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Abstract In the present study, we jointly employ and
integrate variable- and person-centered approaches to
identify groups of individuals with autism spectrum dis-
orders (ASD) who have similar profiles of change over a
period of 10 years across three critical domains of func-
tioning: maladaptive behaviors, autism symptoms, and
daily living skills. Two distinct developmental profiles
were identified. Above and beyond demographic and
individual characteristics, aspects of both the educational
context (level of inclusion) and the family context (ma-
ternal positivity) were found to predict the likelihood of
following a positive pattern of change. Implementing evi-
dence-based interventions that target the school and home
environments during childhood and adolescence may have
lasting impacts on functioning into adulthood for individ-
uals with ASD.
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Introduction

Autism spectrum disorders (ASD) are characterized by
qualitative impairments in social interaction and commu-
nication as well as restricted, repetitive, and stereotyped
patterns of behavior, interests and activities (American
Psychiatric Association 2013). ASD are typically diag-
nosed in childhood, yet these disorders are expected to
endure indefinitely with challenges continuing throughout
adulthood. Adults with ASD constitute a population with
growing significance, given the increasing rate of diagnosis
(Centers for Disease Control 2014; Charman 2002; Fom-
bonne 2005). Improvements in medicine, public health and
education that have resulted in an increased life expectancy
for individuals with intellectual and developmental dis-
abilities (IDD) living in the United States and abroad
(Coppus 2013; Davies and Higginson 2004).

Additional research is needed to understand the life
course of ASD in order to develop appropriate interven-
tions and systems of support. The availability of psy-
chosocial interventions for adults with ASD is limited
(Bishop-Fitzpatrick et al. 2013). A deeper understanding of
the phenotype in adulthood, and the contextual factors that
may shape it, is necessary to improve the quality of the
services provided to this population. Longitudinal research
designs are necessary to chart the course of development
and to identify antecedents of change (see Seltzer et al.
2004 for a review). By studying within-person change,
longitudinal research designs can avoid or reduce the
confound of differences in diagnostic and intervention
practices across generations, which is often present in
cross-sectional studies. Many existing longitudinal studies
have focused on small, clinically-referred samples, how-
ever, which limit the generalizability of the findings to
individuals with ASD living in the community more
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broadly. To reduce this bias, the present study employed a
sample of adolescents and adults recruited from commu-
nity settings.

Adult Outcomes for Individuals with ASD

Historically, outcomes for individuals with ASD in adult-
hood were poor (Henninger and Taylor 2012; Levy and
Perry 2011), but more recent longitudinal studies have
documented improvements with age across several
domains of functioning (Anderson et al. 2014; Seltzer et al.
2004). There are several domains of functioning that have
broader impacts on opportunities for education, work, and
independent living, including maladaptive behavior, autism
symptom severity, and daily living skills (Lowe et al.
2007). Lifespan changes in these facets of functioning
appear to be highly variable across studies and individuals,
however, with some evidencing improvement while others
show no improvement or even deterioration (Levy and
Perry 2011).

Maladaptive behaviors are behaviors that interfere with
everyday activities, including self-injurious, withdrawn,
uncooperative, aggressive or destructive behaviors. Indi-
viduals with ASD have higher levels of maladaptive
behaviors than their peers with other IDDs, from childhood
through adulthood (Brereton et al. 2006; Totsika et al.
2011). Maladaptive behaviors generally improve with age
among individuals with ASD (Einfeld et al. 2006; Howlin
2005; Matson and Horovitz 2010; Murphy et al. 2005; Shea
and Mesibov 2005; Totsika et al. 2010), although
improvement is not universally observed across studies.
Within longitudinal studies, distinct patterns of change in
maladaptive behaviors have been reported for individuals
with ASD (Gray et al. 2012).

Change in the core symptoms diagnostic of ASD is an
important focus of longitudinal research. Although most
individuals diagnosed in childhood continue to meet
criteria for ASD in adulthood (Billstedt et al. 2007,
Howlin et al. 2004), there is longitudinal and cross-
sectional evidence to suggest age-related improvements
in the severity of autism symptoms (Chowdhury et al.
2010; Esbensen et al. 2009; McGovern and Sigman
2005; Seltzer et al. 2004). Similar to maladaptive
behaviors, longitudinal studies of autism symptoms have
observed heterogeneous change. While many improve,
some individuals with ASD show persistent or worsening
autism symptoms into adulthood (Chowdhury et al. 2010;
Fecteau et al. 2003).

Daily living skills represent a central component of
adaptive behavior, a set of skills used on a daily basis that
are related to general intelligence but provide a more
nuanced representation of the strengths and limitations an
individual demonstrates in everyday life (Paskiewicz

2009). The development of daily living skills may be
particularly challenging for individuals with ASD, who
show significant impairments compared to their peers
without diagnosed disabilities (Liss et al. 2001; Perry et al.
2009). Individuals with ASD generally demonstrate
improvement in daily living skills with age (Beadle-Brown
et al. 2000, 2006; Chadwick et al. 2005a, b), however their
rate of improvement may be slowed compared to their
peers with other IDDs or no diagnosed disabilities (Beadle-
Brown et al. 2000, 2006; Di Nuovo and Buono 2007;
Matson et al. 2009).

Developmental Trajectories Among Individuals
with ASD

In our previous work, we have examined change in
maladaptive behaviors, autism symptoms and daily living
skills using data from a prospective, longitudinal study
of adolescents and adults with ASD (Seltzer et al. 2003).
Despite general trends toward improvement, a subset of
12 % of adults worsened (i.e., increased) in autism
symptom severity and 11 % worsened (i.e., increased) in
maladaptive behaviors over an 8.5 year period (Wood-
man et al. 2015). Over a 10 year period, rates of
improvement in daily living skills in this sample were
found to slow as adults reached their late 20s (Smith
et al. 2012). Taken together, these studies suggest
heterogeneity in patterns of change across adolescence
and adulthood.

To date, our studies have relied on variable-centered
approaches to describe within-person changes and
between-person differences on individual outcomes. These
analytic methods are well suited for research questions
quantifying the impacts of individual and contextual fac-
tors on development, but they do not consider individual
profiles across multiple domains of development (Laursen
and Hoff 2006). An alternative class of techniques
embraces a person-centered approach, which prioritizes a
holistic view of an individual’s functioning. Proponents of
person-oriented approaches argue that “the complex,
dynamic processes of individual functioning and develop-
ment cannot be understood by summing results from
studies of single variables taken out and investigated in
isolation from the context of other, simultaneous operating
variables” (Magnusson 1998, p. 60). Analytic methods
stemming from this view, such as latent profile analysis
(LPA), aim to identify groups of individuals with similar
values on a variety of outcomes (Schmiege et al. 2012).
These approaches identify unique patterns across out-
comes, yet are limited to indices of functioning measured
at a single time point. Integrating variable-centered and
person-centered analyses would provide a more complete
understanding of lifespan change in the autism phenotype.
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Individual Risk Factors

Several characteristics of individuals with ASD have been
highlighted as critical predictors of long-term outcomes.
Limitations in verbal abilities, more severe autism symp-
toms, the presence of ID, and female gender may set the
stage for diminished growth in critical areas of functioning
throughout adolescence and adulthood. The acquisition of
language before age 5 has been found to predict better
functioning in adulthood, including autism symptoms,
adaptive behaviors and social skills (Magiati et al. 2014;
Pickles et al. 2014). Greater autism-related impairments in
childhood may predict poorer adult outcomes related to
mental health, independent living, employment and social
relations (Howlin et al. 2013). Individuals with ASD and
comorbid ID are generally reported to have worse out-
comes in adulthood than their peers with ASD without ID,
including autism symptom severity (McGovern and Sig-
man 2005; Shattuck et al. 2007; Woodman et al. 2015),
maladaptive behaviors (Gray et al. 2012; Shattuck et al.
2007; Woodman et al. 2015), and daily living skills
(Beadle-Brown et al. 2000; Smith et al. 2012). Some
studies have reported women with ASD to have poorer
outcomes in adulthood (e.g., Billstedt et al. 2007), although
the findings are mixed (Reinhardt et al. 2015).

Contextual Influences

Systems theories view development as the product of the
dynamic relation between individuals and their contexts
which changes over time (Sameroff 2010). The developing
individual is embedded within multiple layers of context,
including family, school, and community (Bronfenbrenner
1979, 1992). A nurturing and supportive family environ-
ment is central to promoting optimal outcomes, since many
day-to-day interactions occur within this setting. One
aspect of the family environment that appears particularly
salient to the development of individuals with ASD is the
level of maternal expressed emotion. Expressed emotion
refers to a construct representing key aspects of interper-
sonal relationships in everyday life, including criticism,
hostility, warmth, positive remarks and emotional over-
involvement (Wearden et al. 2000). Since expressed emo-
tion is measured through parent narrative, this method
reduces reliance on parent self-report that may lead to
shared variance biases. Researchers have explored links
between the components of expressed emotion and out-
comes for individuals with ASD (Greenberg et al. 2006;
Smith et al. 2008; Woodman et al. under review).
Maternal critical and positive remarks are key dimen-
sions of maternal expressed emotion. Criticism captures the
extent to which the mother displays disapproval of her son
or daughter. Criticism measured through parent narrative is
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associated with behavioral observations of antagonism,
negativity, disgust, harshness and lower responsiveness in
parent—child interactions (McCarty et al. 2004). Within
families raising children with ASD, maternal criticism is
predictive of behavior problems (Baker et al. 2011;
Greenberg et al. 2006; Hastings et al. 2006) and autism
symptom severity (Greenberg et al. 2006) in both cross-
sectional and longitudinal studies. Positive family pro-
cesses may be equally influential on development. The
number of positive remarks, or praise, measured through
maternal narrative has been found to have positive impacts
on autism-related impairments and maladaptive behaviors
among adolescents and adults with ASD (Smith et al. 2008;
Woodman et al. 2015).

As children age, the school environment becomes an
increasingly salient context for development. Perhaps the
most characteristic of the school environment for students
with ASD is the extent to which they are included in
general academic and social activities within the school.
Inclusion in general education classrooms has been found
to have positive impacts on adaptive behavior, academic
achievement and social interactions for students with IDD
(Hunt and McDonnell 2007). Few studies to date have
considered the impact of inclusive education practices on
the symptoms and behaviors characteristic of ASD.
Moreover, the long-term effects of educational context on
outcomes in adulthood remains underexplored for this
population.

The Present Study

The first goal of this study was to jointly employ and
integrate variable-centered and person-centered approaches
to identify groups (or classes) of individuals with ASD who
have similar profiles of change over a 10 year period on the
domains of maladaptive behaviors, autism symptoms, and
daily living skills. The second goal was to identify indi-
vidual characteristics and contextual factors that predict
class membership. Based on past research, we expected
that females with ASD and those who have comorbid ID
would be less likely to belong to a class with desirable
trajectories than males with ASD and those without
comorbid ID. We further hypothesized that individuals
who developed verbal language by age 4-5 would be more
likely to follow a desirable developmental course through
adulthood. As additional controls, we accounted for the
influence of age, level of autism symptom severity at age
4-5, and maternal education. With respect to contextual
factors, we predicted that, once all of the above charac-
teristics are controlled, individuals who experienced partial
or full inclusion in academic and social activities during
their school years would be more likely to belong to a class
with positive growth trajectories. Individuals with ASD
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who had mothers rated high in positive remarks and
mothers rated low in critical remarks were expected to
follow a desirable developmental course.

Methods
Participants

Participants were drawn from an ongoing, naturalistic
observational longitudinal study of 406 individuals with
ASD and their families, the Adolescents and Adults with
Autism Study (Seltzer et al. 2003). Analyses in the present
study used data from five waves of data collection spanning
10 years: wave 1 (1998-2000), wave 2 (2000-2001), wave
3 (2002-2003), wave 4 (2004-2005), wave 7 (2007-2008),
and wave 8 (2009-2010). These time points will be refer-
red to as Times 1-6 for the purposes of the present paper.
Families were recruited in Massachusetts (N = 204) and
Wisconsin (N = 202) through agencies, schools, diagnos-
tic clinics and media announcements. Identical recruitment
procedures were used in both states.

Families met three criteria at the start of the study: (1)
the family included a child with an ASD diagnosis given by
an independent medical, psychological, or educational
professional, (2) the child with ASD was 10 years of age or
older, and (3) the child’s scores on the research-adminis-
tered autism diagnostic interview-revised (ADI-R; Lord
et al. 1994) were consistent with an ASD diagnosis. Of the
406 participants, 384 (94.6 %) met criteria for autistic
disorder on the ADI-R: qualitative impairments in com-
munication and language, qualitative impairments in
reciprocal social interaction, repetitive, restrictive, and
stereotyped behaviors with an onset of symptoms prior to
36 months. The remaining 22 participants (5.4 %)
demonstrated a pattern of impairment on the ADI-R that
was consistent with a diagnosis of Asperger’s disorder or
pervasive developmental disorder-not otherwise specified
(PDD-NOS).

The present sample consisted of 364 families for which
at least two waves of data on the outcome variables were
available. The majority of the participants were male
(74 %) and 70 % had a comorbid diagnosis of ID. Partic-
ipants ranged in age from 10 to 52 years (M = 21.85,
SD = 9.42) at Time 1. More than half of participants
(65 %) lived in the family home at the start of the study.
Most parents were married (78 %) at that time. With
respect to maternal education, 25 % had a high school
degree or less, 22 % had some college, 21 % had an
associate’s or bachelor’s degree and the remainder had
advanced degrees. Maternal age ranged from 32 to
81 years (M = 50.75, SD = 10.45) at Time 1. More than
half of mothers (66 %) were employed. Most mothers

(94 %) identified as White. The median household income
at the start of the study was $50,000-59,999. Descriptive
statistics on adult and family factors measured at the start
of the study are provided in Table 1. There were no sta-
tistically significant differences between the analytic sam-
ple (n = 364) and the remaining families in the original
sample (n = 42) with respect to maternal age, state of
origin, household income, child age, and child gender.

The study spanned over 10 years (1998-2010). Due to
attrition, however, the average participant was followed for
8.22 years (SD = 3.07). More than half of families (56 %)
participated in all six time points used in the present
analyses. An additional 10 % participated in five time
points, followed by 14 % with four time points, 10 % with
three time points, and 10 % with two time points. Attrition
cases and complete cases did not differ in their likelihood
of class membership, therefore it does not appear to be the
case that individuals with undesirable trajectories were
more likely to drop out of the study.

Measures

The present analyses drew data from 6 time points. With
respect to outcome variables, maladaptive behaviors and
autism symptoms were assessed at each time point and
daily living skills was assessed at Times 1, 4, 5, and 6. All
of the adult and family factors that were included as pre-
dictor variables were measured at the start of the study
(Time 1), although some relied on retrospective report. For
instance, the extent of inclusion during school, the level of
verbal language at age 4-5, and the extent of autism
symptoms at age 4-5 were based on maternal retrospective
reports at Time 1. Means and standard deviations are
reported for outcome variables at each time point in
Table 2.

Family Characteristics

Maternal education was recorded at Time 1. For the present
analyses, maternal education was coded as I = high school
degree or less and 0 = more than high school degree and
served as a predictor variable.

Child Characteristics

The age (in years) and gender (1 = female and 0 = male)
of the adolescent or adult with ASD was recorded at Time
1. Use of verbal language during early childhood (age 4-5)
was based on parent report on the ADI-R at Time 1. Par-
ticipants were coded as having I = daily functional use of
spontaneous or stereotyped language or 0 = no functional
use of three word phrases, fewer than five words total, or
speech was not used daily at age 4-5. Age, gender, and
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Table 1 Descriptive statistics for predictor variables

Predictor N (%)* M (SD)
Age 21.85 (9.42)
Intellectual disability

Yes 256 70

No 108 30
Gender

Male 270 74

Female 94 26
Maternal education

High school degree or less 90 25

Some college 79 22

Associates or bachelor’s degree 76 21

Post bachelor’s degree or graduate degree 119 33
Verbal language at age 4-5

Daily functional use of spontaneous or stereotyped language 131 36

No functional use of three word phrases, fewer than five words total, or speech not used daily 233 64
Autism symptoms at age 4-5 18.86 (1.58)
Education context while in school

No inclusion 138 38

Partial inclusion 171 47

Full inclusion 55 15
Maternal positive remarks 2.15 (2.17)
Maternal critical remarks 0.31 (0.82)

* Categories may not add to 100 % due to rounding

Table 2 Descriptive statistics for outcome variables

Time point Age Range Maladaptive behaviors Autism symptoms Daily living skills
M (SD) M (SD) M (SD) M (SD)

1 21.85 (9.42) 10.15-52.08 115.43 (10.87) 26.15 (7.51) 19.64 (6.78)

2 23.55 (9.53) 11.32-53.92 112.93 (10.07) 25.81 (8.21) - -

3 24.85 (9.36) 12.73-52.41 113.05 (10.50) 25.28 (8.20) - -

4 26.21 (9.25) 14.61-53.31 111.44 (10.27) 24.28 (9.02) 20.60 (7.45)

5 29.72 (9.01) 18.31-57.10 110.71 (9.62) 24.94 (9.07) 20.57 (7.88)

6 31.07 (8.85) 19.79-58.83 109.93 9.19) 23.73 (9.51) 20.47 (8.13)

verbal language at age 4-5 served as predictors in this
study.

Intellectual Disability

Individuals with standard scores of 70 or below on the
Wide Range Intelligence Test (Glutting et al. 2000) and the
Vineland Screener (Sparrow et al. 1993) were classified as
having ID, consistent with diagnostic guidelines (Luckas-
son et al. 2002). For individuals with scores between 71
and 75, clinical consensus among three independent raters
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(one master’s level and two Ph.D. level clinical psychol-
ogists) was reached based on available records (e.g., stan-
dardized assessments, clinical and school records).
Comorbid diagnosis of ID (1 = comorbid ID, 0 = no
comorbid ID) was used as a predictor in this study.

Education Context
At Time 1, mothers were asked “during the time your son

or daughter is/was in school, how would you describe his
or her level of inclusion with peers who do not have
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disabilities?” Response options included “no inclusion in
school for both academic and non-academic activities”,
“partial inclusion in school for either academic or non-
academic activities”, and “full inclusion in school for both
academic and non-academic activities”. Indicator variables
were created for partial inclusion and full inclusion, with
the reference category as no inclusion, and used as pre-
dictor variables.

Family Context

The Five Minute Speech Sample (FMSS) was used to code
maternal positive and critical remarks at Time 2 based on
the coding manual developed by Magafia et al. (1986).
Mothers were asked to speak about their child with ASD
for 5 min uninterrupted. The speech sample was tape-
recorded, transcribed, and coded for various components of
expressed emotion. As part of the protocol for coding the
FMSS, raters recorded the number of times a mother made
a positive remark or a critical remark about her son or
daughter. Ratings were performed by a coder blind to the
study’s hypotheses with more than 20 years of experience
in coding all aspects of expressed emotion. The number of
positive remarks and the number of critical remarks were
used as predictors in this study. The number of positive
remarks ranged from O to 11 and the number of critical
remarks ranged from O to 7. These variables were nega-
tively correlated, r = —.13, p = .01.

Maladaptive Behaviors

Maladaptive behaviors were based on the Problem
Behavior subscale of the Scales of Independent Behavior-
Revised (Bruininks et al. 1996) at each time point. Mothers
indicated the presence of maladaptive behaviors across
three domains: internalized (hurtful to self, unusual or
repetitive habits, withdrawn or inattentive behavior),
externalized (hurtful to others, destructive to property,
disruptive behavior) and asocial (socially offensive and
uncooperative behavior). Each type of behavior problem
was coded as manifested during the past 6 months (1) or
not manifested (0). Parents who indicated that their son or
daughter displayed a given behavior problem during the
past 6 months then rated the frequency of the behavior,
from 1 = less than once a month to 5 = one or more
times/h, and the severity of the behavior, from 1 = not
serious to 5 = extremely serious. Standardized algorithms
(Bruininks et al. 1996) were used to translate the frequency
and severity ratings into an overall maladaptive behavior
score. Reliability and validity have been established by
Bruininks et al. (1996). The overall maladaptive behavior
score was used as an outcome in this study, with higher
values indicating higher levels of maladaptive behavior.

Autism Symptoms

The ADI-R (Lord et al. 1994) was used to measure autism
symptoms at each time point. The ADI-R was conducted as
a standardized investigator-driven interview with the
mother. Items on this measure are based on criteria for an
autism diagnosis outlined by the Diagnostic and Statistical
Manual of Mental Disorders-Fourth Edition (DSM-IV-TR;
American Psychiatric Association 2000) and the Interna-
tional Classification of Diseases (World Health Organiza-
tion 1987). Mothers were asked to report on their son or
daughter’s current level of impairment at each time point.
At time 1, mothers were also asked to retrospectively
report on their son or daughter’s level of impairment during
childhood. Items were coded as 0 = no abnormality pre-
sent, 1 = possible abnormality, and 2 = definite abnor-
mality across four primary symptom domains: repetitive
behaviors and stereotyped interests, impairments in social
reciprocity, impairments in non-verbal communication,
and (for verbal participants only) impairments in verbal
communication. Some items also contained a possible
score of 3 = extreme abnormality.

Items on the verbal communication scale were excluded
for this study since not all participants had verbal com-
munication, including the item regarding overall level of
verbal language. The count of autism symptoms (0 = ab-
sent, 1 = present) at age 4-5 served as a predictor variable
in the present analyses, with values reflecting the number
of impairments out of 25 total. To calculate level of autism
symptoms from Time 1 to Time 6, values of 3 (extreme
abnormality) were first recoded to 2 (definite abnormality)
to retain consistency in scoring across items. Scores were
summed across the 25 items so that greater values on the
outcome variable represented greater autism symptom
severity.

The interviewers who administered the ADI-R partici-
pated in an approved training program. Interrater reliability
was high for individual items between two interviewers
and two supervising Ph.D. clinical psychologists experi-
enced in the diagnosis of autism and the use of the ADI-R.
The ADI-R has demonstrated good test—retest reliability,
diagnostic validity, convergent validity and specificity and
sensitivity in past research (Hill et al. 2001; Lord et al.
1994).

Daily Living Skills

Independence in activities of daily living was measured at
Times 1, 4, 5 and 6 using the Waisman Activities of Daily
Living Scale (W-ADL; Maenner et al. 2013). Mothers were
asked to rate the independence of their son or daughter in
17 activities of daily living (e.g., prepare simple foods,
grooming) on a three-point scale (0 = does not do at all,

@ Springer



182

J Autism Dev Disord (2016) 46:176-189

1 = could do but does not/ldoes with help, 2 = indepen-
dent). The W-ADL has demonstrated strong internal con-
sistency as well as criterion and construct validity for
individuals with ID (Maenner et al. 2013). The total score
served as an outcome in this study, with higher values
indicating greater independence in activities of daily living.

Analytic Plan

Change in maladaptive behaviors, autism symptoms, and
daily living skills was first examined through hierarchical
linear modeling using HLM software version 6 (Rauden-
bush et al. 2008). For each of these domains, unconditional
growth models were conducted as a function of time in
years. Time was centered at the first time point so that the
intercepts would represent initial levels of functioning.
Change in each domain was not modeled as a function of
chronological age because participants were not the same
age at the start of the study. Since age would need to be
centered at a specific value for the HLM analyses (for
example, 21.85 years to represent the mean age at Time 1),
this value would not be meaningful for individuals who
older or younger (e.g., 16- or 40-year-old). We elected to
model change as a function of time so that the intercept
would have meaning for all participants. Hierarchical lin-
ear modeling allows the number and spacing of observa-
tions to vary across individuals (Raudenbush and Bryk
2002). Complete data on the outcome variable and equal
spacing between observation time points is not required.
The intercepts and linear slopes for each participant on
each outcome were saved and entered as observed indica-
tors in the LPA, resulting in six parameters total.

The LPA was conducted using MPlus version 7 (Muthén
and Muthén 2010). LPA is a type of mixture modeling, a
family of techniques in which individuals are classified into
subpopulations based on heterogeneity in the data (Sch-
miege et al. 2012). Unlike cluster analysis, mixture mod-
eling classifies individuals into groups based on latent,
unobserved heterogeneity. In LPA, individuals with similar
responses across a variety of observed indicators are
grouped into the same class, while individuals with dif-
ferent responses are grouped into different classes. LPA
provides estimates of each individual’s likelihood of
membership in each class, unlike traditional cluster anal-
ysis approaches. These posterior probabilities can be used
to estimate the precision of classification (Muthén 2001).

Classes were based on the growth parameters for mal-
adaptive behaviors, autism symptoms, and daily living
skills derived from the unconditional growth models, with
two growth parameters (intercept, linear slope) per out-
come. Although some outcomes were defined by quadratic
change, there was insufficient variability across individuals
in rates of acceleration to permit the LPA models to
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converge. Therefore, each participant’s change over the
study period was defined by initial levels and rates of linear
change based on an additional set of hierarchical linear
growth models. In estimating the LPA models, the inter-
cept and slope within each outcome were permitted to
correlate (e.g., intercept for ADI-R with slope for ADI-R).
Growth parameters were not permitted to correlate across
outcomes, such that neither the intercepts (e.g., intercept
for ADI-R with intercept for SIB-R) nor slopes (e.g., slope
for W-ADL with slope for ADI-R) across outcomes was
permitted to correlate, as this reduced model fit. Model fit
was determined using the Bayesian information criterion
(BIC), the adjust Bayesian information criterion (ABIC),
the Lo Mendell Rubenstein likelihood ratio test (LMR
LRT), and entropy (Pastor et al. 2007).

Individuals were classified based on their posterior
probabilities of membership. In other words, individuals
were assigned to the class for which they had the highest
posterior probability of membership. The likelihood of
assignment to the class with the most desirable profile of
change in functioning across the study period was com-
pared to the likelihood of membership in other classes
using logistic regression.

A variety of adult and family factors measured at the
start of the study were included as predictor variables.
Differences in the chronological age of the participants was
statistically controlled. Additional predictors included
demographic control variables (comorbid ID, gender,
maternal education), controls for level of functioning in
childhood (verbal language at age 4-5, autism symptoms at
age 4-5), and variables related to the educational (level of
inclusion while in school) and family (maternal positive
remarks, maternal critical remarks) context. Missing data
on predictor variables were imputed using the Markov
Chain Monte Carlo procedure in SPSS version 19. Data
were found to be missing completely at random (MCAR)
using Little’s MCAR test, xz =199, df=3, p=.57.
Overall, 5 % of values were missing. Results present
estimates pooled across five imputed data sets, since it is
recommended in the literature to impute at least one data
set per percentage of data missing (White et al. 2011).
Pooling results across multiple imputed data sets is rec-
ommended since excluding cases with missing data biases
estimates and reduces statistical power (Widaman 2006).

Results
Unconditional Growth Models
Change in maladaptive behaviors, autism symptoms, and

daily living skills was first examined through hierarchical
linear modeling. As seen in Table 3, trajectories of
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Table 3 Unconditional growth
models for maladaptive
behaviors, autism symptoms,
and daily living skills

Maladaptive behaviors

b (SE)

Autism symptoms
b (SE)

Daily living skills
b (SE)

Fixed effects
Intercept
Linear slope

Quadratic slope

115.11 (0.55)%+*
—1.00 (0.16)%*
0.05 (0.01)%*

26.08 (0.39)***
—0.17 (0.04)***

19.67 (0.36)%**
0.34 (0.08)++*
—0.03 (0.01)%*%

Variance (SD)

Variance (SD)

Variance (SD)

Random effects
Intercept
Linear slope
Quadratic slope
Level-1

85.30 (9.24)x
1.73 (1.32)%%%
0.01 (0.08)*

29.55 (5.44)

49.48 (7.03)%%*
0.23 (0.48)%#*

12.79 (3.58)

42.11 (6.49)%%*
0.67 (0.82)%+*

<0.01 (0.07)***
4.04 (2.01)

¥ p < .05; % p < 01; % p < 001

maladaptive behaviors followed a curvilinear pattern.
Improvement was observed over the course of the study, as
evidenced by declines in maladaptive behaviors, but rates
of improvement slowed over time. There was significant
variability between individuals in initial levels, linear, and
quadratic change. Trajectories of autism symptoms were
observed to follow a linear pattern, with rates of
improvement constant across the study period. There was
significant variability in initial levels and linear change in
autism symptoms. Lastly, trajectories of daily living skills
followed a curvilinear pattern. Overall, individuals
improved over the course of the study, but rates of
improvement slowed over time. There was significant
variability between individuals in initial levels, linear, and
quadratic change for daily living skills.

Latent Profile Analysis

Individuals were grouped into classes based on the
parameters derived from the unconditional growth models
(intercept, linear slope) for maladaptive behaviors, autism
symptoms, and daily living skills. A three-class solution
based on these 6 indicators was marginally better than a
two-class solution according to BIC (7657.85 vs. 7702.05)
and AIC (7498.06 vs. 7592.93) values, but not entropy
values (0.75 vs. 0.75). The LMR LRT indicated that a
three-class solution did not significantly improve model fit
compared to a two-class solution (p = .47), therefore a
two-class solution was selected. A four-class solution
included a group too small for meaningful analysis (<5 %
of the sample). Overall, individuals were classified with
high levels of precision in the two-class solution. The
average posterior probability was 0.93 for the assigned
class and 0.07 for the unassigned class. In other words,
individuals were classified with 93 % confidence on
average.

The results for the two-class solution are presented in
Table 4. Individuals in Class 1 had significantly lower
levels of maladaptive behaviors than individuals in Class 2
at the start of the study. Rates of change in maladaptive
behaviors over the course of the study did not differ
between classes. Autism symptoms at the start of the study
were significantly lower (i.e., fewer symptoms) for indi-
viduals in Class 1 than Class 2. Individuals in Class 1 also
displayed greater improvements in autism symptoms over
time, as evidenced by a significantly faster rate of decline
than Class 2. Lastly, individuals in Class 1 had significantly
higher levels of daily living skills at the start of the study.
These individuals also evidenced faster improvements in
daily living skills, as seen by a significantly higher rate of
growth for Class 1 than Class 2. The average trajectory for
each class was plotted for maladaptive behaviors (Fig. 1),
autism symptoms (Fig. 2), and daily living skills (Fig. 3).

Predictors of Class Membership

The likelihood of membership in Class 1, the class with the
more desirable profile of change, was predicted based on
contextual factors measured at the start of the study, net of
control variables (Table 5). Several control variables sig-
nificantly related to class membership. Given the range of
ages represented in the sample, age at the start of the study
was included as a control variable. Older individuals were
found to be significantly more likely to be in Class 1.
Individuals with comorbid ID were 85 % less likely to be
Class 1. Follow-up descriptive statistics indicated that
30 % of individuals with ID in the sample were assigned to
Class 1 based on their posterior probabilities of trajectory
group membership. Gender and maternal education did not
relate to class membership. Level of functioning in child-
hood predicted the likelihood of membership in Class 1.
There was a trend toward an increased likelihood for
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Table 4 Growth parameters for

maladaptive behaviors, autism Domain Class 1 (N = 165) Class 2 (N = 199) Group comparison
symptoms, and daily living M (SD) M (SD) t
skills by class
Maladaptive behaviors
Intercept 110.78 (6.26) 117.65 (8.97) —8.57#**
Linear slope —0.54 (0.38) —0.53 (0.50) —0.31
Autism symptoms
Intercept 21.42 (5.59) 29.93 (4.88) —15.5]%%**
Linear slope —0.33 (0.31) —0.04 (0.24) —9.91%#*
Daily living skills
Intercept 24.44 (4.36) 16.06 (4.65) 17.61%%*
Linear slope 0.20 (0.28) —0.03 (0.23) 8.44%
*p <.05; ** p < .01; ¥** p <.001
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Fig. 1 Maladaptive behaviors
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Fig. 2 Autism symptoms

individuals with daily functional use of language at age 4-5
to belong in Class 1. The number of autism symptoms at
age 4-5 was significantly predictive of class membership,
with higher levels of impairment in childhood associated
with a reduced likelihood of membership in Class 1. For
each additional impairment present, the likelihood of
membership in Class 1 was reduced by 26 %.

Next, we examined the extent to which family and
educational context factors predicted class membership.

@ Springer
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Fig. 3 Daily living skills

Table 5 Logistic regression predicting membership in class 1

Predictor b (SE) Odds ratio

Control variables

Age 0.08  (0.02)*** 1.08

Intellectual disability —1.92  (0.35)*** 0.15

Gender (female) 0.17  (0.31) 1.19

Maternal education® —0.54 (0.34) 0.58

Verbal language at age 4-5 057  (03D)F 1.76

Autism symptoms at age 4-5  —0.30  (0.11)** 0.74
Family context

Maternal positive remarks 0.25  (0.07)%** 1.29

Maternal critical remarks 0.00 (0.21) 1.00
Education context while in school

Full inclusion® 1.67  (0.49)*** 5.33

Partial inclusion® 1.24  (0.33)%** 3.46
Constant 361 21N" 36.93

T p <.10; * p < .05; * p < .01; *** p < 001
41 = high school degree or less, 0 = more than high school degree

b . . .
Reference category is no inclusion
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With respect to the family context, the number of positive
remarks coded from maternal speech samples was predic-
tive of class membership, net of other factors. For each
additional positive remark made during the FMSS, the
likelihood of membership in Class 1 was increased by
29 %. The number of critical remarks coded from maternal
speech samples was not associated with class membership.
Concerning the educational context, the level of inclusion
experienced while in school predicted the likelihood of
membership in Class 1. Net of other factors, individuals
who experienced partial inclusion were nearly 4 times
more likely to be in Class 1 as individuals who experienced
no inclusion. Individuals who experienced full inclusion
were over 5 times more likely to be in Class 1 compared to
individuals who experienced no inclusion.

Although age at the start of the study was statistically
controlled in the logistic regression analysis, we conducted
follow up analyses to confirm the pattern of results in two
subsamples of varying ages. First, we excluded the oldest
quartile of the sample (age 26.06 or older at Time 1). The
results of the logistic regression model were replicated in
this subsample. Second, we excluded the youngest quartile
of the sample (age 14.88 or younger at Time 1). Again,
these results were replicated in the subsample.

Discussion

Using data from a prospective, longitudinal study, the
present research provided a comprehensive and integrative
understanding of changes in the autism phenotype into
adulthood and the contextual factors that predict that
change. Given the age range of the sample, this study
captured changes during the critical transition from ado-
lescence to adulthood (Seltzer et al. 2011). This study
integrated variable- and person-centered approaches to
identify groups of individuals with ASD with similar pro-
files of change across a variety of domains of functioning.
Importantly, above and beyond individual characteristics
and early childhood functioning, aspects of both family and
school contexts were found to predict developmental
pathways for the adolescents and adults in this sample. The
findings highlight contextual factors that may be targeted
for intervention to promote adaptation in individuals with
ASD into adulthood. This study also demonstrated the
value of integrating a variety of methodological approaches
to studying change.

On average, autism symptoms, maladaptive behaviors,
and daily living skills were observed to improve for the
adolescents and adults in this sample over the course of the
study. These findings replicated and extended results from
our previous work with this sample and support the exist-
ing literature base on each of these individual areas of

functioning. Age-related improvements in this population
have been documented for maladaptive behaviors (Einfeld
et al. 2006; Howlin 2005; Matson and Horovitz 2010;
Murphy et al. 2005; Shea and Mesibov 2005; Totsika et al.
2010), autism symptoms (Chowdhury et al. 2010; Esbensen
et al. 2009; McGovern and Sigman 2005; Seltzer et al.
2004), and daily living skills (Beadle-Brown et al. 2000,
2006; Chadwick et al. 2005a, b).

Research examining individual areas of functioning has
led to important knowledge about changes in the autism
phenotype over time as well as the contribution of indi-
vidual and contextual risk and protective factors. Consid-
ering these outcomes in isolation of each other, however,
limits our understanding of patterns of functioning for
individuals throughout the life course. This is the first
study, to our knowledge, that jointly considered age-related
changes across multiple domains of functioning in this
population. Using person-centered analytic methods, we
identified two classes of individuals with distinct profiles of
change over time. One class of individuals revealed a
desirable pattern of consistent improvement in maladaptive
behaviors, autism symptoms and daily living skills over
time, while the other class showed considerably less
improvement in autism symptoms and daily living skills
but similar levels of improvement in maladaptive behaviors
over the study period. Of note, no class was identified with
a pattern of global deterioration over time. The significant
degree of change, especially by individuals in Class 1,
speaks to the behavioral plasticity of individuals with ASD
during adolescence and adulthood.

Above and beyond characteristics of the individual with
ASD, aspects of the family and school environment influ-
enced the likelihood of following the developmental course
characterized by improvement. Mothers who made more
positive remarks about their son or daughter with ASD
during a short speech sample provided early in the study
were significantly more likely to have adult children who
subsequently followed a desirable trajectory of global
improvement across adolescence and adulthood. By con-
trast, the number of critical remarks made during this
speech sample did not separately relate to later trajectories
of functioning. This finding speaks to the power of positive
family processes in promoting behavioral plasticity and
shaping outcomes for individuals with ASD. Even into
adolescence and adulthood, maternal praise and positivity
may continue to impact the functioning of individuals with
ASD. Interventions that promote maternal positivity may
confer indirect benefits to individuals with ASD, although
further research is needed.

The level of inclusion experienced in academic and
social activities is a defining characteristic of the school
experience for youth with ASD. Our findings extended the
understanding of the effects of inclusive education, as the
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experience of partial and full inclusion during the school
years had strong associations with the likelihood of an
individual demonstrating positive developmental trajecto-
ries of autism symptoms, maladaptive behaviors and daily
living skills into adulthood. This association was found
even after accounting for earlier levels of functioning,
specifically the number of autism symptoms present in
childhood as well as ID status. These findings underscored
the importance of inclusive educational practices. Within
inclusive classrooms, students with ASD can be meaning-
fully integrated into the general academic and social
activities (Hunt and McDonnell 2007). Successful inclu-
sion of students with ASD is aided by strategies such as
collaborative teaching, where general and special educa-
tion teachers work together to support the academic pro-
gress and social participation of all students (Hunt et al.
2003). Curricula developed with principles of universal
design for learning (UDL) in mind also serve to promote
the inclusion of students with ASD. Providing students
with multiple means of representation, expression, and
engagement renders general education curricula more
accessible to a wider variety of learners, including students
with IDD (Meyer et al. 2013). Although federal law
mandates a free, appropriate public education in the least
restrictive environment (Individuals with Disabilities
Education Act 1997), only 39 % of students with autism
spent most (80 % or more) of their school day in general
education settings in 2011 (U.S. Department of Education
2015). In the present sample, 47 % received at least part-
time inclusion while only 15 % received full-time inclu-
sion. Our findings suggested that early investment and
commitment to inclusive education may yield long-term
benefits to critical domains of adult functioning for indi-
viduals with ASD, although more longitudinal research in
this area is necessary.

Although we propose that maternal positive remarks and
inclusive educational settings led to improved functioning
over the long term for individuals with ASD, these results
should be interpreted with caution since the reverse
direction of effects could also be true. It is possible that
higher levels of functioning early on set the stage for a
more positive family climate and a more inclusive educa-
tional experience, however we attempted to control for
early levels of functioning through verbal language ability
and level of autism symptoms at age 4-5. As an additional
limitation, we did not examine change in contextual factors
over time. Future research will need to confirm and extend
our findings.

Certain characteristics of the individuals with ASD
predicted the likelihood of following a positive develop-
mental trajectory, in line with previous research with this
population. The likelihood of following trajectories of
improvement in autism symptoms, maladaptive behaviors
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and daily living skills was reduced by 85 % for individuals
with comorbid ID, net of other individual and contextual
factors. Gender, however, was not predictive of long-term
outcomes in this study. Limitations in the development of
language is generally associated with worse functioning
(Howlin et al. 2004; Liss et al. 2001; Park et al. 2012; Shea
and Mesibov 2005), however the importance of verbal
language abilities at age 4-5 was diminished by other
individual and contextual factors in the present study.
Beyond simple verbal ability, individuals with more aut-
ism-related impairments in childhood were less likely to
follow a trajectory of improvement later in adulthood.

This study is not without its limitations. First, the
majority of participants identified as White (94 %). This
percentage was slightly higher than US census estimates
for Massachusetts (86 %) and Wisconsin (90 %) in 2000
when the study began (Grieco 2001). The generalizability
of the results to other racial and ethnic groups is therefore
limited. Racial and ethnic disparities in access to high
quality health care may be exacerbated by a diagnosis of
autism (Magafia et al. 2012), which could impact the
developmental course of autism symptoms, maladaptive
behaviors and daily living skills. The ability to identify a
group of individuals with a pattern of global deterioration
over time may have been limited by the small sample size
of those who deteriorated, or age of the sample. It may be
the case that declines are not observed until later in
adulthood. Significant declines in neurocognitive function
implicated in ASD, such as social cognition, executive
functioning, local-global processing, and memory, may not
be evident until individuals age into their 60s and beyond
(Happé and Charlton 2011). An additional limitation is the
reliance on mother report for measures related to childhood
and adult functioning. The information about level of
inclusion while in school, provided by the mothers, did not
capture variability in the level of inclusion across schooling
or the quality of the inclusion experience for these indi-
viduals. Future research should incorporate teacher-report
or observational measures. Lastly, although we selected
outcome measures that are sensitive to changes across a
wide age range of children, adolescents, and adults, we did
not confirm the validity of instruments in the analytic
sample.

Despite these limitations, this study contributes to the
limited literature on adult outcomes in ASD. Adults with
ASD have ongoing needs for services and supports, yet
little research on the autism phenotype in adulthood exists
to inform the nature of these interventions (Shattuck et al.
2012). The present study highlighted two critical spheres of
influence on development within a community-based
sample of adolescents and adults with ASD. The positivity
of the family emotional climate and the level of inclusion
in the classroom setting represent potential points of
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intervention in childhood and adolescence that may have
lasting impacts on functioning into adulthood. The core
domains of autism symptoms, maladaptive behaviors and
daily living skills have widespread implications for
opportunities for education, work, and independent living
(Lowe et al. 2007).
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