 2005).  The parent or caregiver can complete an interview using the 

Vineland-II Survey Interview Form or Expanded Interview Form (Sparrow et al., 2005).  

This semi-structured interview method of data collection provides additional qualitative 

information through answers to open-ended questions but requires a greater amount of 

time to complete (Sparrow et al., 2005).  The Vineland-II is commonly used and is a 

prominent instrument referenced in the diagnosis of Intellectual Disability (Sparrow et 

al., 2005).    

Deficits in adaptive behavior.  Compared to their typically developing peers, 

children with ASD may have difficulty acquiring adaptive behavior skills, including 

socialization, communication, and daily living skills (Carter et al., 1998; Kanne et al., 

2011; Liss et al., 2001; Ray-Subramanian, Huai, & Weismer, 2011).  Deficits in adaptive 

behaviors, in addition to ASD core symptoms, may contribute to an individual’s 
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prognosis and to his or her level of independent functioning (Carter et al. 1998; Liss et al, 

2001).   

Measuring adaptive behavior as part of an ASD assessment can provide valuable 

information when making a differential diagnosis and can frequently identify co-

morbidity of Intellectual Disability (American Psychiatric Association, 2013; Bölte & 

Poustka, 2003; Carter et al., 1998).  Adding an adaptive behavior assessment to an autism 

assessment can also contribute to improved diagnostic accuracy (Tomanik, Pearson, 

Loveland, Lane, & Shaw, 2007).  Additionally, an adaptive functioning profile may 

indicate areas of weakness that could benefit from intervention.   

Children with ASD often have adaptive behavior profiles that indicate weaknesses 

in socialization and communication, as these domains corresponds with ASD diagnostic 

criteria (Carter et al., 1998; Kanne et al., 2011; Liss et al., 2001; Ray-Subramanian et al., 

2011).  Deficits in adaptive behavior can be detected in children as early as age 2 (Ray-

Subramanian, Huai, & Weismer, 2011).  Using scores from the Vineland-II, Ray-

Subramanian et al. (2011)  determined that young children with ASD often have an 

adaptive behavior profile with the communication domain receiving the lowest score, 

socialization the second lowest, followed by scores for daily living skills and motor 

skills.  In a sample of children age 4-17 with ASD, significant deficits were identified in 

all adaptive behavior domains, most notably in the socialization domain, of the original 

version of the Vineland Adaptive Behavior Scale (VABS) (Gillham, Carter, Volkmar, & 

Sparrow, 2000).  Kanne et al. (2011) found a similar profile when comparing Vineland-II 

domain scores from a sample of verbal children with ASD, ranging in age from 4-17 
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years old; the socialization score was the lowest and was most significantly different 

from communication and daily living scores.   

Unlike an individual with Intellectual Disability, whose intellectual functioning 

and adaptive behavior functioning are both proportionally low, a person with ASD may 

have a cognitive functioning level (i.e., IQ) that is less correlated with his or her adaptive 

functioning (Liss et al., 2001).  Research showed that individuals with “high functioning” 

ASD, as defined by cognitive test scores within the average range, were not 

demonstrating adaptive behaviors commensurate with their level of cognitive functioning 

(Kenworthy, Case, Harms, Martin, & Wallace, 2010; Liss et al. 2001), and the gap 

continues to widen with age (Gabriels, Ivers, Hill, Agnew, & McNeill, 2007; Kanne at al. 

2011;).  Kanne et al. (2011) found that within their sample, age was negatively associated 

with the Vineland-II Composite score, meaning as an individual’s age increased, his or 

her adaptive behavior functioning decreased.  This finding supports the notion that early 

intervention which focuses on the training of adaptive skills, especially communication 

and social skills, may be critical in increasing an individual’s ability to function more 

independently as an adult (Gabriels et al., 2007; Kanne et al., 2011).   

Adaptive behavior and toilet training.  There are benefits associated with 

successfully achieving toileting skills: increased overall hygiene, admittance to childcare 

facilities and activities, and, in general, a greater quality of life (Azrin & Foxx, 1974; 

Kroeger & Sorensen, 2010; Schonwald, 2009; Thomson et al., 2011).  However, it may 

be difficult for individuals with ASD, who often have significant deficits in adaptive 

functioning, to achieve toileting success within the same timeframe as their typically 

developing peers (Ando et al, 1980; Dalrymple & Ruble, 1992).  When there is a delay in 
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toilet training success or training is unsuccessful, it can cause long-term financial, 

physical, and emotional stress for families and caregivers (Kroeger & Sorensen, 2010; 

Macias, Roberts, Saylor, & Fussell, 2006).   

A growing body of research confirms that toilet training in the ASD population is 

an area of concern (Ando, Yoshimura, & Wakabayashi, 1980; Dalrymple & Ruble, 1992; 

Simonoff et al., 2008).  Ando, Yoshimura, and Wakabayashi (1980) found that children 

with autism toilet trained at significantly lower levels when compared to children with 

Intellectual Disability: only 59% of the children with autism were successfully toilet 

trained, compared to 78% of the children with Intellectual Disability.  Simonoff et al. 

(2008) investigated psychiatric comorbidity associated with a sample of children with 

ASD.  They found that 11% of the sample met DSM-IV-TR (2000) criteria for enuresis 

(Simonoff, et al., 2008).  Diagnostic criteria for enuresis require that an individual must 

be at least 5 years old and urinating into bed or clothing at least three times per week for 

a period of at least three months, or urinating into bed or clothing to the extent that it 

causes clinically significant distress or impairment in functioning, when not related to 

another medical condition (ApA, 2000). The diagnostic criteria for enuresis have 

remained the same in the revised DSM-5 (ApA, 2013).   

Given the difficulty and stress associated with toilet training in the ASD 

population, it is surprising that, to date, there continues to be limited research on the 

subject of factors, specifically the adaptive behavior deficits, which may affect toilet 

training success in the ASD population (Dalrymple & Ruble, 1992; Keen, Brannigan, & 

Cuskelly, 2007; Macias et al., 2006).  Understanding these factors may be important to 

clinicians, parents, and caregivers who could provide early interventions to overcome 
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deficits and increase the likelihood of success not only in adaptive skills but also in daily 

functioning and overall quality of life.     

Possible factors impacting daytime dryness success.  Individuals with ASD 

manifest core symptoms (e.g., deficits in social communication and interactions, and 

restricted, repetitive behaviors, interests, or activities) and often have associated features 

(e.g., comorbid diagnosis of Intellectual Disability and significant deficits in adaptive 

behavior) that may make toilet training more difficult (Azrin & Foxx, 1974; Dalrymple & 

Ruble, 1992; Lane et al., 2009; Luiselli, 1997; Schonwald, 2009; Wheeler, 2007).    

ASD core symptoms.  Social interaction and communication are important 

elements in the toilet training process that may pose challenges for preschoolers with 

ASD.  Without the adequate receptive language needed to understand and learn 

instructions and the expressive communication needed to convey needs, toilet training 

can be very difficult (Azrin & Foxx, 1974; Dalrymple & Ruble, 1992; Wheeler, 2007).  

The results from Dalrymple and Ruble (1992) showed that children with lower verbal 

abilities were less likely to be successful with toilet training.  For example, if a child with 

ASD has deficits in social interaction and communication, he or she may be unable to 

seek out attention from the caregiver and use expressive language articulate the need to 

use a toilet.     

Toilet training requires learning a new set of behaviors (e.g., removing clothing, 

sitting on the toilet, flushing, re-dressing, washing hands), transitioning from activities 

(e.g., stopping current activity to find and use a toilet), and generalizing the new 

behaviors to different settings (e.g., using the toilet at home, school, and out in the 

community).  Children with ASD exhibit restricted, repetitive behaviors, interests, or 
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activities, so they may have difficulties with learning new behaviors, transitioning, and 

generalizing activities to different settings, which can make the toilet training process 

more difficult (Dalrymple & Ruble, 1992; Luiselli, 1997; Schonwald, 2009).  Particularly 

with regards to learning to remove clothing and to wash hands, children with ASD may 

face some unique challenges.  Compared to typically developing individuals, children 

with ASD may have different sensory experiences, such as sensitivity, under-

responsivity, or sensory seeking (Lane et al. 2009; Schonwald, 2009).  They may 

experience acute sensitivity to certain temperatures, textures, or articles of clothing, 

which can make changing in and out of clothing or washing hands during the toilet 

training process uncomfortable and aversive.  Children with ASD may also have added 

difficulty with generalizing because they may become distracted or overwhelmed by 

environmental stimulation, such as lights or sounds, in different bathrooms (Wheeler, 

2007).     

 ASD associated features.  Several studies have investigated toileting issues in 

populations with intellectual disabilities.  Results indicate a significant correlation 

between intellectual delays and incontinence (Bruschini, Faria, Garcez & Srougi, 2003; 

Dalrymple & Ruble, 1992; Van Laecke et al., 2001).  Bruschini, Faria, Garcez, and 

Srougi (2003) found that in a sample of children ages seven years and older, with 

profound to severe intellectual limitations (i.e., IQ score range of 34 and below), 100% 

were incontinent.  Within a sample of children, ages 7 to 10 years old, with moderate 

intellectual limitations (i.e., IQ score ranging from 35 to 49), 69% were incontinent 

(Bruschini, Faria, Garcez, & Srougi, 2003).  Because of the difficulty in toilet training a 

child with intellectual disabilities, Azrin & Foxx (1974) suggest delaying the start of 
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toilet training until the child is at least 30 months old, or up to 5 years old if severely 

delayed (i.e., IQ score of about 30).   

In addition to ASD core symptoms, the level of intellectual functioning affects the 

likelihood of toilet training success within the ASD population (Dalrymple & Ruble, 

1992).  Survey results from the Dalrymple and Ruble (1992) study indicate that out of 

100 children diagnosed with autism, those with lower intellectual functioning were less 

likely to be successfully toilet trained and more likely to be wearing diapers after age 5.  

Specifically, 67% of children with intellectual functioning level deficits in the 

severe/profound range, as reported by the parent, were wearing diapers after age 5, 

compared to 25% of children with moderate deficits, 15% of children with mild deficits, 

and 0% with average and/or gifted abilities (Dalrymple & Ruble, 1992).   

For preschoolers with ASD, the level of general adaptive behavior deficits may 

affect the ability to achieve daytime dryness when compared to their typically developing 

peers (Ando et al, 1980; Dalrymple & Ruble, 1992).  There are several adaptive behavior 

domains, such as social interaction, communication, motor, and daily living skills, which 

are necessary precursors to toilet training (e.g., a child must be able to communicate his 

or her needs to others and understand directions from others, as well as have the motor 

skills to remove clothing, sit, flush, and re-dress).  When a preschool-age child with ASD 

exhibits adaptive behavior deficits, his or her ability to achieve daytime dryness may be 

affected; however, to date, there is limited research to connect this associated feature of 

ASD to the specific outcome of toilet training success.    

Toilet training interventions in the ASD population.  The accepted toilet training 

interventions are reactive, implemented in response to concerns, usually by parents or 
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other caregivers, once a child is having difficulty or delay in achieving this skill (Cicero 

& Pfadt, 2002; Azrin & Foxx, 1971; Kroeger & Sorensen-Burnworth, 2009; Luiselli, 

1997).  Specific interventions have been developed and studied to investigate the process 

and effectiveness of toilet training interventions in the ASD and developmental disorder 

populations.  The most widely cited and replicated interventions are the Foxx and Azrin 

Rapid Toilet Training (RTT) method (Foxx & Azrin, 1973) and different variations of 

that method.  Foxx and Azrin revised the RTT method, originally designed for adults 

with profound mental disabilities, to teach children all the necessary steps to initiate and 

use the toilet successfully in only a few hours (Foxx & Azrin, 1973).  The RTT method 

utilizes 16 components, including: graduated guidance, verbal instructions, imitation, 

continuous practice, increased fluid intake to increase frequency of urination, use of 

primary and secondary reinforcers, and progressive fading procedures to increase 

independence (Foxx & Azrin, 1973).   

Because children with ASD have communication deficits, the use of visual aids, 

such as the Picture Exchange Communication System (PECS), which display appropriate 

steps, expectations, or prompts, may be helpful when toilet training (Schonwald, 2009).  

Children with ASD may also have difficulty generalizing skills from one setting to 

another (Dalrymple & Ruble, 1992; Luiselli, 1997; Schonwald, 2009).  A child may be 

toilet trained at home, but still have difficulty generalizing those skills to the school 

setting, and may require additional support and training from school staff (Schonwald, 

2009).  Luiselli (1997) demonstrated an effective toilet training program within the 

school setting for a single subject based on staff training of antecedent control and 

consequence procedures.  Cicero and Pfadt (2002) reported successful results in their 
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sample of children with ASD who received reinforcement-based toilet training 

interventions in the school setting.   

A comprehensive review of 28 data-based articles that addressed toilet training 

interventions for children with autism found that the majority of successful training 

programs were based on the RTT method by Foxx and Azrin and included scheduled 

sitting times (Kroeger & Sorensen-Burnworth, 2009).  All successful programs utilized 

behavioral strategies (Kroeger & Sorensen-Burnworth, 2009).  The method name may 

have changed, and relevant components may have varied slightly, but within the toilet 

training literature several behavioral principles remained constant, particularly the use of 

positive reinforcement, chaining, and prompting.   

ASD treatments.  From a bioecological model of human development, it is 

important to consider not only the factors within the child, but also the environmental 

context and factors within various systems and how these factors affect the child 

(Bronfenbrenner & Morris, 2006).  The majority of children with ASD receive a variety 

of therapies and treatments after diagnosis (Bowker, D’Angelo, Hicks, & Wells, 2011; 

Goin-Kochel, Mackintosh, & Myers, 2009; Green et al., 2006; Pringle et al., 2012).  

These interventions may include therapies, such as behavioral, speech/language, and 

occupational, and treatments, such as biomedical or medication (Adams, 2007; Bowker et 

al., 2011; Brown et al., 2008; Goin-Kochel, Mackintosh, & Myers, 2009; Green et al., 

2006; Pringle et al., 2012).   

Therapies are designed to improve skill deficits through teaching and learning.  

Specifically, behavioral therapies can increase compliant behaviors, as well as social and 

communication skills; speech/language therapies can improve social and communication 
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skills; and occupational therapies can improve motor/daily living skills (Bowker et al., 

2011; Brown et al., 2008).  Behavioral therapy, speech therapy, and occupational therapy 

are among the most commonly-used types of interventions for children with ASD 

(Bowker et al., 2011; Goin-Kochel, Mackintosh, & Myers, 2009; Green et al., 2006; 

Pringle et al., 2012).   

Behavioral therapies are often based on principles of ABA and include pivotal 

response, discrete trial, and early intensive behavioral intervention (EIBI), all of which 

utilize learning theory principles to target and enhance socially relevant behaviors and to 

decrease problematic behaviors (e.g., self-injury) (Brown et al., 2008; Smith, 2010).  

Children receiving behavioral therapies will learn a variety of different behaviors through 

direct interactions with the therapist, clear instructions and practice, implementation of 

prompting and fading procedures, and reinforcement of target behaviors.  Depending on 

the target behavior, a child may learn, for example, to increase compliance in response to 

others’ requests, to engage in social interaction behaviors such as eye contact and joint 

attention, to improve communication skills, such as vocabulary needed to converse with 

others or make requests, or to strengthen motor skills necessary to complete tasks more 

independently (Brown et al., 2008; Smith, 2010).   

There are several research studies that confirm the effectiveness of behavioral 

therapy for children with autism.  With respect to treatment method, results, and 

replication, the most notable research is from Lovaas (1987) and his University of 

California at Los Angeles Applied Behavior Analysis (UCLA ABA) experiment.  Lovaas 

(1987) documented the effectiveness of intensive and long-term behavioral treatment for 

children with autism.  Of the children in his treatment group, who received at least 40 
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hours per week of one-to-one behavioral treatment from trained therapists, 47% were 

reported to have normal-range IQ scores and demonstrated educational functioning 

appropriate for mainstream public school classrooms after at least two years of treatment 

(Lovaas, 1987).  Children from the control group received the same one-to-one 

behavioral treatment, but for less than 10 hours per week for at least two years.  These 

children showed less improvement when compared to the treatment group, with only two 

percent who demonstrated intellectual functioning in the normal range and mainstream 

educational placement at the follow-up assessment (Lovaas, 1987).  In one replication 

study, using the Lovaas-based UCLA ABA method, children with autism who received 

the intensive behavioral treatment for a mean of 36 hours per week showed significant 

improvements in intellectual and adaptive behavior functioning after one year of 

treatment (Hayward, Eikeseth, Gale, & Morgan, 2009).  Eikesth, Smith, Jahr, and Eldevik 

(2002) investigated the effectiveness of intensive behavioral treatment within the school 

setting.  Children, who received intensive behavioral treatment for at least 20 hours per 

week for one year from a trained therapist within the school setting, demonstrated 

significant gains on intellectual and adaptive behavior measures (Eikesth, Smith, Jahr, & 

Eldevik, 2002).  Research utilizing early intensive behavioral therapy for children with 

autism, especially when the therapy hours range from 20 to 40 hours per week and 

treatment lasts for at least one year, is well documented, and the results consistently 

indicate children can make significant gains in intellectual and adaptive behavior 

functioning following treatment (Eldevik et al., 2009; Eikesth et al., 2002; Hayward et al, 

2009; Howlin, Magiati, & Charman, 2009; Lovaas, 1987; Reichow, 2012; Reichow & 

Wolery, 2009).                        
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Speech therapy is designed to increase the specific behaviors necessary for 

socialization and communication: oral-movement behaviors, articulation and volume, 

vocabulary, and behaviors necessary to initiate and engage in conversations with others 

(Sheppard, 1999).  Children with ASD can struggle with various aspects of socialization 

and communication.  For preschool-age children with ASD, the syntax (i.e., form), 

semantics (i.e., meaning), and pragmatics (i.e., use) of language are areas of particular 

difficulty (Geurts & Embrechts, 2008; Rapin & Dunn, 1997), which can be addressed 

with speech therapy.  When a child’s speech or language is severely impaired, a speech 

language pathologist (SLP) may utilize alternative forms of communication, such as a 

picture exchange communication system (PECS), sign language, or computer programs, 

to help the child (Sheppard, 1999).         

Occupational therapy is designed to increase an individual’s ability to function, be 

productive, complete self-care tasks, and participate in leisure activities (Hong & 

Howard, 2002).  The goals of occupational therapy are accomplished by using methods, 

such as learning theory principles, sensory integration, and sensory motor stimulation, to 

acquire new adaptive behavior skills (Hong & Howard, 2002).  According to a survey of 

occupational therapists who work with children with ASD, the following skills are 

targeted most frequently during treatment: activities of daily living, coordination, 

behavior, social skills, and fine and gross motor skills (Watling, Deitz, Kanny, & 

McLaughlin, 1999).        

While none of these interventions specifically target toilet training, one may 

hypothesize that toilet training success may increase when a child participates in 

therapies that target the necessary precursor skills.  Specifically, behavioral, 
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speech/language, and occupational therapies can improve compliance, social, 

communication, motor, and daily living skills.  Further research is needed to determine 

how participation in various types of treatment not directly targeting toileting may relate 

to success in toilet training.   

Results from Previous Study  

A previous candidacy study was completed to investigate the possible factors 

affecting whether and when a child with ASD would achieve daytime dryness (Faulkner, 

2012).  The research was conducted using all participants from the Simons Simplex 

Collection (SSC) archival data set.  With respect to the possible factors, the results of the 

previous study were inconsistent with the current research base. 

Results from the previous study indicated that, within a large sample of children 

with confirmed ASD diagnoses (n= 584), many did not achieve daytime dryness within 

the expected timeframe of typically developing children (Faulkner, 2012).  The results of 

a chi-square test showed a significant difference between the ASD sample and the Oppel 

et al. (1968) model timeframe of typically developing children.  The previous study 

results indicated that only 79% percent of the sample had achieved daytime dryness by 

age 5, 94% by age 10, and 95% by age 12.  Although 95% of typically developing 

children achieve daytime dryness by age 5 (Oppel et al., 1968), a lower percentage (79%) 

of children with ASD do so.  By contrast, a larger percentage of children with ASD (14% 

in the previous study results compared to 4% in the general population [Oppel et al., 

1968]) achieve daytime dryness between the ages of 5 and 10.  Although nearly all the 

children in the previous study had achieved daytime dryness by age 10, approximately 

5% of children with ASD were still not dry by the age of 12 (Faulkner, 2012).   
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When a school-age child is not toilet trained, school placement, inclusion in social 

activities, hygiene, and level of independent functioning are often impacted (Azrin & 

Foxx, 1974; Kroeger & Sorensen, 2010; Schonwald, 2009; Thomson et al., 2011).  

Understanding that children in the ASD population may achieve toilet training skills in a 

different timeframe than typically developing children will help clinicians, parents, and 

caregivers to have more reasonable expectations and to set more appropriate goals.  

However, without knowing which factors affect success, it is impossible to identify, 

particularly at an early age, which children will have difficulty achieving daytime dryness 

and will need additional interventions in order to target this problem area.  The previous 

study investigated the ASD core symptoms, as measured by the   ADI-R diagnostic 

domains (i.e., Verbal and Nonverbal Communication, Social Interaction, and the 

Restricted, Repetitive, and Stereotyped Behavior (RRSB) domain scores), and an ASD 

associated feature of intellectual function, as measured by a full scale intelligence 

quotient (FSIQ) derived from the DAS-II intelligence test, to investigate whether these 

factors would predict if and/or when a child with ASD would achieve daytime dryness.   

ASD core symptoms as predictors.  Given the amount of research confirming 

necessary precursor behaviors to toilet training (i.e., a child needs to have adequate social 

and communication skills, as well as an ability to transition to various tasks and 

generalize newly learned behaviors to different settings) and the relationship of these 

behaviors to the ASD core symptoms (i.e., a child with ASD has deficits in social and 

communication skills, as well as restricted, repetitive, and stereotyped behaviors which 

may make different sensory experiences, transitions, and generalizations difficult), it was 
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hypothesized that the core symptoms would predict if and/or when a child with ASD 

would achieve daytime dryness.    

Predicting if a child with ASD can achieve daytime dryness.  The results from a 

logistic regression analysis from this author’s previous study, with no age restrictions in 

place, indicated that all of the domains from the ADI-R were significant predictors in 

determining if a child with ASD would achieve daytime dryness (Faulkner, 2012).  

Because children with ASD have deficits in social interaction and verbal communication, 

they may have trouble communicating their need to use the toilet; it was, therefore, 

hypothesized that children with greater impairment in those areas would be less likely to 

achieve daytime dryness.  However, Social Interaction (p = .000) and Verbal 

Communication (p = .000) scores were positively related to the outcome variable.  This 

unexpected finding showed that higher scores from the ADI-R Social Interaction and 

Verbal Communication domains, indicating a greater level of impairment in these areas, 

predicted higher likelihood of the child achieving daytime dryness (Faulkner, 2012).   

Because children with ASD have restrictive, repetitive, and stereotyped behaviors, 

they may have difficulty with transitions to different activities and generalization of skills 

to new settings, as well as different sensory experiences that can make toilet training 

difficult (Dalrymple & Ruble, 1992; Luiselli, 1997; Schonwald, 2009; Wheeler, 2007).  It 

was, therefore, hypothesized in the previous study that children with a greater degree of 

impairment in these areas would be less likely to achieve daytime dryness.  As expected, 

Restricted Repetitive Stereotyped Patterns of Behavior (RRSPB) (p = .20) scores from 

the ADI-R were statistically significant predictors of achieving daytime dryness.  
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Specifically, higher RRSPB impairment was associated with lower likelihood of a child 

achieving daytime dryness (Faulkner, 2012).   

Predicting when a child with ASD will achieve daytime dryness.  Previous 

research also investigated the predictive value of the ASD core symptoms in determining 

the age of achieving daytime dryness (Faulkner, 2012).  There were no age restrictions 

set during this analysis; all participants who had achieved daytime dryness were included.  

Results from the multiple linear regression analysis indicated that the ADI-R diagnostic 

domain scores were significant predictors in determining the age at which a child with 

ASD achieved daytime dryness.  Greater impairment in Social Interaction (β = .19, p = 

.000), Nonverbal Communication (β = .14, p = .000), and the Restrictive, Repetitive, and 

Stereotyped Behavior (RRSB) (β = .09, p = .000) were positively related to the age of 

achieving daytime dryness, meaning that children with greater impairment in these 

diagnostic domain areas achieved daytime dryness at a later age.  The Verbal 

Communication scores (β = -.11, p = .000) were negatively related to the age of 

achieving daytime dryness, meaning that children with more impairment in verbal 

communication achieved daytime dryness at an earlier age (Faulkner, 2012).  Given the 

literature that suggests verbal communication is a necessary part of the toilet training 

process (Azrin & Foxx, 1974; Wheeler, 2007), this finding was unexpected.   

Intellectual functioning as a predictor.  Substantial evidence in the literature 

confirms the correlation between intellectual functioning and successful toilet training 

(Azrin & Foxx, 1974; Bruschini et al., 2003; Dalrymple & Ruble, 1992; Van Laecke et 

al., 2001).  However, in a large, well-characterized sample of children and adolescents 
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with ASD, intellectual functioning was not a significant predictor in determining 

whether, or at what age, a child with ASD achieved daytime dryness (Faulkner, 2012).   

Conclusions from previous study results.  The previous study results were 

largely unexpected and incongruent with the literature that typically associates greater 

difficulty in toilet training with impairments in social interactions, communication, and 

intellectual functioning.  Specifically, the previous study results suggested that children 

with ASD who had greater impairment in social interaction and verbal communication 

are more likely to achieve daytime dryness, and children with ASD who had high degrees 

of impairment in verbal communication achieve dryness at earlier ages.  Results also 

suggested that intellectual functioning was not a significant predictor in determining the 

likelihood of whether or when a child with ASD would achieve daytime dryness.   

Several possibilities should be considered to explain these surprising findings.  

First, children with a high degree of impairment in verbal communication and social 

interaction may receive interventions, such as behavioral, speech, or occupational 

therapy, to address their social and communication deficits.  Perhaps these treatments 

themselves - or simply the process of receiving interventions - increased children’s 

compliance, language abilities, motor skills, and/or social skills and may have thereby 

increased the likelihood of achieving daytime dryness.  It was hypothesized that the 

treatment acted as a third moderator variable and, as such, may have affected the 

direction of the relation between daytime dryness and the two ASD core symptoms of 

verbal communication and social interaction.   

Second, the analyses were completed without age restrictions.  That is, data were 

analyzed for all children and adolescents within the archival Simon Simplex Collection 
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(SSC) data set, which included probands between ages 4 and 17.  It is important to note 

that the ADI-R diagnostic algorithm score is a measure of the individual’s functioning at a 

time when the behaviors are most pronounced, between the ages of 4 and 5 (Rutter et al., 

2008).  At the time of the SSC data collection, however, many children were older than 5 

years, and the ADI-R diagnostic algorithm scores for these older children were based on 

retrospective parent report, requiring parents to recall several years prior.  Therefore, the 

data, including the ADI-R scores from which these reports were derived, may not have 

been an accurate reflection of the child’s functioning during the ages of 4 to 5.  It was 

hypothesized that the potential for inaccurate reflection, especially for the ADI-R scores 

of older children, may have resulted in erroneous data, which, in turn, may have 

contributed to the surprising findings in the previous candidacy research.       

Lastly, the unexpected results from investigating intellectual functioning as a 

possible factor may have been a product of restricting the sample to only those with DAS-

II scores.  Several measures of intelligence were used by the SSC researchers.  The 

selected measure was determined based on the child’s age and verbal abilities.  The 

Differential Ability Scales, 2
nd

 Edition (DAS-II) was administered to almost 90% of the 

participants (Kanne et al., 2011); however, if it was determined that a participant’s age or 

verbal abilities were not at a level needed to complete the DAS-II, then an alternate 

measure was administered instead (e.g., the Mullen Scales of Early Learning).  By 

restricting the sample to only those with DAS-II scores, perhaps subjects with lower 

intellectual functioning and/or lower verbal abilities were inadvertently excluded from 

the analysis, skewing the sample by including participants with higher intellectual 

functioning and higher verbal abilities.       
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Need for Further Research  

Preschool-age children experience significant developments in social interaction, 

communication, and behavior, as well as increased intellectual and adaptive functioning 

(Berk, 2002; Heffelfinger & Mrakotsky, 2006; Thompson, Goodvin, & Meyer, 2006).  

Toilet training is a key developmental milestone during the preschool-age range, and 

95% of typically-developing children will achieve daytime dryness by age 5 (Oppel et al., 

1968).  Failing to achieve daytime dryness by age 5 is not only outside the range of 

normative development, but also a hindrance to a child’s level of independent 

functioning, inclusion, and quality of life (Azrin & Foxx, 1974; Kroeger & Sorensen, 

2010; Schonwald, 2009; Thomson et al., 2011).  A lack of daytime dryness by age 5 may 

also warrant a diagnosis of enuresis (American Psychiatric Association, 2013).  

Understanding the normative development of preschool-age children and the skills and 

behaviors necessary for toilet training, parents and clinicians can better identify deficits 

and delays that may hinder success.       

Currently, the majority of knowledge related to toilet training success is drawn 

from populations of children who are either typically developing or intellectually 

disabled, but these children may or may not accurately represent the unique aspects of the 

ASD population.  The toilet training literature, to date, focuses on interventions in 

response to children who have difficulty obtaining toileting success (Foxx & Azrin, 1973; 

Kroeger & Sorensen-Burnworth, 2009), while the predictive factors needed to identify 

children who may have difficulty achieving daytime dryness, specifically within the 

preschool years, remain uncertain.     
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How ASD core symptoms and associated features, as well as participation in 

various types of treatment, may affect toilet training success in preschool-age children 

with ASD needs to be investigated.  The core symptoms of ASD align with the necessary 

toileting precursor skills and behaviors: social communication and interactions, which are 

needed to understand others and express needs, and behaviors, such as transitioning to 

activities and generalizing skills to different settings, are the specific areas of deficit that 

warrant a diagnosis of ASD.  However, there is a lack of research to understand the 

relationship between the severity of the ASD core symptoms and the specific outcome 

variable of achieving daytime dryness.  Additionally, individuals with ASD frequently 

exhibit associated features of intellectual functioning and adaptive behavior deficits.  

Research confirms a relationship between intellectual functioning and toilet training 

success in children with ID; however, it is unknown if intellectual functioning predicts 

whether a preschool-age child with ASD achieves daytime dryness.  Children with ASD 

may also have adaptive behavior deficits in the areas of social interaction, 

communication, motor, and daily living skills.  Unfortunately, there is little evidence to 

show how these functional deficits connect to success in achieving daytime dryness.   

Lastly, children with ASD may receive a variety of treatments, most commonly 

behavioral, speech, and occupational therapy (Bowker et al., 2011; Goin-Kochel, 

Mackintosh, & Myers,2009; Green et al., 2006; Pringle et al., 2012).  While not targeting 

toileting specifically, these treatments may improve the necessary toilet training 

precursor skills (i.e., by increasing compliance, social communication and interactions, 

motor, and daily living skills), and success may increase with the child’s participation; 

however, further data-based research is needed to determine how participation in 
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treatments may affect the direction or strength of the relation between success in toilet 

training and the ASD core symptoms/associated features (e.g., social interaction, 

communication, restricted repetitive and stereotyped behaviors, and intellectual and 

adaptive behavior deficits).   

The knowledge related to the toilet training success of preschool-age children 

with ASD needs to be expanded to facilitate a proactive stance, wherein parents and 

clinicians may be better able to identify children who are likely to have difficulty with 

toileting success and subsequently provide early interventions to increase their likelihood 

of success.  Further analyses, with an age-restricted sample and inclusion of lower-

functioning children, and consideration of participation in different types of treatment 

may provide insight into the factors affecting this important developmental success.  
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Purpose of Current Study 

Children with ASD often have difficulty achieving toileting success (Ando, 

Yoshimura, & Wakabayashi, 1980; Dalrymple & Ruble, 1992; Simonoff et al., 2008).  

Results from previous study indicate that children with ASD do not achieve daytime 

dryness within the expected timeframe of typically developing children (Faulkner, 2012).  

There is limited data-based research investigating factors that affect toilet training 

success in the ASD population.  Children with ASD demonstrate unique diagnostic core 

symptoms, including deficits in social interactions and communication, and restricted, 

repetitive behaviors, interests, or activities; they may also demonstrate associated 

features, such as deficits in intellectual functioning and adaptive behavior.  It is unknown, 

however, if these deficits may be significant in predicting whether a preschool-age child 

will achieve daytime dryness.  It is also unknown if the type or extent of treatment 

participation, while not directly targeting toilet training, affects the relation between the 

ASD core symptoms/associated features and the achievement of daytime dryness by the 

age of five.   

Understanding the specific characteristics of preschoolers with ASD (e.g., ASD 

core symptoms and associated features), as well as their treatment participation, may 

enhance the identification of children who are likely to have difficulty with toilet training 

in order to provide early interventions necessary to increase the likelihood of success.  It 

might also lead to a greater understanding of how treatment functions as a possible 

moderator.  This study aimed to contribute to the understanding of predictive factors 

(e.g., ASD core symptoms, associated features of intellectual functioning and adaptive 
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behavior, and treatment participation) that may affect achievement of an important 

developmental skill--daytime dryness--in preschool-age children with ASD.   

Several research questions were central to the current study.  First, what are the 

adaptive behavior relative and normative strengths and weaknesses and intellectual 

functioning characteristics for a sample of preschool children with ASD?  Second, what 

factors predict whether a preschool-age child with ASD achieves daytime dryness?  

Third, what is the predictive validity of the factors that are significant in determining 

whether a preschool-age child with ASD achieves daytime dryness?  Fourth, does adding 

the reported history of treatment type and extent to the model, as a moderator, affect the 

direction or strength of the relation between the ASD core symptoms/associated features 

and the achievement of daytime dryness by age five? 

With regards to the first research question, intellectual functioning and adaptive 

behavior skills are important precursors to successful toileting; therefore, identifying the 

normative and relative strengths and weaknesses unique to a population of preschoolers 

with ASD is important.  Children with ASD often have normative deficits in intellectual 

functioning, warranting a co-morbid diagnosis of Intellectual Disability (American 

Psychiatric Association, 2013; Bölte & Poustka, 2003; Carter et al., 1998).  By definition 

under the DSM-5, Intellectual Disability requires a significant impairment in intellectual 

functioning that impacts adaptive behavior (ApA, 2013).  The prevalence rates of 

individuals with ASD and a comorbid diagnosis of Intellectual Disability can vary 

depending on criteria and sample (Matson & Shoemaker, 2009).  Within a sample of 

preschool-age children, Chakrabarti and Fombonne (2005) found a comorbid prevalence 

rate of 29.8%.   
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Based on research from Ray-Subramanian et al. (2011), preschool children with 

ASD have a distinctive adaptive behavior profile.  The findings suggest that children with 

ASD may demonstrate relative strengths in the areas of motor skills and daily living skills 

but relative weaknesses in social interaction and communication.  In the current study, it 

was expected that the characteristics of intellectual functioning and adaptive behavior 

would be similar to those identified in previous studies conducted by Chakrabarti and 

Fombonne (2005) and Ray-Subramanian et al. (2011).  Specifically, based on Chakrabarti 

and Fombonne (2005), it was reasonable to expect approximately 30% of FSIQ scores of 

preschoolers with ASD would indicate normative weaknesses, falling within the ID 

range.  Further, as in the  Ray-Subramanian et al. (2011) study, overall adaptive behavior 

functioning was expected to reveal normative deficits (i.e., compared to same-age, 

typically developing peers), and motor skills and daily living skills were expected to be 

relatively higher than social interaction and communication skills within a sample of 

preschool-age children with ASD.  Investigating the unique intellectual and adaptive 

behavior functioning profiles in a sample of preschool-age children would in part serve as 

a replication and an extension of previous studies conducted by Chakrabarti and 

Fombonne (2005) and Ray-Subramanian et al. (2011).  It would also increase 

understanding of the normative and relative strengths and weaknesses in two functioning 

domains that are crucial to successful toilet training.   

In addition to understanding the key characteristics of intellectual and adaptive 

behavior functioning within a preschool-age ASD population, this study aimed to answer 

a second research question by investigating whether these factors, as well as ASD core 

symptoms, contributed to an ASD preschool child’s achievement of daytime dryness.  
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Children with lower intellectual functioning have higher levels of incontinence when 

compared to their typically developing peers (Bruschini et al., 2003; Dalrymple & Ruble, 

1992; Van Laecke et al., 2001).  For this reason, it is hypothesized that intellectual 

functioning, determined by full-scale IQ scores, would predict whether a child with ASD 

achieved daytime dryness.  Specifically, it was hypothesized that children with ASD, 

who have lower than average IQ scores, would not achieve daytime dryness within the 

preschool age-range.  Adaptive behavior skills, especially daily living and motor skills 

are required in the toilet training process (Azrin & Foxx, 1974; Kroeger & Sorensen, 

2010; Schonwald, 2009; Thomson et al., 2011), so it was expected that a greater 

impairment in adaptive behavior patterns (e.g., communication, social interaction, daily 

living, and motor skills) would predict that the preschool-age child with ASD would not 

achieve daytime dryness.   

ASD core symptoms were also investigated to determine their effect on the 

achievement of daytime dryness.  The ASD core symptoms include social interaction, 

communication, and RRSB.  Social interaction and communication skills are critical to 

successful toilet training, and deficits in these areas may lessen the likelihood of 

achieving daytime dryness within the expected developmental period (Azrin & Foxx, 

1974; Dalrymple & Ruble 1992; & Wheeler 2007).  Within the current study, it was 

expected that lower socialization and communication skills would predict that the child 

with ASD would not achieve daytime dryness within the preschool-age time period.  

Restrictive, repetitive, and stereotyped behaviors can affect the ability of children with 

ASD to transition and generalize behaviors, and these children frequently display 

behaviors, such as sensitivity to or preoccupation with environmental stimuli, that may 
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affect their ability to achieve toileting skills (Dalrymple & Ruble, 1992; Luiselli, 1997; 

Schonwald, 2009; Wheeler, 2007).  As such, it was expected that these behavioral 

patterns would be related to daytime dryness in preschoolers with ASD.  Within the 

current study, it was expected that high degrees of restrictive, repetitive, and stereotyped 

behaviors would predict that the preschool-age child with ASD would not achieve 

daytime dryness by the age of 5 years.  

A third research question of interest within the proposed study was related to 

identifying the predictive validity of the factors that are significant in determining 

whether a preschool-age child with ASD achieves daytime dryness.  That is, this research 

question attempted to determine the representation of daytime dryness across varying 

levels of predictive variables and to identify an absolute threshold that could predict 

daytime dryness for children with ASD.  It was unknown if measures used to assess ASD 

core symptoms could provide accurate threshold scores for determining the ASD 

preschool-age child’s ability to achieve daytime dryness.  Regression-based analyses to 

determine what factors predict success would provide qualitative information, and 

determining the predictive validity would add a quantitative element to the research by 

investigating the descriptive utility of the factors and establishing thresholds at which the 

factors are likely to be predictive.  Within the current study, it was expected that there 

would be a threshold score on the significantly predictive phenotypic measures that 

would accurately predict daytime dryness for children with ASD, such that those with 

scores below the threshold would not achieve daytime dryness, and those with scores 

above the threshold would achieve daytime dryness during the preschool-age range.  

Similar to the Bruschini, Faria, Garcez, and Srougi (2003) study which found that 100% 



38 

 

 

of children, with IQ scores of 34 and below were not toilet trained, it was expected that, 

within a preschool-age sample of children with ASD, a threshold IQ score could be 

determined that would also predict the child’s ability to achieve daytime dryness within 

the preschool-age range.   

Finally, the results from the previous candidacy study produced unexpected 

relations between ASD core symptoms and daytime dryness success (i.e., children with 

greater impairment in social interaction and verbal communication are more likely to 

achieve daytime dryness), which prompted a hypothesis that perhaps treatment was a 

moderator variable affecting the direction of the relation (Faulkner, 2012).  The current 

study investigated if the addition of treatment as a potential moderator would affect the 

relation between the ASD core symptoms/associated features and the achievement of 

daytime dryness during the preschool years.   

Although there is no cure for ASD, children with ASD often receive numerous 

and varied treatments including intensive behavioral, speech/language, and/or 

occupational therapies (Adams, 2007; Bowker, D’Angelo, Hicks, & Wells, 2011; & 

Brown et al., 2008).  Children usually do not receive formalized treatments specifically 

targeting the acquisition of toileting skills until they have demonstrated an inability to 

achieve success (Kroeger & Sorensen-Burnworth, 2009).  However, as previously noted, 

many interrelated skills are required for developing daytime dryness, including 

compliance, social, communication, and motor (Azrin & Foxx, 1974; Berk, 2002; 

Dalrymple & Ruble 1992; Kroeger & Sorensen, 2010; Schonwald, 2009; Thomson et al., 

2011; & Wheeler 2007).  It was unknown how general therapy participation may affect 

the relation between the ASD core symptoms/associated features and the specific 
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outcome variable of daytime dryness for children with ASD, but enhanced insight in this 

area was needed.  Because compliance, social, communication, and motor are necessary 

skills during the toilet training process, treatments targeting these skill sets (i.e., intensive 

behavioral therapy, speech/language therapy, occupational therapy) may be related to the 

achievement of daytime dryness by age five for preschool-age children with ASD.  

Within the current study, it was expected that participation, especially with 

greater intensity and longer duration, in treatments such as intensive behavioral, 

speech/language, and occupational therapy--even though these treatments may not 

directly target acquisition of toilet training skills--would be related to the ASD child’s 

achievement of daytime dryness by age five.  For examle, given the research indicating 

that children who receive at least 20 hours per week of intensive behavioral therapy for a 

period of at least one year make improvements in adaptive behavior (Hayward et al., 

2009;  Eikesth et al., 2002), it was expected that adding participation in intensive 

behavioral therapy, with intensity of at least 20 hours per week and with a duration of at 

least one year (i.e., total treatment hours of at least 1040 during the preschool age range) 

as a moderator variable would increase the likelihood of a child with ASD achieving 

daytime dryness by age 60 months.     

 

 



 

 

Method 

Procedure 

This study included archival data collected from preschool-age children with ASD 

and their families who participated in the Simons Foundation Autism Research Initiative 

(SFARI) funded Simons Simplex Collection (SSC).  The University of Houston’s 

Institutional Review Board (IRB) and the SFARI provided approval prior to receiving 

and analyzing the data.  The SSC includes both genetic and phenotypic data from more 

than 2,700 families (Simons Simplex Collection, 2013).  SSC participants were evaluated 

by trained researchers at 12 different university-affiliated medical clinics throughout the 

United States: Baylor College of Medicine, University of Washington, University of 

Illinois at Chicago, McGill University, UCLA, Yale University, University of Michigan, 

University of Missouri, Columbia University, Children’s Hospital Boston/Harvard, 

Vanderbilt University, and Emory University (Simons Simplex Collection, 2013).   

Participants 

Eligibility for SSC participation required families to meet strict inclusion criteria.  

Each family had one child diagnosed with ASD who was at least 4 years old, with one or 

more siblings not diagnosed with ASD who were also at least 4 years old.  Additionally, 

neither biological parent was diagnosed with ASD.  Participants were excluded if the 

child did not meet diagnostic criteria for ASD; if the child’s parents, siblings, second-

degree, or third-degree relatives were determined to have ASD; if there were pregnancy 

or perinatal complications (e.g., less than 36 weeks gestation and less than 2000 grams at 

birth, birth injury, or complications requiring more than three days of hospital care); or if 

the child had a nonverbal mental age that was 18 months or below (Fischbach & Lord, 



41 

 

 

2010; SFARI Researcher, 2010).  SSC researchers used several different measures (e.g., 

Mullen Scales of Early Learning (Mullen, 1995) and Differential Ability Scales, 2nd 

Edition (DAS-II) (Elliot, 2007)) to assess intellectual functioning of each participant 

(SFARI Researcher, 2010).  Global Unique Identifiers (GUIDs) were used to protect the 

participants’ identities.  Each of the 12 SSC sites retained personal identifier information 

at its location and transmitted deidentified GUIDs to a central database (Fischbach & 

Lord, 2010).   

Sample 

Because the target population was preschool-aged (i.e., ages 2 to 5) children, only 

data from children who were age 71 months and below at the time of participation in the 

SSC were included in the sample.  Specifically, the age of participants ranged from 48 to 

71 months.  This age range represents a time period of growth and development, when 

most children will be toilet training (Azrin & Foxx, 1974; Berk, 2002; Heffelfinger & 

Mrakotsky, 2006; Oppel, Harper, and Rider, 1968; Stadtler, Gorski, & Brazelton, 1999; 

Thompson, Goodvin, & Meyer, 2006) and when ASD symptoms are most notable 

(Rutter, Le Couteur, & Lord, 2008).  The decision to include only participants age 71 

months and below created a sample of children not only at a preschool-age (i.e., ages 2 to 

5), but also in an age range in which toileting success, namely achieving daytime dryness, 

typically occurs (i.e., by age 5, 95% of typically-developing children have achieved 

daytime dryness [Oppel, Harper, & Rider, 1968]).   

The sample included the archival data from a total of 637 participants; only two 

participants in the targeted age range were excluded from analysis because data were not 

available regarding whether they had achieved bladder control.   
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Demographic data were obtained from the SSC-created background history form, 

collected via phone interview with the parents during the family’s SSC participation 

(SFARI Researcher, 2010).  Within the sample of 637 participants, 86% percent of the 

participants were male, and 14% were female.  The majority of the sample included 

white, non-Hispanic participants (77% white, 87% non-Hispanic).  The reported 

diagnosis for 86% of the participants was autism; 13% were diagnosed with autism 

spectrum disorder, and 1% were diagnosed with Asperger’s.  The frequency and 

percentages are listed in Table 1.   

Table 1  

Demographic Data of Sample  

Gender Frequency % 

Male 549 86 

Female  88 14 

Age Ranges   

48-59 Months (4 years old) 329 52 

60-71 Months (5 years old) 308 48 

Race   

White 491 77 

More than one race 54 9 

Other 31 5 

Asian 29 5 

African American 27 4 

Not Specified 4 0.6 

Native American 1 0.2 

Ethnicity   

Non-Hispanic 554 87 

Hispanic 82 13 

DSM-IV-TR Diagnosis   

Autism  547 86 

Autism Spectrum Disorder 84 13 

Asperger’s  6 1 

Note.  n=637. 
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Measures 

Extensive phenotypic data were collected from the SSC children and their 

families.  The children were evaluated with “gold standard” diagnostic measures (e.g., the 

Autism Diagnostic Interview - Revised (ADI-R) [Rutter et al., 2008] and the Autism 

Diagnostic Observation Schedule (ADOS) [Lord et al., 2000]) by research-reliable 

examiners to ensure they met diagnostic criteria for ASD.  Other measures were used to 

determine intellectual functioning and adaptive behavior (Fischbach & Lord, 2010).  For 

the current study, data from measures were identified that would provide information 

regarding the child’s ASD core symptoms, intellectual and adaptive behavior functioning,  

and his/her participation in treatment.  Details regarding these domains and how they 

were measured for this study are included in the subsequent paragraphs.   

Age of achieving daytime dryness.  The ADI-R includes early development 

questions that focus on major milestones, including toilet training (Rutter et al., 2008).  

The SSC research-reliable examiners coded the child’s age, in months, at the time of the 

last daytime accident before a 12 month period of no accidents.  This is then the age at 

which the child achieved daytime dryness.  The researcher could also enter a code 

indicating the child was not daytime dry due to a variety of reasons (e.g., the child was 

toilet trained but regressed and was no longer daytime dry, he/she never achieved 

daytime dryness, or he/she was currently toilet training but had not yet reached twelve 

months with no accidents).  This single-item from the ADI-R (i.e., the acquisition of 

bladder control: daytime) was used as an outcome variable (i.e., categorical: the child was 

or was not successful; and continuous: the age at time of daytime dryness).    
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ASD core symptoms.  All children within the SSC, and therefore within this 

study’s sample, necessarily had confirmed ASD diagnoses.  The ASD core symptoms 

(social interaction, communication, and restricted, repetitive, and stereotyped behaviors) 

were included within the analyses as predictor variables.  Specifically, these symptoms 

were captured from the ADI-R, which provides a diagnostic algorithm for autism based 

on an interview of parents or caregivers.  The diagnostic algorithm provides an 

interpretation of the ADI-R assessment results for the purpose of establishing an ASD 

diagnosis (Rutter et al., 2008).  The 93 items from the ADI-R provide information about 

three behavioral domains: abnormalities in reciprocal social interaction, abnormalities in 

communication, and restricted, repetitive, and stereotyped patterns of behavior.  The 

ADI-R manual cites several studies that confirm the strong reliability and validity of the 

measure, and the measure is widely considered to be the “gold standard” for ASD 

diagnosis (Constantino et al., 2003; Ozonoff, Goodlin-Jones & Solomon, 2005).  One 

study conducted by Lord, Rutter, and Le Couteur (1994) investigated the psychometric 

properties of the ADI-R for a sample of preschool-age children, and the results indicated  

inter-rater reliability for the behavioral items within the social interaction, 

communication, and stereotyped behavior domains ranging from 0.62 to 0.89.  Test-retest 

reliability was reported to be high, with coefficients for subdomain and domain scores 

ranging from 0.93 to 0.97 (Rutter et al., 2008).  Provided that a child has a mental age 

above two years old, the ADI-R is a reliable and valid measure and will provide 

information to facilitate an accurate diagnosis of autism spectrum disorder in preschool-

age children (Lord, Rutter, & Le Couteur, 1994; Rutter et al., 2008).   
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The ADI-R diagnostic algorithm includes items querying a child’s functioning 

during the 4 to 5 year old age range, which is considered to be the height of “abnormal 

functioning;” scores are also generated relative to the child’s current functioning within 

each domain (Rutter et al., 2008).  Because this study limited the sample to participants 

age 5 years and below (i.e., not yet 6 years old) and because SSC participants had to be at 

least 4 years old for inclusion, the ADI-R diagnostic algorithm scores were considered to 

be functionally equivalent to a “current functioning” score.        

Social interaction.  The ADI-R Reciprocal Social Interaction (RSI) domain 

contains questions that focus on the social interactions of the child.  Items comprising this 

domain include the child’s ability to utilize nonverbal behaviors in social situations, 

develop relationships, share enjoyment with others, and engage in socioemotional 

reciprocity (Rutter et al., 2008).  Higher RSI domain scores indicate greater impairment 

in social interaction.  The test-retest reliability for the Reciprocal Social Interaction 

domain is reported to be 0.96, and the interrater reliability ranges from 0.47 to 0.89 

(Rutter et al., 2008).  The ADI-R RSI domain score was used in the analyses as a 

predictor variable measuring the ASD core symptom of social interaction.  This study’s 

sample had an ADI-R RSI domain mean score of 17.85, which is above the “cut score” of 

10 (i.e., indicating impairment consistent with a diagnosis of ASD) (Rutter et al., 2008).   

Communication.  The ADI-R Communication and Language domain contains 

questions which focus on the communication skills of the child.  Items loading on this 

domain include the child’s quantity and quality of verbal language, his/her ability to 

sustain a conversation, and his/her level of make-believe play or social imitative play 

(Rutter et al., 2008).  Higher scores in this domain indicate greater impairment.  The test-
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retest reliability for the Communication and Language domain is reported to be 0.94, and 

the interrater reliability ranges from 0.37 to 0.92 (Rutter et al., 2008).  The SSC data set 

includes the ADI-R Verbal Communication domain score if the participant was 

considered verbal or the ADI-R Nonverbal Communication domain score if the 

participant was nonverbal.  This study’s sample had an ADI-R Verbal Communication 

domain mean score of 15.38, which is above the “cut score” of 8 (Rutter et al., 2008), and 

an ADI-R Nonverbal Communication domain mean score of 8.56, which is above the “cut 

score” of 7 (Rutter et al., 2008).   

For the purpose of this study, a single Communication Domain score was 

generated.  If a participant had a reported Verbal Communication score, this was his/her 

Communication Domain score.  If a participant had a reported Nonverbal 

Communication score, this was his/her Communication Domain score.  The 

Communication Domain scores were used in the analyses as a predictor variable 

measuring the ASD core symptom of communication.  The calculated mean ADI-R 

Communication Domain score for this sample was 14.55.    

Restricted, Repetitive, and Stereotyped Behavior.  Within the Restricted, 

Repetitive, and Stereotyped Patterns of Behavior (RRSPB) domain, the ADI-R contains 

questions that focus on the child’s repetitive behavioral patterns and stereotyped 

behaviors, such as the child’s preoccupations and adherence to routines or rituals.  Higher 

scores in this domain indicate greater impairment.  The test-retest reliability for the 

restricted, repetitive, and stereotyped patterns of behavior domain is reported to be .93, 

and the interrater reliability ranges from 0.63 to 0.92 (Rutter et al., 2008).  The ADI-R 

Restricted, Repetitive, and Stereotyped Patterns of Behavior (ADI-R RRSPB) domain 



47 

 

 

scores were used in the analyses as a predictor variable measuring the ASD core 

symptom of restricted, repetitive behaviors, interests, or activities.  This study’s sample 

had an ADI-R RRSPB domain mean score of 6.17, which is above the “cut score” of 3 

(Rutter et al., 2008).   

ASD associated features.  In addition to the core ASD symptoms, this study 

investigated the relationship of ASD associated features (i.e., not central to diagnosis but 

important in ascertaining treatment and prognosis) to achieving daytime dryness in 

preschool-age children with ASD.  Intellectual functioning and adaptive behavior 

functioning were the associated features included within the analyses as predictor 

variables.    

Intellectual functioning.  To assess each participant’s intellectual functioning, the 

SSC researchers used several different assessment measures to report the full-scale IQ 

scores (FSIQ).  The SSC reported FSIQ scores for participants based on either deviation 

IQ scores (i.e., IQ scores derived from standard scores on measure of intelligence) or a 

ratio IQ score (i.e., calculated IQ scores [dividing their mental age by their chronological 

age] for individuals whose deviation scores were not obtainable) (Simons Simplex 

Collection, 2013).  Therefore, the reported FSIQ should be considered a best-estimate 

measure of the individual’s overall cognitive functioning.  The SSC-reported FSIQ score 

represented “intellectual functioning” as a predictor variable in the current analyses.  

Similarly, the FSIQ score was used in the Kanne et al. (2011) study, which also used the 

SSC sample data set to examine the discrepancies between intellectual and adaptive 

functioning.  The SSC researchers selected the appropriate measure based on the child’s 

age and verbal abilities.  The DAS-II Early Years was used to assess the IQ for the 
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majority (i.e., approximately 77%) of this study’s sample of participants age 71 months 

and below.  If the researcher determined that a participant’s age or verbal abilities were 

not at a level needed to complete the DAS-II-EY, then the Mullen Scales of Early 

Learning was administered instead.   

The Differential Ability Scales, 2nd Edition (DAS-II) is a comprehensive measure 

of intellectual functioning appropriate for children from 30 months to 17 years 11 months 

old (Elliot, 2007).  This measure purports to capture an individual’s intellectual strengths 

and weaknesses.  The results from the DAS-II are used to generate a General Conceptual 

Ability (GCA) score (Mean = 100, SD = 15, and range of values 30-170) (Elliot, 2007).  

The preschool version includes the following indices: General Conceptual, Verbal, and 

Nonverbal Abilities.  A Special Nonverbal Composite (SNC) score can be calculated 

from all the subtests, except from those on the verbal composite (Elliot, 2007).  The 

Mullen Scales of Early Learning was developed to provide a comprehensive measure of 

intellectual functioning in children ranging in ages from birth to 68 months old (Mullen, 

1995).  The Mullen Scales of Early Learning include five scales to measure a child’s 

gross motor, visual reception, fine motor, receptive language, and expressive language 

skills.  By assessing each of the five scales, an examiner can gain a better understanding 

of the child’s abilities and the strengths or weaknesses that may exist.  The four cognitive 

scales (visual reception, fine motor, receptive and expressive language skills) comprise 

the normalized Early Learning Composite (ELC) score (Mean = 100, SD = 15) (Mullen, 

1995).       

Adaptive behavior.  To evaluate each participant’s adaptive behavior functioning, 

the SSC researchers administered the Vineland-II (Sparrow, Cicchetti, & Balla, 2005).  
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The Vineland-II was administered to SSC parents in a survey interview format.  This 

semi-structured interview seeks information about the individual’s behaviors and 

activities in the following domains: socialization, communication, motor, and daily living 

skills (Sparrow et al., 2005).  The internal-consistency split-half reliability coefficients of 

the Adaptive Behavior Composite for children ages five years and below are very high, 

ranging from .95 to .98 (Sparrow et al., 2005).  The test-retest reliability coefficients for 

the Adaptive Behavior Composite and domains are very high, ranging from 0.86 to 0.96 

(Sparrow et al., 2005).   

For individuals from birth to six years of age, a span which encompasses the 

targeted age for this study, the Adaptive Behavior Composite (ABC) is comprised of the 

Communication, Daily Living Skills, Socialization, and Motor Skills Domain scores.  

The ABC score is a measure of the individual’s current global adaptive functioning   The 

ABC and each of the four Domains yield standard scores (Mean = 100, SD = 15) 

(Sparrow et al., 2005).  The internal-consistency split-half reliability coefficients of the 

Vineland-II Domains for children ages five years and below are high.  The 

Communication, Socialization, and Motor Skills Domain reliabilities are in the mid-0.80 

range, and the Daily Living Skills Domain is close to 0.80 (Sparrow et al., 2005).  For the 

purpose of this study, all the Vineland-II variables (i.e., the ABC, Socialization Domain, 

Communication Domain, Motor Skills Domain, and Daily Living Skills Domain scores) 

were included to assess adaptive behavior normative and relative strengths and 

weaknesses  for a sample of preschool-age children with ASD.  The Vineland-II variables 

were also used in the analysis, as predictor variables measuring the ASD associated 

feature of adaptive behavior functioning that is a necessary skill needed for toilet training 
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(e.g., the social and communication skills to express toileting needs to a caregiver and 

understand directions, the motor skills to sit on and flush the toilet, and the daily living 

skills to dress and undress oneself).        

Socialization.  The Socialization Domain includes the following subdomains: 

Interpersonal Relationships, Play and Leisure Time, and Coping Skills.  The 

Interpersonal Relationships subdomain measures the individual’s ability to respond to 

others, to express and recognize emotions, and to imitate others.  It also assesses the 

individual’s social communication skills, level of thoughtfulness, and friendship and 

dating behaviors.  The Play and Leisure Time subdomain measures the individual’s 

playing, sharing and cooperating behaviors, as well as his/her ability to recognize social 

cues and travel to different places with friends.  Coping Skills includes one’s ability to 

demonstrate appropriate manners, apologize to others, respond appropriately to changes 

or transitions, control impulses, act responsibly, keep secrets, and have an appropriate 

level of caution in social situations (Sparrow et al., 2005).  

Communication.  The Communication Domain includes the following 

subdomains: Receptive, Expressive, and Written.  The Receptive subdomain measures 

the individual’s ability to listen to, understand, and follow directions.  The Expressive 

subdomain measures pre-speech expressions, beginning speech, interactive speech, 

speech skills, and expression of complex ideas.  The Written subdomain measures the 

individual’s early and advanced reading skills and writing skills (Sparrow et al., 2005).  

Daily Living Skills.  The Daily Living Skills Domain includes the following 

subdomains: Personal, Domestic, and Community.  The Personal subdomain contains 

items related to toileting, eating and drinking, bathing, dressing, grooming, and health 
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care.  The Domestic subdomain includes tasks such as kitchen chores and housekeeping, 

as well as knowledge of safety at home.  The Community subdomain measures the 

individual’s skill levels with respect to telephone usage, handling of money, restaurant 

etiquette, job performance, and computer usage.  This subdomain also measures the 

individual’s knowledge of rules, rights, and safety, awareness of time and dates, ability to 

operate a television and radio, and capacity to travel places independently (Sparrow et al., 

2005).  

Motor Skills.  The Motor Skills Domain includes the Fine and Gross motor 

subdomains.  The Fine motor subdomain measures the individual’s age appropriate 

ability to manipulate objects, draw, use scissors, and use a computer.  The Gross motor 

subdomain measures the individual’s ability to display age appropriate tasks, such as 

being able to sit, crawl, walk, or run, to engage in play activities, and to stand (Sparrow et 

al., 2005). 

Treatment participation.  This study investigated whether the type, intensity, 

and/or duration of treatment would affect the relation between the ASD core 

symptoms/associated features and the achievement of daytime dryness.  During the SSC 

data collection, parents reported their child’s treatment participation, and researchers 

completed the Treatment History Form.  The Treatment History Form was comprised of 

seven categories of treatment options: speech/language therapy – school therapist; 

speech/language therapy – private therapist; occupational therapy – school therapist; 

occupational therapy – private therapist; intensive behavioral therapy; other intensive 

therapy; and biomedical treatment.  The researchers could also include additional 

treatments or therapies as reported by the parent.   
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Five types of treatment participation were included in the analyses for the current 

study: intensive behavioral therapy (INT BX, which primarily focused on therapies based 

on applied behavior analysis, or ABA), speech/language therapy within school (ST-S), 

speech/language therapy with private therapist (ST-P), occupational therapy within 

school (OT-S), and occupational therapy with private therapist (OT-P).  These five types 

of treatment were selected after reviewing the literature, which indicates that these types 

of treatment, while not targeting toilet training skills directly, target the necessary 

precursor skills.  A child’s participation, starting at age 2 through age 4, in these five 

types of treatment was important to consider within this study because these therapies 

may target the necessary precursor skills to achieve daytime dryness (i.e., behavioral, 

speech/language, and occupational therapies that can improve compliance, social, 

communication, motor, and daily living skills) (Brown et al., 2008; Geurts & Embrechts, 

2008; Hong & Howard, 2002; Rapin & Dunn, 1997; Sheppard, 1999; Smith, 2010; 

Watling, et al., 1999).  As the goal of this study was to determine if participation in 

treatment increased the likelihood of achieving of daytime dryness by age 60 months, 

only treatment data from prior to age 60 months (i.e., through age 4 years [up to age 59 

months]) was selected.             

Researchers from the SSC also recorded the parent’s report of treatment intensity 

and duration.  Intensity is the number of therapy hours per week that the child received, 

and duration is the total number of weeks that the child received the treatment during 

ages 2 through 4.  To capture the child’s treatment participation during the preschool-age 

range, a “total treatment hours” (TTH) variable was generated using the available 

intensity and duration data.  Total treatment hours were calculated by multiplying the 
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available intensity by the duration for each year and then adding the totals for each year 

together.  The five different categories of treatment, as well as the TTH means, and the 

number of participants who reported receiving treatment are reported in Table 2.  

Participants who had missing values in the treatment data were excluded from the 

analyses.  While a zero would indicate that the participant did not receive treatment, a 

missing value is a lack of endorsement and cannot necessarily be interpreted as not 

having received treatment.  The total treatment hours (TTH) for each type of treatment 

were calculated independently from each other, as such, a participant who, for example, 

had values for INT-BX but missing values for the other treatment types was included in 

the INT-BX values and excluded from the other types.       

Table 2   

Descriptives for Each Treatment Type 

Type TTH 

Mean 

TTH 

Minimum 

TTH 

Maximum 

Participants 

who 

reported 

receiving 

treatment 

INT-BX 912 42 4,160 71 

ST-S 147 14 1,596 89 

ST-P 50 4 418 40 

OT-S 111 3 1048 74 

OT-P 40 4 338 35 

Note: n=403. 

Data Analysis  

Approval from the University of Houston’s Committee for the Protection of 

Human Subjects and a request for data through the Simons Foundation Autism Research 

Initiative (SFARI) Base were completed prior to any analyses.   
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Data Preparation.  The SSC researchers were trained and data entries were 

verified, which resulted in a “high-quality” data set (Fishbach & Lord, 2010).  

Regardless, initial screening of the data was conducted by examining frequency tables.  It 

was determined that there were no inaccurate numbers, no out of range values, and no 

outliers (i.e., all the numbers were within appropriate ranges for each measure).  Two 

participants, representing 0.31% of the n=637 sample, were missing a full scale IQ score.   

Prior to data analyses, tests for multicollinearity were conducted to ensure that 

there was no collinearity among the predictor variables, as collinearity would indicate 

that the variables were not independent of each other and would not represent a unique 

contribution to the regression analyses (Fields, 2009).  These tests were conducted by 

running collinearity diagnostics in linear regression analyses with the predictor variables 

and then examining the variance inflation factor (VIF).  The VIF indicated whether a 

predictor variable was correlated with another (Fields, 2009).  Initial regression analysis 

with all nine predictor variables (ADI-R Communication, ADI-R Social Interaction,   

ADI-R Restricted, Repetitive, and Stereotyped Behavior (RRSB), FSIQ, and the 

Vineland-II ABC, Communication, Social, Motor, and Daily Living) produced VIF 

numbers outside of an acceptable range (i.e., VIF numbers above 10), which indicated a 

high degree of multicollinearity among all predictors (Craney & Surles, 2002; Fields, 

2009).  To reduce this multicollinearity, the nine variables were separated into three 

clusters.  The clusters were established by grouping variables together in different 

combinations and the conducting subsequent analyses to determine if the VIF numbers 

were acceptable.  The first cluster contained the FSIQ and the Vineland-II ABC score.  

The second cluster contained the ADI-R Communication, ADI-R RSI, ADI-R RRSPB, and 
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the Vineland-II Daily Living Skills.  The third cluster contained the Vineland-II Social, 

Vineland-II Motor Skills, and Vineland-II Communication.  Subsequent regression 

analyses using just the variables within each cluster produced acceptable VIF numbers 

ranging from 1.00 to 1.88, which indicated no collinearity among the variables. 

Research Question 1: Intellectual Functioning and Adaptive Behavior 

Characteristics of the Sample.  Descriptive statistics and standardized difference 

equations were used to assess the relative and normative strengths and weaknesses in 

intellectual and adaptive behavior functioning for a sample of preschool-age children 

with ASD.  Identifying the intellectual and adaptive behavior functioning strengths and 

weaknesses was important because these are necessary for successful toileting.  The 

sample for these analyses included all the 637 participants within the SSC data set who 

were age 71 months and younger, regardless of daytime dryness status.  All children 

included in this data set had confirmed ASD diagnoses, as indicated by ADI-R domain 

score means above the “cut scores” (i.e., above which would indicate impairment 

consistent with a diagnosis of ASD) (Rutter et al., 2008).   

Research Question 2: Factors Related to the Achievement of Daytime 

Dryness.  Logistic regression analyses were conducted to investigate the factors related 

to achievement of daytime dryness, as these analyses provide a model for predicting a 

categorical (esp. dichotomous) variable from a set of continuous predictor variables 

(Fields, 2009).  The sample for these analyses included the participants from the SSC 

data who were age 59 months or younger if they had achieved daytime dryness, as well 

as participants age 60 months to 71 months regardless of daytime dryness.  Participants 

who were age 59 months or younger and had not achieved daytime dryness were 
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excluded because they did not meet the criteria of interest (i.e., achieved dryness by 60 

months).  A total of 236 participants were age 59 months or younger at the time of ADOS 

had not achieved daytime dryness; consequently, they were excluded from these 

analyses.  After the exclusions, the sample included 403 participants.     

The criterion/outcome variable for these analyses was dichotomous and defined as 

either a) achieved daytime dryness by 60 months, or b) not achieved daytime dryness by 

60 months.  Defining the criterion variable in terms of 60 months was important because 

the current literature on toilet training indicates that a failure to achieve daytime dryness 

by age 5 (age 60 months) not only lies outside of normative development, but also may 

affect a child’s level of independence, inclusion in school and care activities, and quality 

of life (Azrin & Foxx, 1974; Kroeger & Sorensen, 2010; Schonwald, 2009; Thomson et 

al., 2011).  In addition, if a child does not achieve daytime dryness by 60 months of age 

(5 years old), he or she may meet DMS-5 diagnostic criteria for enuresis (American 

Psychiatric Association [ApA], 2013).      

Because there were three clusters of variables (i.e., first cluster included the 

Vineland-II ABC and FSIQ; second cluster included the Vineland-II Daily Living and the 

ADI-R Communication, Social Interaction, and RRSPB; third cluster included the 

Vineland-II Communication, Motor Skills, and Social), three separate logistic regressions 

were conducted to determine if the respective cluster of factors could accurately predict 

whether a child would achieve daytime dryness.   

Research Question 3: Predictive Validity of the Significant Factors Retained 

from Logistic Regression.  To answer the third research question, regarding the 

predictive validity of the factors that are significant in determining whether a preschool-
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age child achieves daytime dryness, receiver operating characteristic (ROC curve) 

analyses were conducted.   

Only the three factors retained from the logistic regression that were significant 

predictors in determining whether a child achieved daytime dryness (i.e., the Vineland-II 

Adaptive Behavior Composite (ABC), Vineland-II Communication, and Vineland-II 

Daily Living Skills domains) were included in the analysis.  For these analyses, the 

condition of interest was dichotomous and defined as achieved daytime dryness by 60 

months or not (i.e., dry by 60 was 1, not dry by 60 was 0).  The sample for this research 

question was the same sample for the second research question and included 403 

participants from the SSC who were 59 months or younger if they had achieved daytime 

dryness, or who were age 60 to 71 months regardless of daytime dryness status.  In the 

sample, 270 participants were dry by 60 months; 133 were not dry by 60 months.    

Ideally, absolute thresholds that result in 95% positive prediction for both daytime 

dryness (i.e., 95% sensitivity) and wetness (i.e., 95% specificity) would determine “cut 

scores.”  Setting a strict threshold -- 95% as criterion -- would result in maximum 

accuracy of classification for both groups (Metz, 1978; Pintea & Moldovan, 2009).  

However, given that the Vineland-II, from which all significant factors were derived, was 

not designed to detect the condition of interest, (i.e., the tests measure adaptive skills, not 

dryness), the Vineland-II is an imperfect test of dryness.  As such, there was not a 

threshold that resulted in 95% sensitivity and 95% specificity.     

Considering that the goal of this research question was to determine the 

representation of daytime dryness, “cut scores” were determined based on 95% 

sensitivity, as this would indicate a point at which the Vineland-II domains would best 
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detect dryness and thus would maximize the true positive rate.  Giving favor to the 

sensitivity, and therefore maximizing the true positive rate, came at the cost of an 

increased rate of false positives (i.e., identifying a child as having achieved daytime 

dryness when he or she actually did not achieve daytime dryness), but had the benefit of 

decreasing the rate of false negatives (i.e., identifying a child as not having achieved 

daytime dryness when he or she did actually achieve daytime dryness).   

Additional consideration was given to the possibility of selecting a “cut score” 

based on equal values of sensitivity and specificity.  However, it is important that a “cut 

score” be one that results in the lowest number of errors (i.e., the lowest total of false 

negatives and false positives) (Streiner & Cairney, 2007).  Considering this criterion, 

selecting a “cut score” based on 95% sensitivity resulted in a lower number of total 

errors, when compared to “cut scores” based on equal values of sensitivity and 

specificity.  As such, the decision to select “cut scores” based on 95% sensitivity was 

retained because it resulted in not only a higher rate of true positives, but also a lower 

number of total errors.  The resulting specificity rate ranged from 20 to 30%.           

Cross-tabulations were conducted after establishing the “cut scores.”  The 

sensitivity, and specificity, as well as the positive predictive value (i.e., the probability 

that individuals would achieve dryness when their score on the measure exceeds a given 

“cut score”), and negative predictive value (i.e., the probability that individuals would not 

achieve dryness when their score on the measure is below a given “cut score”) were 

determined by performing diagnostic test evaluations using the results from the cross-

tabulations (Metz, 1978).  The area under the curve (AUC) statistic was reported, 
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indicating the accuracy of the measure in detecting the condition of interest (Streiner & 

Cairney, 2007).   

Research Question 4: Adding Treatment as a Potential Moderator Between 

ASD Associated Features and Daytime Dryness.  Results from Faulkner 2012 yielded 

unexpected relations between ASD core symptoms and daytime dryness success.  

Specifically, this previous study indicated that children with greater impairment in social 

interaction and verbal communication were more likely to achieve daytime dryness, and 

this finding prompted the hypothesis that participation in treatment may have impacted 

the relation.  As such, the fourth research question for the current study investigated this 

hypothesis by adding frequency and duration (i.e., total treatment hours [TTH]) of 

reported treatment to the regression model as a potential moderator that might affect the 

direction or strength of the relation between the ASD associated feature of adaptive 

behavior deficits (i.e., as measured by the Vineland-II adaptive behavior domains) and 

the achievement of daytime dryness by age 60 months.   

Logistic regressions were conducted to answer the fourth research question.  The 

criterion/outcome variable for these analyses were dichotomous and defined as either 

achieved daytime dryness by 60 months or not achieved daytime dryness by 60 months.  

Predictor variables included only the variables from the results of the second research 

question, which were retained as significant predictors (the Vineland-II ABC, Vineland-II 

Communication, and Vineland-II Daily Living Skills) of achieving daytime dryness.  To 

reduce multicollinearity, separate logistic regressions were conducted for each Vineland-

II variables.  Specifically, collinearity diagnostics indicated that the three Vineland-II 

variables should be analyzed separately, due to high VIF values.  All five treatment types 
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(i.e., INT-BX, ST-S, ST-P, OT-S, and OT-P) were included in a collinearity diagnostic 

test which resulted in acceptable VIF values (i.e., all VIF values below 2).  As such, it 

was determined that all five treatment types could be included as predictors in the same 

analysis.  The sample for this research question included the same 403 participants who 

comprised the sample for the second and third research questions (i.e., those who were 59 

months or younger if they had achieved daytime dryness or who were age 60 to 71 

months regardless of daytime dryness status).  The “total treatment hours” (TTH) 

variable was generated for each of the five treatment types (INT BX, ST-S, ST-P, OT-S, 

and OT-P) and was included in the analyses as predictors.  A priori hypotheses were 

generated before beginning the analyses by examining the results from the previous 

logistic regressions (i.e., the results from the second research question), determining 

which factors were predictive, and reflecting on previous literature regarding treatment.  

It was expected that behavioral therapy, speech therapy, and occupational therapy (i.e., 

all five treatment types) would increase the strength of the relation between the Vineland-

II ABC and achieving dryness by age 60 months.  It was expected that speech therapy 

(both ST-S and ST-P) and behavioral therapy (INT-BX) would increase the strength of 

the relation between the Vineland-II Communication and achieving dryness by age 60 

months.  Lastly, it was expected that occupational therapy (both OT-S and OT-P) and 

behavioral therapy (INT-BX) would increase the strength of the relation between the 

Vineland-II Daily Living Skills and achieving dryness by age 60 months.  Prior to 

conducting the three logistic regression analyses, each variable (i.e., each Vineland-II 

domain variable and the TTH) was standardized by converting to a z-score, with a mean 
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of zero.  The moderator variables were the calculated product of the standardized TTH 

with the standardized Vineland-II domain variable.  
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 Results 

Research Question 1: Intellectual Functioning and Adaptive Behavior 

Characteristics of the Sample  

Regarding cognitive functioning, the FSIQ mean score within this sample fell into 

the below average range (i.e., FSIQ mean score of 80), and 32% of the children in this 

sample had FSIQ scores in the ID range (i.e., FSIQ < 70).  Table 3 reports the standard 

score mean, standard deviation, and range of the FSIQ scores, as well as the percentage 

of children in each FSIQ range and corresponding classification, for the sample of ASD 

children age 71 months and younger.  Individual FSIQ scores ranged from standard 

scores of 19 to 150.  This indicates large variability in intellectual functioning within the 

sample.  According to DSM-5 criteria, an IQ level that is approximately two standard 

deviations or more below average (M = 100, SD = 15) would indicate intellectual 

functioning that falls within the Intellectual Disability (ID) range (ApA, 2013).  The 

prevalence of IQ scores within the ID range (i.e., FSIQ < 70) was calculated for this 

sample of preschool-age children with ASD, and 32% of the participants had FSIQ scores 

of 70 or below.  The FSIQ mean score and the majority of the individual FSIQ scores 

were above 70 (i.e., not in the ID range), indicating that the average intellectual 

functioning for this sample of preschool-age children with ASD was in the low average 

range, while individual FSIQ scores ranged from the low to above average range.     
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Table 3 

FSIQ Standard Score Mean, Standard Deviation, and Range  

 FSIQ Scores 

Standard Score Mean 80.02 

Standard Deviation  26.08 

Range 131 

Minimum  19 

Maximum  150 

FSIQ Range/Classification Percentage 

69 and below/Very Low 31 

70-79/Low 11 

80-89/Below Average 15 

90-109/Average 27 

110-119/Above Average 8 

120-129/High 2 

130 and above/Very High 1 

Note.  n=637; M=100, SD=15 

With respect to adaptive behavior, results indicated that this sample of preschool-

age children with ASD had an adaptive behavior profile that showed relative strengths 

(i.e., higher standard scores) and weakness (i.e., lower standard scores) when compared 

to adaptive behavior scores of typically developing children.  The standard score mean, 

percentile rank, standard deviation, and range for the Vineland-II composite and domain 

scores are reported in Table 4.  The standard score mean for the Vineland-II composite 

and all of the domain scores indicated normative deficits.  That is, the standard score 

mean for the Vineland-II Adaptive Behavior Composite (ABC), Socialization domain, 

Communication domain, Motor Skills domain, and Daily Living Skills domain scores 

were all below at least one standard deviation from the mean (M=100, SD=15).  Within 

the sample of preschool-age children with ASD, standard score means indicated that the 
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Motor Skills domain was a relative strength, and the Socialization domain was a relative 

weakness.     

Table 4 

Vineland-II Standard Score Mean, Standard Deviation, and Range  

 Vineland-II 

ABC 

Vineland-II 

Socialization 

Vineland-II 

Communication 

Vineland-II 

Motor 

Skills 

Vineland-II 

Daily 

Living 

Skills 

Standard 

Score Mean 
76.13 74.03 81.59 83.13 76.88 

Percentile 

Rank 
5 4 12 13 6 

Standard 

Deviation 
12.47 12.65 16.20 13.34 13.46 

Range 69 68 91 84 83 

Minimum 45 44 40 40 40 

Maximum 114 112 131 124 123 

Note. n=637; M=100, SD=15. 

Standardized difference equations were used to determine if there was a 

difference between the Vineland-II Composite and Domain scores and to descriptively 

compare relative strengths and relative weaknesses within the current sample.  

Understanding adaptive behavior profiles for a sample of preschool-age children with 

ASD is important when completing a comprehensive evaluation for the purpose of 

making a differential diagnosis and planning for appropriate interventions for a child with 

ASD.  The standardized difference equations are reported in Table 5.  The difference 

between the domain scores ranged from 9.1 to 0.75.  The largest difference occurred 

between the Vineland-II Motor Skills and the Vineland-II Socialization domain scores.  

The smallest difference occurred between the Vineland-II ABC and the Vineland-II Daily 

Living Skills.     
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Table 5 

Standardized Difference Equations  

 Vineland-II 

ABC – Social 

Vineland-II 

ABC – Com 

Vineland-II 

ABC – Motor 

Vineland-II 

ABC – DLS 

Difference 

between mean 

2.1  -5.46  -7  -0.75 

Difference ∆ 0.14 -0.36 -0.47 -0.05 

 

 Vineland-II 

Social – ABC 

Vineland-II 

Social - Com 

Vineland-II 

Social –  Motor 

Vineland-II 

Social – DLS 

Difference 

between mean 

-2.1 -7.56 -9.1 -2.85 

Difference ∆ -0.14 -0.50 -0.61 -0.19 

 

 Vineland-II  

Com – ABC 

Vineland-II 

Com – Social 

Vineland-II 

Com – Motor 

Vineland-II 

Com – DLS 

Difference 

between 

mean 

5.46 7.56 -1.54 4.71 

Difference ∆ 0.36 0.50 -0.10 0.31 

 

 Vineland-II 

Motor – ABC 

Vineland-II 

Motor – Social 

Vineland-II 

Motor – Com 

Vineland-II 

Motor – DLS 

Difference 

between mean 

7 9.1 1.54 6.25 

Difference ∆ 0.47 0.61 0.10 0.42 

 

 Vineland-II  

DLS – ABC 

Vineland-II 

DLS –  Social 

Vineland-II 

DLS – Com 

Vineland-II 

DLS – Motor  

Difference 

between mean 

0.75 2.85 -4.71 -6.25 

Difference ∆ 0.05 0.19 -0.31 -0.42 

Note. n=637; Difference ∆=difference between mean/SD; ABC = Adaptive Behavior 

Composite; Social = Socialization; Com = Communication; Motor = Motor Skills; DLS = 

Daily Living Skills. 

 

Research Question 2: Factors Related to Achievement of Daytime Dryness for 

Children with ASD 

The second research question for this study was “what factors predict whether a 

preschool-age child with ASD achieves daytime dryness?”  Nine potential predictor 
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variables were considered and grouped into three clusters (first cluster: FSIQ and 

Vineland-II ABC; second cluster: Vineland-II Daily Living Domain and the ADI-R 

Communication, ADI-R Reciprocal Social Interaction (RSI), and ADI-R Restricted, 

Repetitive, and Stereotyped Behavior (RRSB); third cluster: Vineland-II Communication 

Domain, Social Skills Domain, and Motor Skills Domain).  Of the nine variables, three 

were significant in predicting the achievement of daytime dryness by age 60 months for 

children with ASD.    

Results from logistic regression with first cluster.  The logistic regression 

performed on the first cluster included the FSIQ score and the Vineland-II ABC as 

predictor variables for achieving daytime dryness by age 60 months.  Two participants 

were missing FSIQ scores and were subsequently excluded from this analysis.  The total 

sample for this analysis included 401 participants.   

Based on the logistic regression results, the model provided a statistically 

significant improvement in the predictability of daytime dryness when compared to the 

constant-only model, χ
2 
(2, N=401) = 70.67, p< .001.  The Nagelkerke pseudo R

2 

demonstrated that the model accounts for 22.5% of the total variance.  The model 

correctly predicted that 36.6% of participants would not achieve daytime dryness and that 

88.5% would achieve daytime dryness, with an overall predictive accuracy rate of 71.6%.  

This indicates that the model is likely more accurate in predicting dryness rather than 

predicting a lack of dryness.  Of the possible factors, the Vineland-II ABC was 

statistically significant.  The Exp(B) for the Vineland-II ABC predictor variable was 

1.071, which indicates that an increase of one point on the Vineland-II ABC measure 

increases the odds of achieving daytime dryness by 1.071 times (7% increase in the 
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likelihood, per one-point increase) with a confidence interval (CI) of 1.037 to 1.105 (i.e., 

lower and upper limits for the Exp(B) with 95% CI).    

Table 6 

Logistic Regression with First Cluster 

Predictor B S.E. Wald Significance Exp (B) 95% CI for Exp (B) 

Lower Upper 

FSIQ Score 0.007 0.007 0.967 0.325 1.007 .993 1.021 

Vineland-II 

ABC 
0.068 0.016 17.711 0.000*** 1.071 1.037 1.105 

Note.  R
2
= .225 (n=401, p<.001) 

* p< .05; ** p < .01; *** p < .001 

 

Results from logistic regression with second cluster.  The second logistic 

regression included the Vineland-II Daily Living Skills ADI-R Communication, ADI-R 

Reciprocal Social Interaction (RSI), and ADI-R Restrictive Repetitive and Stereotyped 

Behavior (RRSB) as potential predictor variables for achieving daytime dryness by 60 

months in children with ASD.  The total sample for this analysis included 403 

participants.  According to the results from the logistic regression, the model did provide 

a statistically significant improvement when compared to the constant-only model, χ
2 
(4, 

N=403) = 95.136, p< .001.  The Nagelkerke pseudo R
2 
demonstrated that the model 

accounted for 29.3% of the total variance.  The model could correctly predict that 45.9% 

of participants would not achieve daytime dryness and that 89.6% would achieve daytime 

dryness, with an overall predictive accuracy rate of 75.2%.  Of the possible factors, the 

Vineland-II Daily Living Skills was a statistically significant predictor.  The Exp(B) for 

the Vineland-II Daily Living Skills predictor variable was 1.079, which indicates that an 

increase of one point on the Vineland-II Daily Living Skills measure increased the odds 

of achieving daytime dryness by 1.079 times (7.9% greater likelihood, per one-point 
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increase) with a confidence interval (CI) of 1.055 to 1.104 (i.e., lower and upper limits 

for the Exp(B) with 95% CI).     

Table 7 

Logistic Regression with Second Cluster 

Predictor 
B S.E. Wald Significance Exp (B) 95% CI for Exp(B) 

Lower  Upper 

ADI-R 

Communication 
-0.021 0.033 0.418 0.518 0.979 .918 1.044 

ADI-R RSI  -0.043 0.025 2.943 0.086 0.958 .912 1.006 

ADI-R RRSPB -0.072 0.052 1.954 0.162 0.930 .840 1.030 

Vineland-II 

Daily Living 

Skills 

0.076 0.012 43.841 0.000*** 1.079 1.055 1.104 

Note.  R
2
= .293 (N=403, p<.001) 

* p< .05; ** p < .01; *** p < .001 

 

Results from logistic regression with third cluster.  The logistic regression 

performed on the third cluster included the Vineland-II Socialization Domain, Vineland-

II Communication Domain, and the Vineland-II Motor Skills Domain as potential 

predictor variables for achieving daytime dryness by age 60 months in children with 

ASD.  The total sample for this analysis included 403 participants.  The results from the 

logistic regression indicated that the model did provide a statistically significant 

improvement when compared to the constant-only model, χ
2 
(3, N=403) = 58.450, p< 

.001.  The Nagelkerke pseudo R
2 
demonstrated that the model accounted for 18.8% of the 

total variance.  The model correctly predicted that 33.8% of participants would not 

achieve daytime dryness and that 89.6% would achieve daytime dryness, with an overall 

predictive accuracy rate of 71.2%.  Of the possible factors, the Vineland-II 

Communication Domain was a statistically significant predictor.  The Exp(B) for the 

Vineland-II Communication Domain predictor variable was 1.031, which indicates that 
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an increase of one point on the Vineland-II Communication Domain measure increases 

the odds of achieving daytime dryness by 1.031 times (3% greater likelihood, per one-

point increase) with a confidence interval (CI) of 1.009 to 1.054 (i.e., lower and upper 

limits for the Exp(B) with 95% CI).     

Table 8 

Logistic Regression with Third Cluster 

Predictor B S.E. Wald Significance Exp (B) 95% CI for 

Exp(B) 

Lower Upper 

Vineland-II 

Socialization 
0.023 0.013 3.334 0.068 1.024 .998 1.050 

Vineland-II 

Communication 
0.031 0.011 7.970 0.005** 1.031 1.009 1.054 

Vineland-II 

Motor Skills  
0.016 0.011 2.008 0.156 1.016 .994 1.038 

Note.  R
2
= .188 (n=403, p<.001) 

* p< .05; ** p < .01; *** p < .001 

Research Question 3: Predictive Validity of the Significant Factors Retained from 

Logistic Regression 

A total of three separate ROC curve analyses were conducted (i.e., one for each 

factor retained from the respective logistic regression analyses from Research Question 

2).  The results indicated that the  measures were moderately accurate in determining 

daytime dryness, and “cut scores” were established that represented 95% sensitivity.    

The first ROC curve analysis was conducted with the Vineland-II ABC, the 

second with the Vineland-II Communication, and the third with the Vineland-II Daily 

Living Skills as the test variables.  These results are reported in Table 9.  The AUC for 

the three analyses ranged from 0.708 to 0.761 and indicated the tests had moderate 

accuracy (i.e., between 0.7 and 0.9) in determining daytime dryness by age 60 months for 
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children with ASD (Streiner & Cairney, 2007).  The “cut scores” were determined by 

finding a standard score that resulted in 95% sensitivity.      

Table 9  

Diagnostic Accuracy Results for ROC Analysis  

 AUC Cut 

Score 

Sensitivity  Specificity Positive 

Predictive 

Value 

Negative 

Predictive 

Value 

Vineland-II 

ABC 
.744 61 95% 23% 72% 70% 

Vineland-II 

Communication 
.708 60 96% 20% 71% 68% 

Vineland-II 

Daily Living 

Skills 

.761 61 95% 30% 73% 74% 

 

Research Question 4: Adding Treatment as a Potential Moderator Between ASD 

Associated Features and Daytime Dryness  

 The logistic regression analyses from the fourth research question indicated that 

treatment was not significant in predicting daytime dryness for children with ASD by age 

60 months, and when added to the model as a potential moderator, there was no 

statistically significant change in the relation between the predictive variables and the 

achievement of daytime dryness.  The results are reported in Table 10.  

Results from logistic regression with Vineland-II ABC.  The first logistic 

regression was conducted with the Vineland-II ABC and all five of the treatment types 

(INT-BX, ST-S, ST-P, OT-S, and OT-P).  The initial regression resulted in a model that 

did provide a statistically significant improvement in predicting daytime dryness when 

compared to the constant-only model, χ2 (6, N=403) = 13.52, p< .05.  The Nagelkerke 

pseudo R
2
 demonstrated that the model accounted for 26.6% of the total variance.  
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Further, the model correctly predicted that 54.5% of participants would not achieve 

daytime dryness and that 92.7% would achieve daytime dryness, with an overall 

predictive accuracy rate of 79.4%.  Considered individually, however, none of the five 

treatment types was statistically significant in predicting daytime dryness by age 60 

months for children with ASD.  Once the moderator variables were added to the model, 

there was not a statistically significant improvement when compared to the constant-only 

model, χ2 (11, N=403) = 18.01, p =.081.   

Table 10  

Results from Logistic Regression Analyses with Vineland-II ABC and Treatment   

Predictor B S.E. Wald Significance Exp(B) 

Vineland-II ABC .901 .054 2.845 .092 1.095 

INT-BX .000 .001 .106 .745 1.000 

ST-S -.002 .006 .073 .786 .998 

ST-P .001 .008 .031 .861 1.001 

OT-S -.004 .006 .350 .554 .996 

OT-P .004 .011 .167 .683 1.004 

Moderator_ABC*INT-BX 1.331 .889 2.239 .135 3.784 

Moderator_ABC*ST-S .115 .942 .015 .903 1.121 

Moderator_ABC*ST-P -1.145 .946 1.464 .226 .318 

Moderator_ABC*OT-S -.082 .882 .009 .926 .921 

Moderator_ABC*OT-P -.216 .705 .093 .760 .806 

  Note.  R
2
= .343 (n=403, p=.081) 

 

Results from logistic regression with Vineland-II Communication Domain.  

The second logistic regression was conducted with the Vineland-II Communication and 

three treatment types (INT-BX, ST-S, and ST-P, based on a priori hypothesis).  The 

initial regression resulted in a model that did provide a statistically significant 

improvement when compared to the constant-only model, χ2 (4, N=403) = 17.442, p<.05.  

The Nagelkerke pseudo R
2
 demonstrated that the model accounted for 32.1% of the total 

variance.  The model correctly predicted that 50.0% of participants would not achieve 



72 

 

 

daytime dryness and that 90.2% would achieve daytime dryness, with an overall 

predictive accuracy rate of 75.4%.  As with the previous analysis using the Vineland-II 

ABC, none of the three treatment types was statistically significant on its own in 

predicting daytime dryness by age 60 months for children with ASD.  Once the 

moderator variables were added to the model, however, there was statistically significant 

improvement when compared to the constant-only model, χ2 (7, N=403) = 23.679, 

p=.001.  The Nagelkerke pseudo R
2
 demonstrated that the model accounted for 41.7% of 

the total variance.  The model correctly predicted that 41.7% of participants would not 

achieve daytime dryness and that 92.7% would achieve daytime dryness, with an overall 

predictive accuracy rate of 73.8%.  The results are reported in Table 11.   

Table 11 

Results from Logistic Regression Analyses with Vineland-II Communication and 

Treatment   

 

Predictor B S.E. Wald Significance Exp(B) 

Vineland-II Communication .148 .060 6.094 .014 1.160 

INT-BX .000 .001 .233 .630 1.000 

ST-S -.002 .006 .178 .673 .998 

ST-P -.002 .066 .081 .775 .998 

Moderator_Comm*INT-BX 1.434 1.093 1.723 .189 4.197 

Moderator_Comm*ST-S 1.713 1.494 1.314 .252 5.545 

Moderator_Comm*ST-P -.568 .782 .527 .468 .567 

Note.  R
2
= .417 (n=403, p=.001) 

Results from logistic regression with Vineland-II Daily Living Skills Domain.  

The third logistic regression was conducted with the Vineland-II Daily Living Skills and 

three treatment types (INT-BX, OT-S, and OT-P).  The initial regression resulted in a 

model that did provide a statistically significant improvement when compared to the 

constant-only model, χ2 (4, N=403) = 13.175, p<.05.  The Nagelkerke pseudo R2 
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demonstrated that the model accounted for 26% of the total variance.  The model 

correctly predicted that 45.5% of participants would not achieve daytime dryness and that 

90.2% would achieve daytime dryness, with an overall predictive accuracy rate of 74.6%.  

Once again, none of the three treatment types, considered individually, was statistically 

significant in predicting daytime dryness by age 60 months for children with ASD.  Once 

the moderator variables were added to the model, however, there was statistically 

significant improvement when compared to the constant-only model, χ2 (7, N=403) = 

20.070, p=.005).  The Nagelkerke pseudo R
2
 demonstrated that the model accounted for 

37.6% of the total variance.  The model correctly predicted that 45.5% of participants 

would not achieve daytime dryness and that 92.7% would achieve daytime dryness, with 

an overall predictive accuracy rate of 76.2%.  The results are reported in Table 12.   

Table 12 

Results from Logistic Regression Analyses with Vineland-II Daily Living Skills and 

Treatment   

 

Predictor B S.E. Wald Significance Exp(B) 

Vineland-II Daily Living 

Skills 
.110 .053 4.223 .040 1.116 

INT-BX .000 .001 .045 .832 1.000 

OT-S -.003 .005 .348 .555 .997 

OT-P .012 .012 .876 .349 1.012 

Moderator_Comm*INT-BX 1.540 .916 2.824 .093 4.664 

Moderator_Comm*OT-S .187 .902 .043 .836 1.205 

Moderator_Comm*OT-P -1.403 .733 3.658 .056 .246 

Note.  R
2
= .376 (n=403, p=.005) 

Several treatment types, though not statistically significant on their own, were 

important as moderator variables.  The results indicated that adding the interaction 

between INT-BX and the Vineland-II ABC to the model, as a moderator variable, did 

strengthen the relation, and the odds of achieving daytime dryness increased from 1.095 
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(Vineland-II ABC) and 1.000 (INT-BX) to 3.784, with a confidence interval (CI) of 

0.662 to 21.630 (i.e., lower and upper limits for the Exp(B) with 95% CI).  The 

interaction between INT-BX and the Vineland-II Communication strengthened the 

relation and increased the odds of achieving daytime dryness to 4.197, with a confidence 

interval (CI) of 0.493 to 35.746.   

The interaction between INT-BX and the Vineland-II Daily Living Skills 

strengthened the relation and increased the odds of achieving daytime dryness to 4.664, 

with a confidence interval (CI) of 0.774 to 28.101.  And lastly, the interaction between 

ST-S and the Vineland-II Communication changed the direction of the relation and 

increased the odds of achieving daytime dryness to 5.545, with a confidence interval (CI) 

of 0.297 to 103.690.    
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Discussion 

A major strength of this study is its focus on the preschool-age range (i.e., ages 2 

to 5), during which toileting success, namely achieving daytime dryness, typically occurs.  

To maintain that focus, this study analyzed archival data from the SSC for children ages 

71 months and below.  The participants in this study had confirmed diagnoses of ASD, as 

clinically determined by the administration of “gold standard” diagnostic measures (i.e., 

the ADI-R and ADOS).      

Examination of sample demographics indicated that 86% of the participants were 

males, which is consistent with estimates that approximately 5 times as many males as 

females are diagnosed with ASD (CDC, 2014; Rivet & Matson, 2011).  The majority of 

the current study’s sample participants were white (77%) and, non-Hispanic (87%).  The 

most common (i.e., 52%) age at data collection for this sample of participants was 4 years 

old.      

Intellectual Functioning and Adaptive Behavior  

Intellectual functioning and adaptive behavior skills are necessary for successful 

toileting; therefore, the first aim of this study was to consider the unique normative and 

relative strengths and weaknesses in these areas for a population of preschoolers with 

ASD.  The intellectual functioning of this sample was evaluated using the SSC-reported 

FSIQ scores.  In this study’s sample, the FSIQ mean score and the majority of the 

individual FSIQ scores were above 70 (i.e., not in the ID range), indicating that the mean 

intellectual functioning for this sample of preschool-age children with ASD was in the 

low average range and the majority of individual FSIQ scores were in the low average to 

above average range.     
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However, 32% of participants had FSIQ scores of 70 or below (i.e., range of ID).  

A diagnosis of ID requires not only significant sub-average intellectual functioning, but 

also qualitative deficits in adaptive functioning (i.e., deficits in communication, 

socialization, and daily living skills across multiple settings) (ApA, 2013).  In the current 

study, adaptive behavior scores were not examined in conjunction with the FSIQ for the 

purpose of making a diagnosis of ID.  As such, this study only confirmed that the 32% of 

participants with FSIQ scores of 70 or below met one of the two criteria for ID.  This 

percentage, therefore, is not an indicator of the prevalence of ID, but only the prevalence 

of IQ scores within the ID range.   

It is not uncommon to see an accompanying diagnosis of Intellectual Disability 

with an ASD diagnosis (ApA, 2013; Bölte & Poustka, 2003; Carter et al., 1998), and the 

percentage within this sample is similar to the Chakrabarti and Fombonne (2005) study 

that found a comorbid ID prevalence rate of 29.8% in their sample of preschool-age 

children with ASD.  However, when parents were asked about comorbid diagnoses 

during their SSC participation, only 10% of parents in this sample reported that their 

child had a DSM-IV-TR diagnosis of Mental Retardation (MR).  The criteria for the 

DSM-IV-TR diagnosis of MR (i.e., the diagnostic criteria during the time of the SSC data 

collection) included sub-average intellectual functioning (i.e., IQ of 70 or below) and 

significant impairments in adaptive functioning (ApA, 2000).  The DSM-IV-TR and 

DSM-5 criteria are comparable, in that a child who met criteria for a DSM-IV-TR 

diagnosis of MR would meet criteria for a DSM-5 diagnosis of ID.  The discrepancy 

between the 10% of children with parent-reported diagnoses of MR and the 32% of 

participants with FSIQ scores in the ID range could be explained in multiple ways.  For 
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instance, parents were not required to report comorbid diagnoses, so underreporting may 

have occurred; alternatively, parents may not have taken their child to be formally 

assessed for ID and were unaware that a comorbid diagnosis existed.   

Adaptive behavior profiles of the children within the study sample were also 

examined.  In this sample, the adaptive behavior profile showed normative deficits in all 

the Vineland-II Domain scores, indicating significant impairments in adaptive behavior 

functioning.  Children with ASD typically have adaptive behavior profiles that indicate 

weaknesses in socialization and communication, as these domains correspond with ASD 

diagnostic criteria (Carter et al., 1998; Kanne et al., 2011; Liss et al., 2001; Ray-

Subramanian et al., 2011).  The current findings were consistent with previous research 

that indicated socialization, in particular, was a relative weakness (Gillham et al., 2000; 

Kanne et al., 2011; Sparrow et al., 2005).  Motor skills were identified as a relative 

adaptive behavior strength for this preschool-age sample, which is also consistent with 

other findings (Ray-Subramanian et al., 2011).      

To compare relative strengths and relative weaknesses within the current sample, 

this study examined standardized difference equations using the Vineland-II adaptive 

behavior domain scores.  The differences between the domain scores (i.e., the Vineland-II 

ABC, Vineland-II Socialization, Vineland-II Communication, Vineland-II Motor Skills, 

and the Vineland-II Daily Living Skills) were calculated.  The differences between the 

domain scores indicated variability among the domains, and the largest difference 

occurred between the Vineland-II Motor Skills and the Vineland-II Socialization domain 

scores.  This finding is logical, as it is a comparison between the scores identified as the 

relative strength (i.e., motor skills) and the relative weakness (i.e., socialization) for 
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children with ASD.  This finding was also consistent with previous research by Ray-

Subramanian et al. (2011) who reported a -9.64 difference between the Vineland-II 

Socialization and Motor Skills domain scores with their sample of young children with 

ASD.   

Factors Related to Achievement of Daytime Dryness 

A second aim of this study was to identify factors that would predict the 

achievement of daytime dryness by age 60 months.  Of the possible factors, three were 

significant predictors: the Vineland-II ABC, Vineland-II Communication, and the 

Vineland-II Daily Living Skills.  An increase in these adaptive behavior scores increased 

the likelihood of achieving daytime dryness.  Of the 273 participants in this study’s 

sample who did achieve daytime dryness, 98.9% were dry by age 60 months.  Only three 

participants achieved dryness between age 61 and 71 months.  These results confirmed 

the use of 60 months as an appropriate benchmark for success.   

One hundred and thirty participants in the sample were age 60 months and older 

and had not achieved daytime dryness.  As such, these 130 participants (32% of the 

sample) met two of the four DSM-5 criteria for enuresis (i.e.,voiding of urine and age of 

at least 5 years), which is considered to be abnormal, provided it is not due to a 

physiological effect or medical condition (DSM-5 criteria), and can be a cause of 

clinically significant distress or impairment in other areas of functioning (DSM-5 criteria) 

(ApA, 2013).  Specifically, not meeting this developmental milestone may have negative 

impacts on independence, quality of life, and inclusion in school or care activities (Azrin 

& Foxx, 1974; Kroeger & Sorensen, 2010; Schonwald, 2009; Thomson et al., 2011).  

Simonoff et al. (2008) found, within their sample of participants with ASD, an enuresis 
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comorbidity rate of 11%.  In the current study, the rate of 32% was the percentage of 

participants who met just two of the criteria for enuresis, whereas the Simonoff et al 

(2008) rate was the percentage of participants who met all four criteria.   

Several characteristics, including ASD core symptoms and associated features, 

were investigated as potentially predictive of achieving daytime dryness by 60 months.  It 

was hypothesized that low socialization and communication skills; high restrictive, 

repetitive, and stereotyped behaviors; lower-than-average IQ scores; and greater 

impairment in adaptive behavior patterns would predict whether a child with ASD 

achieved daytime dryness by 60 months.  Interestingly, none of the ASD core symptoms, 

as measured by the ADI-R, predicted daytime dryness.  However, the results of the 

analyses showed that the factors were related to daytime dryness in the expected 

direction.  That is, higher ADI-R domain scores, indicating greater impairment, were 

related to a lower likelihood of achieving dryness by age 60 months.  This finding is 

consistent with the literature which demonstrates that deficits in social interaction, 

receptive language, expressive communication, and complications with restricted, 

repetitive behaviors, interests, or activities could make the toilet training process more 

difficult (Azrin & Foxx, 1974; Dalrymple & Ruble, 1992; Luiselli, 1997; Schonwald, 

2009; Wheeler, 2007).   

Surprisingly, a child’s overall intellectual functioning level (i.e., FSIQ) was not a 

significant predictor of achieving daytime dryness by age 60 months.  This was an 

unexpected result given previous research indicating that children with lower intellectual 

functioning have higher levels of incontinence (Bruschini et al., 2003; Dalrymple & 

Ruble, 1992; Van Laecke et al., 2001).  Although not statistically significant, the results 
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indicated that increases in intellectual functioning relate to increases in the likelihood of 

achieving daytime dryness by age 60 months, which is consistent with previous research 

in this area.  Of the participants with FSIQ scores of 29 or below (very low range), 100% 

were not dry by 60 months.  This cut-off score (i.e., score at which 100% would not be 

dry) was lower than the Bruschini, Faria, Garcez, and Srougi (2003) study that found that 

100% of children with IQ scores of 34 and below were not toilet trained.  Within the 

current study, 82% of children with FSIQ scores of 34 and below were not dry by 60 

months.     

Although ASD core symptoms and cognitive functioning were not significant 

predictors, children’s adaptive behavior levels were significant predictors of achieving 

daytime dryness by age 60 months.  Specifically, the results of this study revealed that 

overall adaptive behavior functioning, as measured by the Vineland-II Adaptive Behavior 

Composite score, as well as communication and daily living skills, as measured by the 

Vineland-II Communication score and the Vineland-II Daily Living skills score, were 

significant predictors of whether a child with ASD achieved daytime dryness by 60 

months.  The adaptive behavior communication and daily living skills domains are 

necessary precursors to toilet training (e.g., a child must be able to communicate his or 

her needs to others and understand directions from others).  As these adaptive behavior 

skills increased, the likelihood of achieving daytime dryness also increased.  These 

findings are consistent with current literature indicating that adaptive behavior skills are 

required in the toilet training process (Azrin & Foxx, 1974; Kroeger & Sorensen, 2010; 

Schonwald, 2009; Thomson et al., 2011).  For preschoolers with ASD, the level of 

general adaptive behavior deficits may affect the ability to achieve daytime dryness when 
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compared to their typically developing peers (Ando et al, 1980; Dalrymple & Ruble, 

1992).   

Predictive Validity of the Significant Factors 

In addition to identifying important factors that predict an ASD preschooler’s 

achievement of daytime dryness by age 5, this study aimed to identify the predictive 

validity of these factors by determining the representation of daytime dryness across 

varying levels of predictive variables, as well as an absolute threshold on the predictive 

measures that would predict daytime dryness.  Overall, the AUC for all three ROC curve 

analyses indicated that the Vineland-II ABC, Vineland-II Communication, and the 

Vineland-II Daily Living Skills were moderately accurate in detecting daytime dryness, 

and “cut scores” were established that maintained a 95% sensitivity rate.   

The AUC for the ROC curve using the Vineland-II Communication as a test 

variable was smaller, when compared to the AUC for the ROC curves using the 

Vineland-II ABC and the Vineland-II Daily Living Skills as test variables.  This indicates 

that of the three variables, the Vineland-II Communication was the least accurate in 

detecting daytime dryness.  Conversely, using the Vineland-II Daily Living Skills domain 

as the test variable most accurately detected daytime dryness, as it had the highest AUC 

for the ROC curve analyses when compared to the other two.  The larger AUC could be 

explained by understanding that the Vineland-II Daily Living Skills domain includes 

items related to toileting, which is related to the condition of interest.  As such, it was the 

most accurate measure for detecting the condition of interest.   

The “cut scores” for the Vineland-II ABC and Daily Living Skills were 

determined to be a standard score of 61, and the Vineland-II Communication was 60, 
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which represented a sensitivity rate of 95% and 96%, respectively.  These “cut scores” 

are classified in the “low” range, as they are more than two and a half standard deviations 

from the mean, thereby indicating a normative deficit.  These “cut scores” also differ 

from the sample mean for each test variable.  Within this study’s refined sample of 403 

participants (i.e., participants age 59 months and below, if they had achieved daytime 

dryness, and participants age 60 to 71 months, regardless of daytime dryness), the mean 

score for the Vineland-II ABC was 77, the Vineland-II Communication was 82, and the 

Vineland-II Daily Living was 78.  The difference between the “cut scores” and mean 

scores for these variables ranged from approximately one to two and one half standard 

deviations.  The “cut scores” were below the sample’s mean scores for each of the 

measures, and the majority of the sample (88% for Vineland-II ABC, 91% for Vineland-

II Communication, and 87% for Vineland-II Daily Living) had scores higher than the “cut 

scores.”   

These measures are more accurate, when compared to chance (50%), in predicting 

dryness.  The diagnostic test evaluations indicated positive predictive values ranging 

from 71% to 73% and negative predictive values ranging from 68% to 74%.  The largest 

AUC and the highest probability rates were seen with the Vineland-II Daily Living 

domain score, which may indicate that it is a better test variable for predicting daytime 

dryness, compared to the other domains.  Nevertheless, the diagnostic test evaluations for 

each of these predictive values could be clinically useful in predicting the success of 

achieving daytime dryness.   
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Treatment Impact on Achieving Daytime Dryness  

The final aim of this study was to investigate whether treatment participation 

would affect the direction or strength of the relation between the significant predictive 

factors and the achievement of daytime dryness for children with ASD by the age of 5 

years.  Overall, the results indicated that treatment was not a significant predictor or 

moderator variable.  While not statistically significant, trends related to the interactions 

between 1) intensive behavioral treatment and adaptive behavior functioning, 2) intensive 

behavioral treatment and communication, 3) intensive behavioral treatment and daily 

living skills, and 4) speech therapy and communication showed increased odds of 

achieving daytime dryness by age 60 months in children with ASD.  Specifically, having 

had intensive behavioral (i.e., ABA-based) therapy or speech therapy did impact the 

likelihood of achieving daytime dryness.   

The results indicated that intensive behavioral treatment moderates the relation 

between adaptive behavior functioning and the achievement of daytime dryness by age 

60 months.  Increasing the interaction between intensive behavioral treatment and 

adaptive behavior functioning (as measured by the Vineland-II ABC, Vineland-II 

Communication, and Vineland-II Daily Living Skills) increases the odds of a child 

achieving daytime dryness by age 60 months in children with ASD.      

Clinical Implications  

Many children with ASD exhibit adaptive behavior deficits, though there is 

currently little research exploring how these functional deficits relate to success in the 

major developmental milestone of achieving daytime dryness.  The current study adds to 

the literature by identifying distinctive adaptive behavior profiles for a large sample of 
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preschool-age children with ASD.  Understanding this adaptive behavior profile may 

assist clinicians in making a differential diagnosis of ASD.  Specifically, this information 

may be valuable when completing a comprehensive evaluation, identifying areas of 

strength and weakness, and planning for appropriate interventions.   

The current study also elucidates factors that predict toilet training success.  This 

knowledge may assist parents, teachers, and clinicians to identify children who are likely 

to struggle with toilet training and then to provide early interventions known to increase 

the likelihood of their success.  Specifically, in terms of identifying potential 

“strugglers,” study findings suggest that scores from the Vineland-II ABC, 

Communication, and Daily Living Skills are factors that predict daytime dryness by age 5 

for a preschooler with ASD.   

Findings from this study regarding the predictive validity of the significant factors 

may also have important implications for the identification of “strugglers.”  In theory, a 

clinician could examine a child’s adaptive behavior functioning (particularly scores from 

the Vineland-II ABC, Communication, and Daily Living Skills) and, understanding that 

deficits might result in delayed toileting success, use the “cut scores” as a means of 

predicting the likelihood of the child achieving daytime dryness by the age of 60 months.  

This process of examining adaptive behavior scores and using the proposed “cut scores” 

to make predictions is further explained in the follow paragraphs.   

A child with a Vineland-II ABC score below the identified “cut score” of 61 

would most likely lack the appropriate adaptive behavior skills necessary to perform 

tasks independently, and his or her communication and socialization skills would not be 

commensurate with those of his or her typically-developing peers.  A child with a 
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Vineland-II Communication score below the identified “cut score” of 60 very likely lacks 

both the expressive communication necessary to effectively communicate his or her 

toileting needs and the receptive communication necessary to understand instructions 

from his or her parent.  A child with a Vineland-II Daily Living Skills score below the 

“cut score” of 61 would most likely lack the ability to perform self-help tasks, including 

tasks related to toileting such as being able to self-dress (or undress) and urinate in a 

toilet.   

If a child has a Vineland-II Daily Living domain score of 61 or higher, this study 

indicates a 73% probability that the child will achieve daytime dryness by 60 months of 

age, as this score may indicate that he or she does have the necessary skills to be 

successfully toilet trained in that timeframe.  However, if a child has a Vineland-II Daily 

Living Skills score of 60 or below, results suggest a 74% probability that the child will 

not achieve daytime dryness by 60 months of age, as this score may indicate that he or 

she does not possess the skills necessary for successful toilet training by age 5.   

Moreover, knowing that certain adaptive behavior skills seem to be critical in 

achievement of this developmental milestone may also facilitate recommendations for 

appropriate interventions targeting these specific areas of adaptive behavior.  Given that 

the above probabilities are greater than chance (i.e., greater than 50%), after identifying a 

child who may struggle, a clinician may recommend interventions.  Specifically, therapy 

that targets general adaptive behavior functioning, including the communication and 

daily living skills, will likely increase the necessary toileting precursor skills, thereby 

affecting the achievement of dryness by age 5.  For example, a clinician may recommend 

that a child with a Vineland-II Daily Living Skills score below the “cut score” of 61 
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receive interventions, such as Occupational Therapy or Intensive Behavioral Therapy, 

which would target a child’s daily living skills to increase the likelihood of success.  

Limitations 

Currently, the majority of knowledge related to toilet training success is drawn 

from the typically developing and intellectually disabled populations, who may or may 

not accurately represent the ASD population.  This study makes several important 

contributions to the current literature, including identification of variables (e.g., ASD 

core symptoms, ASD associated features, and treatment participation) that predicted 

toileting success for preschoolers with confirmed ASD diagnoses.  A major strength of 

this study was its use of the large and well-characterized SSC archival data which was 

collected by trained researchers using “gold standard” diagnostic measures (i.e., ADI-R, 

ADOS).   

Despite this strength, several limitations must be considered, including the 

selected data analysis procedures, the external validity of the SSC sample, and the nature 

of parent-reported data.   

First, statistical regression methods were used to investigate whether ASD core 

symptoms, associated features, and treatment participation predicted the achievement of 

daytime dryness.  These analyses allow for predictions but causal conclusions cannot be 

inferred.  Receiver operating characteristic (ROC curve) analyses were conducted to 

determine the predictive validity of the significant factors from the logistic regressions.  

Generally, measures of predictive validity utilize a test designed specifically to identify a 

criterion of interest and then later determine if the test was an accurate measure.  

However, that was not the case in this study.  This study used tests designed to measure 
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adaptive behaviors and determined their accuracy in identifying daytime dryness, but the 

measure of adaptive behavior was administered at the same time as dryness was assessed 

(i.e., there was no significant time delay).  While using the ROC curve analyses in this 

study resulted in a better understanding of the descriptive utility of the adaptive behavior 

measures, further research into the development of a test designed to specifically predict 

daytime dryness might produce clinically meaningful results.  In addition, these analyses 

revealed “cut scores” that were standard scores of 60 and 61.  Because standard scores 

should be reported within a confidence interval (as this represents the range of values that 

contains the true value), there may not be a clinically meaningful difference between a 

standard score of 60 and 61.    

Second, there are limitations related to external validity.  Specifically, the external 

validity, or generalizability of the results, is unknown because the sample for this study 

was from a unique subset of the population.  This SSC sample had a disproportionate 

representation of male and Caucasian participants and higher-than-average income 

households, which limits generalizability to more diverse populations.  The participants 

in the SSC sample had rigorous inclusion criteria that may further impact the external 

validity of these findings.  For example, participants were excluded if the child’s parents, 

siblings, second-degree, or third-degree relatives were determined to have ASD; 

therefore, the results of this study may not be generalizable to children who are in 

families with relatives who have ASD.   

A third limitation of the current study relates to the heavy reliance on data (e.g., 

the ADI-R, Vineland-II, and Treatment History Form) derived from parent report. 

Particularly, the parent report of the child’s treatment participation on the Treatment 



88 

 

 

History Form may be less reliable and valid than the ADI-R and Vineland-II, which are 

standardized.  Moreover, the ADI-R and Vineland-II are both semi-structured interviews 

and the SSC researchers were trained to accurately code parent answers.  It is also 

important to consider the retrospective nature of parent report.  However, the current 

study limited the sample to only participants age 4 through 5, the years during which the 

ADI-R diagnostic algorithm domain scores and the current functioning from the 

Vineland-II domain scores are measured.  Therefore, it is reasonable to expect that the 

parent report of the participant’s functioning during the same year may be more accurate 

than information from previous years.  In addition, though treatment history data was 

gathered retrospectively back to when a child was age 2 years, the fact that an age-

restricted sample (i.e., 71 months or younger) was targeted may have enhanced the 

accuracy of the data (i.e., compared to probands who were age 16 at the time of data 

collection and whose parents were also asked to report treatment participation beginning 

at age 2 years).  In addition to the retrospective nature of the parent report, the treatment 

data were imperfect in that there may have been variability in procedures across sites for 

reporting treatment data.  For instance, data entry personnel at some SSC sites may have 

entered “zeroes” to indicate a lack of treatment, while other sites may have entered 

nothing at all; however, they also may have left data entry cells blank when data were 

truly missing.  This inconsistency in recording resulted in several missing values within 

the treatment data, and it was unclear whether the blank cells were indicative of truly 

missing data or of a report of “no treatment.”  In this study, blank cells were interpreted 

as missing data, rather than as a lack of receiving treatment.  The purpose of this 
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conservative interpretation was to avoid misrepresenting the available data, but it resulted 

in a large number of participants being excluded from the analyses.   

Despite the limitations, this study increased the awareness of the specific 

characteristics of preschool-aged children with ASD (e.g., ASD core symptoms and 

associated features of intellectual functioning and adaptive behavior), as well as the 

treatment participations that affect achievement of the important developmental skill of 

daytime dryness.  This increased understanding contributes to the current research base 

and may allow for identification of children who may have difficulty with toilet training 

in order to provide early interventions necessary to increase the likelihood of success.   

Future Directions 

Given the difficulty and stress associated with toilet training in the ASD 

population, it is surprising that, to date, there continues to be limited research in this area.  

This study provided some insight into factors related to achieving daytime dryness; 

however, further research is needed to address limitations and explore other aspects of 

toilet training in the ASD population.   

To address limitations regarding the external validity of the current study, further 

research with a sample of participants with ASD who are more representative of the 

population could possibly have enhanced generalizability.  To address the limitation of 

the treatment data, further research into the effect of treatment participation may consider 

a longitudinal research design wherein treatment data can be recorded more accurately, 

without needing to rely on retrospection.  In addition, future researchers should ensure 

more diligent or standardized means of recording treatment participation, as this may 
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result in a larger data set from which to investigate the effects on achieving daytime 

dryness.          

Further research into different aspects of toilet training in the ASD population 

could investigate regression of toileting skills and toileting interventions, two areas that 

were not examined in the current study.  The issue of regression of toilet training skills 

was addressed by Dalrymple and Ruble (1992) in a survey which indicated that 30% of 

individuals who were diagnosed with ASD and who were toilet trained at one time later 

regressed.  Future studies should focus attention on this issue and explore what factors 

may be associated with a loss of toileting skills. 

Finally, the current study did not investigate the effect of interventions 

specifically targeting toileting skills but, rather, treatments that may target various 

precursor skills necessary for success.  Toilet training interventions are reactive, 

implemented in response to concerns, usually by parents or other caregivers once a child 

is having difficulty or delay in achieving this skill (Cicero & Pfadt, 2002; Foxx & Azrin, 

1973; Kroeger & Sorensen-Burnworth, 2009; Luiselli, 1997).  Further research may 

investigate the effect of toileting interventions for a population of ASD children age 5 

and above who are not toilet trained to determine if there is an effect on the achievement 

of daytime dryness.   
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Conclusions and Summary 

Children with Autism Spectrum Disorder (ASD) may have difficulty achieving 

daytime dryness (Ando, Yoshimura, & Wakabayashi, 1980; Dalrymple & Ruble, 1992).  

Despite this fact, there continues to be limited research on the factors that may affect 

toilet training success in the ASD population (Dalrymple & Ruble, 1992; Keen, 

Brannigan, & Cuskelly, 2007; Macias et al., 2006) and the majority of available research 

related to toilet training success is drawn from populations of children who are either 

typically developing or who have intellectual disabilities. 

This study makes several important contributions to the current literature, 

including an increased understanding of the intellectual and adaptive behavior 

functioning profiles for preschoolers with ASD and the identification of factors (e.g., 

general adaptive behavior functioning, communication, and daily living skills) that 

predict toileting success for preschoolers with confirmed ASD diagnoses.  This 

knowledge may have important clinical implications, increasing the identification of 

children who may struggle with toilet training and the provision of early interventions to 

increase the likelihood of success.   

The relative and normative strengths and weaknesses in intellectual and adaptive 

behavior functioning for a sample of preschool-age children with ASD were examined.  

The intellectual functioning for this sample fell into the below average range (i.e., FSIQ 

mean score of 80), and 32% of the children had FSIQ scores in the ID range (i.e., FSIQ < 

70).  The adaptive behavior profile for this sample showed significant impairments in 

adaptive behavior functioning (i.e., normative deficit in all the Vineland-II Domain 
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scores) and a relative weakness in socialization, which were consistent with previous 

research (Gillham et al., 2000; Kanne et al., 2011; Sparrow et al., 2005). 

This study contributes to the literature by identifying the factors that predict the 

achievement of daytime dryness by age 60 months.  Of the possible factors, three were 

significant predictors: the Vineland-II ABC, the Vineland-II Communication, and the 

Vineland-II Daily Living Skills.  An increase in these adaptive behavior scores increased 

the likelihood of achieving daytime dryness for children with ASD.  Further analyses 

with these predictors revealed “cut scores,” which represented a sensitivity rate of 

approximately 95%.  The diagnostic test evaluations indicated positive predictive values 

ranging from 71% to 73% and negative predictive values ranging from 68% to 74%, 

which could be clinically useful in predicting the success of achieving daytime dryness.   

This study also investigated whether treatment participation would affect the 

direction or strength of the relation between the significant predictive factors and the 

achievement of daytime dryness by the age of 5 years.  The logistic regression results, 

with treatment as a moderator variable, indicated that having had intensive behavioral 

(i.e., ABA-based) therapy or speech therapy did impact the likelihood of achieving 

daytime dryness by age 5 years.     
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