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Executive Summary

Background

In recent years, public attention has focused on the number of children diagnosed with autism
spectrum disorders or ASDs, which include autism, Asperger’s disorder, and “pervasive develop-
mental disorder—not otherwise specified” or PDD-NOS. The estimated prevalence in the U.S. is
about 1 in 151 children 8 years of age. In December 2007, Congress authorized $162 million for
fiscal year 2008 for autism spectrum disorders to fund the Combating Autism Act. Traditionally,
behavioral and educational interventions for children with ASDs have fallen within the domain
of public education systems.

Early Intensive Behavioral Intervention based on Applied Behavior Analysis or ABA (hereafter
referred to as “EIBI”) is among the most commonly cited and best-researched intervention for
these children. EIBI was championed by researchers led by L.ovaas at the University of California
Los Angeles (UCLA) in the 1970s and 1980s. This Special Report is a systematic review on the
effectiveness of EIBI; the intent is to inform the public discussion. Other uses of ABA are not
addressed in this Report.

Children with autism spectrum disorders face many difficulties; this condition is a challenge for
them and for their families. This Report systematically reviews the evidence on EIBI because it is
important to know which interventions are most effective, especially for conditions like ASDs that
have such a profound impact on peoples’ lives. If we are not sure what works in treating any
disorder and do not push forward with learning what does work, the people who are affected
may potentially be deprived of benefit.

Objective

To conduct a systematic review of the research literature on the use of EIBI among young children
with autism, pervasive developmental disorder, or Asperger’s disorder. A systematic review “aims
to identify all relevant primary research, undertake standardized appraisal of study quality, and
synthesize the studies of acceptable quality” (Hunink et al. 2001). Three questions are addressed
in this Special Report:

Question 1. How effective is EIBI in improving the functioning of children with autism spectrum

disorders, and how does it compare to other early intervention approaches?
Question 2. Can patient characteristics be identified that predict better outcomes from EIBI?
Question 3. Does the effect of EIBI vary with the intensity of treatment?

NOTICE OF PURPOSE: TEC Assessments are scientific opinions, provided solely for informational purposes. TEC Assessments
should not be construed to suggest that the Blue Cross Blue Shield Association, Kaiser Permanente Medical Care Program or the
TEC Program recommends, advocates, requires, encourages, or discourages any particular treatment, procedure, or service; any
particular course of treatment, procedure, or service; or the payment or non-payment of the technology or technologies evaluated.
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Search Strategy

A literature search was conducted of articles in peer-reviewed journals published between 1966
(MEDLINE®) or 1970 (PsychLit®) and July 2008. The search terms were related to autism, perva-
sive developmental disorders, (applied) behavior therapy, and other behavior modification (for
the specific list, see text). A more narrowly defined update was performed in January 2009 using
MEDLINE®.

Selection Criteria

Selection criteria for this systematic review were that the study:

1. reported on the use of EIBI compared to another treatment strategys;

2. attempted to identify features of EIBI that had the most impact on its effectiveness; or
3. sought to identify children most likely to benefit from EIBI.

Exclusion criteria were:

1. the sample size was less than 10, including single-subject studies;

2. the interventions were very poorly described;

3. the interventions were not comprehensive, addressing a number of domains affected by ASD,
but rather were narrowly focused, e.g., only on speech or play;

4. the intervention within a treatment group was heterogeneous, combining a variety of methods;

. the experimental intervention was not intensive (i.e., less than 20 hours per week);

6. the study did not directly measure outcomes through a direct assessment of the child’s achieve-
ment but relied, for example, on follow-up through telephone surveys with parents; and

7. the study was published before 1987, when the seminal article on EIBI by Lovaas was released.

Qv

Single-subject studies were excluded for two reasons. First, they aim to evaluate the effect of

an intervention on a specific individual, rather than on a group of diverse individuals with the
condition. We are interested in the latter objective: how effective is EIBI among children with
ASDs in the U.S.? Group designs, ideally randomized, controlled trials, but also nonrandomized
comparative studies, are the only type that can address this question. Second, in a report in 2001
on small clinical trials, the Institute of Medicine identified a set of criteria to consider in deciding
whether or not to perform single-subject studies, which they call “n-of-1,” trials. Several aspects
of researching EIBI among children with ASDs make it more difficult to derive valid results from
the single-subject design, including the inability to use blinding, the variability of the condition
over time, and the carryover effect. In single-subject designs, the goal is for the researcher to
repeat a task or approach several times, alternated with other tasks, and measure the impact of
each. But if the effect of the first task is long lasting, as one would want it to be in children with
ASDs, it makes it impossible to separate the impact of that first task from all subsequent tasks and,
thereby, undermines the utility of this approach. As a result, the selection criteria for this Report
are limited to group designs.

Results

Sixteen studies were abstracted, including 2 randomized, controlled trials; 9 nonrandomized,
comparative studies; and 5 single-arm studies. No studies were found that included children
with Asperger’s disorder; 4 studies explicitly included children with PDD or PDD-NOS. The 5
single-arm studies addressed Questions 2 and 3; this study design could not provide information
on Question 1.

Overall, the quality and consistency of results of this body of evidence are weak. Consequently,

no conclusions can be drawn from this literature on how well EIBI works. Weaknesses in research
design and analysis, as well as inconsistent results across studies, undermine confidence in the
reported results. It is important to distinguish between certainty about ineffectiveness and uncer-
tainty about effectiveness. Based on the weakness of the available evidence, we are uncertain
aboul the effectiveness of EIBI for ASDs.
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Conclusions and recommendations for future studies are as follows:

m Randomized, Controlled Trials. Autism and PPD-NOS are highly variable conditions, with sub-
stantial differences both in each child’s symptoms and progression over time. Since it is difficult
to measure those differences and to predict reliably who will do better in the short and long
term, the best way to evaluate the impact of EIBI is to conduct randomized, controlled trials
with enough children that any differences are likely to be evenly distributed across treatment
groups. If children in one treatment group demonstrate more progress than children in com-
parison treatment groups, then we can be fairly confident in the results. Unfortunately, only two
randomized, controlled trials have been conducted, and they compared different interventions,
had small sample sizes, and came to different conclusions.

m Larger Sample Sizes. Only two studies included more than 50 children, and 10 had fewer than
30, including the 2 randomized, controlled trials. Given the variation in the presentation and
progression of autism spectrum disorders, larger sample sizes are necessary to detect small to
moderate differences between treatments. They are also required for the analyses needed to deal
with potential analytical difficulties when children are not randomly assigned to a treatment.

m Greater Consistency. The types of treatment vary greatly, both within and across the avail-
able studies, especially for the control groups. Adding to the complexity is the use of different
approaches to measure symptoms and progress over time. These factors make it difficult to
interpret the results and to aggregate evidence across studies.

m Longer Follow-up. As the American Academy of Pediatrics has pointed out, autism spectrum
disorders are generally chronic conditions. Children may progress at differing rates. While
results of treatment after a year or two are relevant, only longer follow-up can demonstrate
whether durable outcomes—with academic achievement and the ability to function at school
and work—are attained. About half of the studies followed children for approximately 2 years
or less, and some for only 1 year. This is not sufficient follow-up time to assess the potential
impact of an intervention over a lifetime.

® Incremental Research Strategy. For ethical reasons, randomized, controlled trials cannot be
performed comparing EIBI to no treatment. However, they can be done comparing various
aspects of treatment (e.g., length and intensity, behavioral versus other approaches, differ-
ent combinations of behavioral strategies, type of person providing the intervention, extent of
parental involvement, and setting). The results of such studies can be used to build an under-
standing of which strategies are most effective for which types of children with ASD, so that
the benefit of the intervention can be optimized for each child, and time and effort will not be
wasted on less-effective strategies.

The results for each question are summarized below.

Question 1. How effective is EIBI in improving the functioning of children with autism
spectrum disorders, and how does it compare to other early intervention approaches?

The strongest evidence is provided by two randomized, controlled trials (Smith et al. 2000;

Sallows and Graupner 2005). However, weaknesses in research design, differences in the treat-
ments and outcomes compared, and inconsistent results mean that the impact of EIBI versus other
treatments on outcomes for children with autism cannot be determined. For example, Sallows

and Graupner (2005) found that children in the experimental and control groups improved
significantly over time, but there was no statistically significant difference in the rate of improve-
ment between groups. Smith et al. (2000), in contrast, found that the experimental group had
significantly better cognitive and communication skills than the control group at follow-up, but
there was no difference between the groups’ adaptive skills.
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The EIBI treatments used in the two studies also varied: For example, Sallows and Graupner
(2005) compared groups receiving clinic-directed therapy for 39 hours per week in year 1 versus
a parent-directed therapy averaging 32 hours per week. So both groups had fairly intensive, ABA-
based therapy and differed on the precise hours of treatment and the intensity of supervision by
more experienced staff. Smith et al. (2000), in contrast, compared a clinic-run program for about
25 hours per week versus special education classes for 10-15 hours per week combined with a
parent training program. The evidence is insufficient to determine whether or not EIBI is more
effective than alternative approaches for children with ASDs.

Question 2: Can patient characteristics be identified that predict better outcomes from EIBI?

Given the lack of a definitive answer to Question 1 on the relative effectiveness of EIBI, Question 2
on whether there are characteristics of children that predict a greater likelihood of success cannot
be answered either. However, researchers have attempted to measure the relationship between
specific characteristics and outcomes. The ideal method of identifying characteristics likely to
predict treatment outcomes is to examine treatment by covariate (i.e., child characteristics) inter-
action terms in the context of a randomized, controlled trial. Such analyses can be performed for
nonrandomized studies, but the evidence is weaker due to the uncertain influence of initial dif-
ferences between the treatment groups. Single-arm studies can suggest candidate characteristics
that could be investigated in future randomized, controlled trials. Therefore, the reported results
should be interpreted with caution. Age and cognitive functioning at intake (usually measured by
1Q) were the most commonly studied characteristics in the studies included in this review. Three
of the 4 studies examining the impact of pretreatment cognitive functioning found that it signifi-
cantly predicted outcomes, while one (a randomized, controlled trial) did not. The findings on

age were more variable, with some studies suggesting that younger age at the start of therapy is

a predictor of better outcomes (e.g., Howard et al. 2005), while others found no difference based
on initial age (e.g., Magiati et al. 2007).

Question 3: Does the effect of EIBI vary with the intensity of treatment?

The findings on whether more intense treatment leads to better outcomes were inconsistent,

and no conclusions can be drawn. In a nonrandomized study, Lovaas and colleagues (Lovaas 1987;
McEachin et al. 1993) reported that outcomes were better in the more-intensive group (more

than 40 hours per week versus 10 or fewer hours per week). This study has a number of limita-
tions, however, including lack of randomization; use of multiple instruments to measure the same
outcome; and focus on 1Q and school placement, while overlooking other important outcomes
such as socialization and communication. Sallows and Graupner (2005) randomized children

into groups receiving about 39 versus 32 hours per week and detected no difference in outcomes
across groups. However, the variation in intensity was not as great in this study, and there were
other differences in the programs as well (e.g., clinic- versus parent-directed therapy programs).

Author’s Comments and Conclusions

The variability of presentation and progression among children with autism spectrum disorders,
as well as potential differences in delivery of behavioral interventions, make this topic challenging
to study. Nevertheless, given the importance of caring for children with ASD, additional research
is needed to identify those characteristics of treatment—content, technique, intensity, starting and
ending age, etc.—that maximize its effectiveness. Because of the challenges in launching a very
large randomized trial and the ethical necessity to provide some treatment to the control group,
this body of research needs to be built piece by piece, with a series of studies that investigate dif-
ferent components of the larger research question. For this to be effective, however, the overall
quality of studies needs to be improved, including a greater emphasis on randomized, controlled
trials, where at all possible; substantially larger sample sizes; uniformity of outcomes evaluated
and instruments used to measure them; and consistent treatments that do not vary widely within
treatment groups (i.e., experimental or control group).
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The cost of continuing the current course of assuming that EIBI works may not be obvious. EIBI is
coslly financially for society and requires a large time commitment from children, their families,
and their teachers or therapists. However, these programs may not appear to pose any harm for
the children themselves. Nevertheless, the opportunity costs could be high, indeed, of providing
suboptimal care to these children, simply because we as a society do not know what works best.
The children may be treated with an intervention that is not as effective as the alternatives. And

if we accept an intervention because it seems to work, without solid evidence, research on the
alternatives or on how it can be improved is likely to be stifled.
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Objective

This Special Report provides a systematic
review of the research literature on the use of
Early Intensive Behavioral Interventions based
on Applied Behavioral Analysis or ABA (hereaf-
ter referred to as “EIBI”) among young children
with autism spectrum disorders (ASD). ASDs
consist of autism, pervasive developmental
disorder, and Asperger’s disorder. Other uses

of ABA are not addressed in this Report.

Children with autism spectrum disorders face
many difficulties; this condition is a challenge
for them and for their families. This Report
systematically reviews the evidence on EIBI
because it is important to know which inter-
ventions are most effective, especially for
conditions like ASDs that have such a profound
impact on peoples’ lives. If we are not sure
what works in treating any disorder and do not
push forward with learning what does work,
the people who are affected may potentially be
deprived of benefit.

The primary focus is on studies that compare
more than one type of comprehensive interven-
tion for these children and were published in
peer-reviewed journals in 1987 or later. Three
questions are addressed:

Question 1. How effective is EIBI in
improving the functioning of children
with autism spectrum disorders, and
how does it compare to other early
intervention approaches?

Question 2. Can patient characteristics
be identified that predict better
outcomes from EIBI?

Question 3. Does the effect of EIBI
vary with the intensity of treatment?

Background

Autism Spectrum Disorders

According to the American Psychiatric
Association’s (2000) Diagnostic and Statistical
Manual of Mental Disorders (4th edition—text
revision), autism falls under a larger category
called pervasive developmental disorders. This
category includes autistic disorder, Asperger’s
disorder, pervasive developmental disorder not
otherwise specified (PDD-NOS), Rett’s disorder,
and childhood disintegrative disorder. The
focus of this Special Report is on the first three,
which are called autism spectrum disorders

(ASD). Detailed criteria for each type can be
found at www.cdc.gov/ncbddd/autism/over-
view_diagnostic_criteria.htm.

According to the National Institute of Mental
Health (NIMH 2004), “...all children with ASD
demonstrate deficits in 1) social interaction,

2) verbal and nonverbal communication, and
3) repetitive behaviors or interests. In addi-
tion, they will often have unusual responses to
sensory experiences, such as certain sounds or
the way objects look. Each of these symptoms
runs the gamut from mild to severe. They will
present in each individual child differently.”

The most recent data on the prevalence of
ASDs cited by the U.S. Centers for Disease
Control and Prevention (CDC) come from sites
in 14 states in 2002. ASD prevalence is about
6.6 per 1,000 children 8 years of age, or 1in 151,
but the proportion varies by geography, race,
and source of diagnostic information (MMWR
2007). Estimates of the prevalence of mental
retardation (intelligence quotient [IQ] less than
70) range from 40% to 70% among children
with autism (Ben-Itzchak and Zachor 2007).

Governmental action in response to public
concern about ASDs includes Congressional
passage of the Combating Autism Act, which
was signed into law on December 19, 2006.
This law authorized almost $1 billion over a
5-year period for screening, education, early
intervention, and research on autism spectrum
disorders. On December 26, 2007, about $162
million was authorized for fiscal year 2008
under this Act, including about $109 million

to the National Institutes of Health for research;
$36 million to the Health Resources and
Services Administration for autism services,
diagnosis, and treatment; and $16 million

to the CDC for increasing awareness and
surveillance.

A cost-benefit analysis of EIBI for children
with autism was published in 1998 using data
from Pennsylvania (Jacobson et al. 1998). The
authors estimated that the annual costs for EIBI
ranged from $33,000 to $50,000. The authors
compared those costs to potential benefits to
age 55 and concluded that the costs of EIBI
were more than offset by savings later in life.
The cost figures used in this analysis are out-
dated as of this writing. The analysis is also
based on a number of assumptions, including
that children will be in an EIBI program for

3 years and that 20-50% of participants will
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achieve normal functioning, 10% will receive
minimal benefits, and the rest will fall in
between. These assumptions are open to
question, since the evidence on the effective-
ness of EIBI is weak and inconclusive, as this
Report will conclude.

Another cost-effectiveness analysis by Chasson
et al. (2007) modified Jacobson’s approach and
applied it to the state of Texas. They compared
3 years of EIBI based on discrete trial training
(hours per week unclear) followed by educa-
tion in regular classrooms for 72% of the chil-
dren to 18 years of special education if EIBI is
not used. They also assumed a relatively low
cost for a parent-directed EIBI program focus-
ing on discrete trial training of $22,500 per
year. They concluded that using EIBI would
save money, but their assumptions about the
effectiveness of EIBI (that 72% of children
would enter regular classrooms) are about 50%
higher than even Lovaas’s findings and simply
are not supported by the evidence.

Treatments for ASD

The appropriate treatment of autism is impor-
tant to affected families and the public. There
is a range of interventions used, including
medications to control symptoms (for a broad
discussion, see Hollander and Anagnostou
2007); a variety of behavioral and educational
approaches; and alternative approaches, such
as gluten- and casein-free diets. An Internet
survey of parents of children with autism con-
ducted by the Autism Society of America with
552 responses reported that the 10 most com-
monly used treatments (in order of current use)
were speech therapy, visual schedules, sensory
integration, applied behavior analysis, social
stories, vitamin C, vitamin B6, essential fatty
acids supplement, picture exchange communi-
cation systems, and casein-free diet (Green et
al. 2006).

Early Intensive Behavior Intervention Based
on Applied Behavior Analysis: Overview.
According to Cohen et al. (2006), EIBI as
originally tested at the University of California
Los Angeles (UCLA) relied exclusively on
“behavioral techniques such as unambiguous
instruction, shaping through positive reinforce-
ment of successive approximations, systematic
prompting and fading procedures, discrimina-
tion learning, and careful task analysis.” The
impact of the specific approaches is assessed
frequently for each child, often weekly, by the
therapist/tutor providing the service, parents,

and more skilled or experienced supervisors.
Adjustments are then made in an effort to
individualize the intervention and maximize
the benefits.

One of the commonly used techniques is
discrete trial training, which takes place one-
on-one between the person providing the inter-
vention and the child (Smith et al. 2007). The
therapist provides clear instructions, follows
highly specific procedures for prompting the
correct response and fading the prompts, and
then provides immediate reinforcement for the
correct response. Positive reinforcers include
providing food and objects, as well as social
reinforcers such as praise and hugs.

The original model included aversive interven-
tions, such as saying “no” loudly or slapping
the child’s thigh. Over time, the model was
modified to remove the aversive approaches.
Other changes also evolved, such as general-
izing learned behaviors to new environments,
which these children may find difficult to do
otherwise, and moving toward more naturalis-
tic behavioral interventions, such as incidental
teaching (where lessons are based on naturally
occurring situations with the teacher follow-
ing the child’s lead) and natural language
paradigm/pivotal response training (the latter
focuses on developing pivotal behavioral skills,
such as motivation and the ability to respond
to multiple cues, rather than on narrower,
individual tasks) (Myers et al. 2007).

EIBI: Seminal Research by Lovaas and UCLA
Team. In 1987, Lovaas published a study on

19 children participating in EIBI (Group 1:
more than 40 hours per week) and two control
groups (Group 2: 10 or fewer hours per week;
Group 3: subjects from another study). After
5—4 years’ follow-up, he found that 47% of the
children in the EIBI group were in a normal
classroom and had achieved 1Q levels in the
average or above-average range. Only one child
from the primary control group (with therapy
10 or fewer hours per week) achieved the same
result. McEachin et al. (1993) published longer-
term follow-up data (omitting Group 3) with
continued positive results from EIBI therapy.
(More details of these studies are provided in
the evidence tables later in this Report).

Lovaas’s results generated both optimism

that children with autism could “recover” and
controversy about the validity of the research
methods and the strength of the results. Among
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the criticisms leveled at the Lovaas study (1987;
follow-up in McEachin et al. 1993) were the
following (see, for example, Gresham and

MacMillan 1997a; Bassett et al. 2000; Shea 2004):

® subjects were not randomized to treatment
and in fact were not comparable across
groups (e.g., difference in sex ratios);

® the timing of follow-up assessments
was unclear;

m the use of different instruments to measure
cognitive functioning at intake and follow-up
could affect the results;

m the focus on IQ and school placement over-
looked impairment in other domains;

m some of the testing was done by a single
graduate student after 20 minutes with
the child;

m teachers’ observations of the children’s
functioning were not reported;

® (reatment integrity was inadequately
documented; and

m overall, the research was criticized for
producing unrealistic expectations about the
ability of EIBI to help children with autism
attain normal developmental status.

As Shea (2004) states:
Many well-intentioned service providers,
parents, and advocates have overlooked,
misinterpreted, or inadvertently misstated
the results of the early research studies (e.g.,
Lovaas, 1987; McEachin et al. 1993) that are
generally cited as the empirical foundation
of early intensive behavioral intervention or
EIBI...[I]t is time for advocates and profes-
sionals to stop citing the figure of 47 percent
and the concepts of ‘normal functioning’,
being ‘indistinguishable from average chil-
dren’, and having ‘recovered’ from autism...
[I]t is time for the professional community to
acknowledge to families that although EIBI
may be beneficial there is no evidence that it
results in ‘recovery’ or ‘normal’ functioning
in 47 percent of its recipients.

Smith and Lovaas (1997) responded to their
critics, but the controversy continued (see also
Gresham and MacMillan 1997b). Furthermore,
other studies have not been able to replicate
the same degree of benefit as Lovaas and
colleagues reported.

Systematic Review for Province of British
Columbia. A systematic review was prepared
in 2000 for the British Columbia Office of
Health Technology Assessment (Bassett et al.
2000), which specifically focused on whether

EIBI results in normal functioning for children
with autism. Studies were included if they dealt
with preschool populations with autism; evalu-
ated interventions for autism described as early,
applied behavioral analysis, behavioral therapy,
or intensive, home-based program; measured
overall functioning, including intellectual, lan-
guage, social interaction and play, adaptive or
self-care skills, and maladaptive behavior; and
included a treatment and a control group. The
authors identified 4 studies that met these crite-
ria, including the Lovaas/McEachin et al. study,
Birnbrauer and Leach (1993), Sheinkopf and
Siegel (1998), and Ozonoff and Cathcart (1998).
The Bassett et al. review concludes that
...while many forms of intensive behav-
ioral therapy clearly benefit children with
autism [although the review is not designed
to address this issue], there is insufficient,
scientifically-valid effectiveness evidence
to establish a causal relationship between a
particular program of intensive, behavioral
treatment, and the achievement of ‘normal
functioning’.

Although this review is useful, it has several
major limitations for the purposes of this
Special Report. First, in addition to searching
MEDLINE®, the authors apparently did not
search for relevant studies in PsychLit, where
additional work on this topic is found. Second,
the criteria for assessing study quality do not
include some important elements, such as the
use of intention-to-treat analysis or adjust-
ment for confounding variables, and whether
there was substantial loss to follow-up. Third,
the focus of the review is solely on whether
EIBI results in normal functioning or a cure; it
does not look at improvement in function. This
Special Report has a broader focus, namely,
whether outcomes are better for children with
ASD who participated in EIBI compared to
other treatments.

American Academy of Pediatrics
Recommendations. In November 2007, the
American Academy of Pediatrics (AAP) released
two clinical reports on caring for children with
autism spectrum disorders, one on screening
and diagnosis (Plauche Johnson et al. 2007) and
the other on management (Myers et al. 2007).
The first report provides an algorithm for sur-
veillance and screening for ASDs. The second
focuses on caring for children with autism.

The process used to develop these reports is
not stated, and the findings do not appear to be
based on a systematic review. Approximately a
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dozen primary studies on the use of EIBI with
ASDs are cited.

The authors state that educational interven-
tions are the “cornerstones” of management of
ASDs. These educational interventions include
behavioral strategies and habilitative therapies
and focus on socialization, adaptive sKkills,
communication, amelioration of interfering
behaviors, generalization of lessons learned
across environments, and academic learning.
Medications may help manage a child’s mal-
adaptive behaviors or psychiatric comorbidities
and thereby the children may gain more from
the educational interventions, but they are not
the primary treatment.

The authors also note that early childhood
educational programs are built on several
models, including behavior analytic (discussed
in this Report), developmental, and/or struc-
tured teaching. Their recommendations
include the following:

®m Children should be entered in an early
childhood educational program as soon as
an ASD diagnosis is seriously considered;

® The intervention should be highly struc-
tured and intensive, with the child actively
involved at least 25 hours per week for
12 months per year;

m The student-to-teacher ratio should be
low enough to allow “sufficient” amounts
of 1:1 time and small group instruction;

= A family component should be included;
Opportunities to interact with typically
developing peers should be provided;

m There should be ongoing measurement of
the child’s progress and changes in approach
when indicated; and

® The following domains should be addressed:
communication; social skills; functional
adaptive skills; reduction in disruptive or
maladaptive behavior; cognitive skills; and
traditional readiness and academic sKkills,
as developmentally indicated.

The authors review a number of specific inter-
ventions and reach the following conclusions
regarding EIBI:
The effectiveness of ABA-based intervention
on ASDs has been well-documented through

5 decades of research by using single-subject
methodology and in controlled studies of
comprehensive early intensive behavior
intervention programs in university and
community settings....Proponents of behav-
ior analytic approaches have been the most
active in using scientific methods to evaluate
their work, and most studies of comprehen-
sive treatment programs that meet minimal
scientific standards involve treatment of
preschoolers using behavioral approaches.
However, there is still a need for additional
research, including large controlled studies
with randomization and assessment of
treatment fidelity.

Thus, while the AAP endorses the use of
EIBI, among other possible interventions, it
implicitly recognizes the limited evidence on
its effectiveness and calls for further, high-
quality research.

Systematic Reviews or Meta-Analyses

in 2008 and 2009

In October 2008, a systematic review and
meta-analysis on early applied behavior
interventions (ABI) was released online by

the Journal of Pediatrics (Spreckley and Boyd
2008). The authors stated that they followed
the guidelines of the Cochrane Developmental,
Psychosocial and Learning Problems Review
Group. Thirteen systematic reviews and
randomized or quasi-randomized controlled
trials of ABIs for preschool school children (age
18 months to 6 years) with ASD or pervasive
developmental delay (PDD) initially met the
inclusion criteria.! The databases searched
included Cochrane, MEDLINE®, EMBASE,
PsychINFO, CINAHL, and AMED. Four articles
were included in the meta-analysis, 2 of which
were from the same study (Eikeseth et al. 2002,
2007). The other 2 studies were the random-
ized, controlled trials by Sallows and Graupner
(2005) and Smith et al. (2000).

Spreckley and Boyd pooled the results for cog-
nitive skills, expressive and receptive language,
and adaptive behavior. The authors found no
significant differences between children receiv-
ing ABI versus the comparison groups for any
of these outcomes. They reported low (for

"'The 13 articles include 9 of the articles covered in this Special Report (Cohen et al. 2006; Eikeseth et al. 2002, 2007; Howard et

al. 2005; Magiati et al. 2007; McEachin et al. 1993; Sallows and Graupner 2005; Sheinkopf and Siegel 1998; Smith et al. 2000). The
other 4 and the reason for exclusion in this Special Report are as follows: Bernard-Opitz et al. 2004 (not intensive and treatments
of short duration [10 weeks total]); Eldevik et al. 2006 (low-intensity treatments); Jocelyn et al. 1998 (not EIBI); Koegel et al. 1996

(not EIBI).
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cognitive skills and expressive language) to
moderate (for receptive language and adaptive
behavior) heterogeneity using the I? statistic.
The authors then state, “This meta-analysis has
limitations in that there was high variability

in the studies included, difficulty establishing
control groups, and no standardization of the
comparison intervention, limited information
on retention in the intervention groups, and
lack of strict inclusion and exclusion criteria.”
These limitations should have precluded the
use of meta-analysis to combine the results
from these studies. Therefore, the results of the
meta-analysis are open to question.

In January 2009, another systematic review,
without meta-analysis, was published on

EIBI for children with autism by Howlin et al.
(2009). The authors identified 13 articles based
on 11 comparative studies for inclusion.? The
authors point out that the scarcity of evalua-
tions conducted by researchers who are not
directly involved in the therapy is cause for
concern. However, they do not rate the quality
of the studies, a key component of a systematic
review. Summarizing results without taking
into account study quality weights outcomes
from stronger and weaker studies equally,
potentially distorting the conclusions. Also,
while the authors point out wide variation
across studies, in both design and outcomes,
they discuss the possibility of an individual-
level meta-analysis. As mentioned above,
meta-analysis is not warranted when the
studies are so dissimilar.

A “comprehensive synthesis” on EIBI based on
the UCLA model for children with autism was
also published in January 2009 (with earlier
online release) (Reichow and Woolery 2009).
The authors included 14 studies, treating the
two arms of Sallows and Graupner (2005)
separately.’ The authors provide both descrip-
tive and quantitative summaries; the latter
include, for example, calculations of effect size
and meta-analysis. They point out many of the
methodological limitations of the studies and
caution against overinterpretation of the find-
ings, yet they state in the abstract that “The
findings suggest EIBI is an effective treatment,
on average, for children with autism.” As dis-

cussed above with regard to Spreckley and
Boyd (2008) and Howlin et al. (2009) and below
in our conclusions, we believe that the hetero-
geneity of the interventions used in studies on
EIBI and the significant methodological weak-
nesses should preclude the use of meta-analysis
and of reaching any general conclusions about
the effectiveness of EIBI among children with
ASD. Reichow and Woolery (2009) also con-
clude the following: “No comparisons between
EIBI and other widely recognized treatment
programs have been published. Without
comparisons between EIBI and empirically
validated treatment programs, it is not possible
to determine if EIBI is more or less effective
than other treatment options.” At this point,
given the general consensus that children

with autism should receive treatment, it is

the comparative effectiveness of EIBI that is
the critical question.

Methods

Systematic Review
A systematic review is a highly structured
method for evaluating and synthesizing
research findings on a clearly defined research
question. This method provides a key underpin-
ning for the practice of evidence-based medi-
cine. The Cochrane Collaboration, a voluntary,
international effort to produce systematic
reviews, defines the term as follows (Higgins
and Green 2008):
A systematic review attempts to collate all
empirical evidence that fits pre-specified
eligibility criteria in order to answer a
specific research question. It uses explicit,
systematic methods that are selected with
a view to minimizing bias, thus providing
more reliable findings from which conclu-
sions can be drawn and decisions made
(Antman 1992, Oxman 1993). The key
characteristics of a systematic review are:
m a clearly stated set of objectives with
pre-defined eligibility criteria for studies;
B an explicit, reproducible methodology;
B a systematic search that attempts to
identify all studies that would meet
the eligibility criteria;

2 The studies are Lovaas 1987; McEachin et al. 1993; Smith et al. 1997; Sheinkopf and Siegel 1998; Smith et al. 2000; Eikeseth et al.
2002, 2007; Sallows and Graupner 2005; Howard et al. 2005; Cohen et al. 2006; Eldevik et al. 2006; Magiati et al. 2007; Remington

et al. 2007.

> The studies are Lovaas 1987; Anderson et al. 1987; Birnbrauer and Leach 1993; Smith et al. 1997; Sheinkopf and Siegel 1998;
Smith et al. 2000; Bibby et al. 2002; Boyd and Corley 2001; Sallows and Graupner 2005; Cohen et al. 2006; Eldevik et al. 2006;

Eikeseth et al. 2007; Magiati et al. 2007.
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®m an assessment of the validity of the
findings of the included studies, for
example through the assessment of
risk of bias; and

B a systematic presentation, and synthesis,
of the characteristics and findings of the
included studies.

A more succinct definition is that a systematic
review “aims to identify all relevant primary
research, undertake standardized appraisal
of study quality, and synthesize the studies of
acceptable quality” (Hunink et al. 2001). In
essence, a systematic review provides a well-
constructed road map to what is known about
an intervention.

Literature Search

A literature search was conducted of articles
published in peer-reviewed journals between
1966 [MEDLINE®] or 1970 [PsychLit] and

July 2008. It yielded 390 citations; 71 were
duplicates, for a total of 319 abstracts or titles
reviewed. The following search terms were
used: (1) (child development disorders, per-
vasive [MH] OR autis* [TIAB] OR pervasive
[TIAB] OR asperger® [TIAB]) AND (aba [TIAB]
OR behavior therapy [MH]| OR (applied [TIAB]
AND behavi* [TIAB] AND analysis [TIAB])

OR (behavi* [TIAB] AND (therap* [TIAB] OR
modification [TIAB]))) and (2) (((behavior
therapy, mj) or (behavior modification, mj)) or
((applied, any) and (behavi*, any) and (analysis,
any))) and ((autism, mj) or (pervasive develop-
mental disorders, mj) or (aspergers syndrome,
mj)). A more narrowly defined update was
performed in January 2009 using MEDLINE
and searching for (exp Behavior Therapy/ OR
Lovaas.mp. OR EIBL.mp.) AND (exp Autistic
Disorder/ or exp Asperger Syndrome/). It was
limited to articles that had abstracts and were
published in 2008 or 2009.

Selection Criteria

Selection criteria for this systematic review

were that the study

1. reported on the use of EIBI based on ABA
compared to another treatment strategys;

2. attempted to identify features of EIBI that
had the most impact on its effectiveness; or

3. sought to identify children most likely to
benefit from EIBI.

Exclusion criteria were
1. the sample size was less than 10,
including single-subject studies;
2. the interventions were very poorly described;

3. the interventions were not comprehensive,
addressing a number of domains affected
by ASD, but rather were narrowly focused,
e.g., only on speech or play;

4. the intervention within a treatment group
was heterogeneous, combining a variety
of methods;

5. the experimental intervention was not
intensive (i.e., less than 20 hours per week);

6. the study did not directly measure outcomes
through a direct assessment of the child’s
achievement but relied, for example, on
follow-up through telephone surveys with
parents; and

7. the study was published before 1987,
when the seminal article on EIBI by
Lovaas was released.

From the literature search, 13 studies (15 arti-
cles) were identified that met selection criteria.
An additional 3 studies were identified from
reference lists and abstracted. A list of excluded
studies is found in the Appendix. No additional
studies meeting selection criteria were found
among the 26 articles published in 2008 and
identified in the more limited, January 2009
search update.

Single-subject studies were excluded for two
reasons: First is the inability to generalize from
the experience of an individual to populations.
Single-subject studies aim to evaluate the effect
of an intervention on a specific individual
rather than on a group of diverse individuals
with the condition. We are interested in the
latter objective: how effective is EIBI among
children with ASDs in the U.S.? Group designs,
ideally randomized, controlled trials, but also
nonrandomized, comparative studies, are the
only type that can address this question. The
therapy itself can still be individualized for
each patient in the group, following a common
set of principles, while comparing the effective-
ness overall of this individualized approach to
other therapies.

Second, in a report in 2001 on small clinical
trials, the Institute of Medicine identified a set
of criteria to consider in deciding whether or
not to perform single subject, which they call
“n-of-1,” trials (Evans and Ildstad 2001). Some
aspects of researching EIBI among children
with ASDs are amenable to a single-subject
design, such as the fact that the condition is
chronic and the treatment effectiveness is
uncertain for each individual. But others make
it more difficult to derive valid results from the
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single subject design, including the inability

to use blinding, the variability of the condition
over time, and the carryover effect. In single-
subject designs, the goal is for the researcher to
repeat a task or approach several times alter-
nated with other tasks and measure the impact
of each. But if the effect of the first task is long
lasting, as one would want it to be in children
with ASDs, it makes it impossible to separate
the impact of that first task from all subsequent
tasks and thereby undermines the utility of this
approach. With a single subject, there is no way
to differentiate between the effect of a specific
strategy and the order or time at which it was
introduced. Meta-analyses of single-subject
designs cannot resolve this issue, because a
conglomerate of individuals may not be repre-
sentative of the entire population of possible
candidates for this intervention. As a result,

the selection criteria for this review are limited
to group designs.

Assessment of Study Quality

For assessing the quality of randomized trials

and nonrandomized comparative studies, the

general approach to grading evidence devel-
oped by the U.S. Preventive Services Task Force

(Harris et al. 2001) was applied.

m [nitial assembly of comparable groups:
adequate randomization, including conceal-
ment and whether potential confounders
(e.g., other concomitant care) were distrib-
uted equally among groups

m Maintenance of comparable groups
(includes attrition, crossovers, adherence,
contamination)

® [mportant differential loss to follow-up
or overall high loss to follow-up

® Measurements: equal, reliable, and valid
(includes masking of outcome assessment)
Clear definition of interventions
All important outcomes considered
Analysis: adjustment for potential
confounders, intention-to-treat analysis

An overall rating of good, fair, or poor is

applied as follows (also from Harris et al. 2001):

® Good—all criteria are met;

m Fair—some criteria are not met fully but
there are no “fatal flaws”;

® Poor—there is one or more fatal flaws,
including “groups assembled initially are
not close to being comparable or maintained
throughout the study; unreliable or invalid
measurement instruments are used or not

applied at all equally among groups (includ-
ing not masking outcome assessment);

and key confounders are given little or no
attention. For [randomized, controlled trials],
intention to treat analysis is lacking.”

The quality of included single-arm intervention
studies was assessed based on a set of study
characteristics proposed by Carey and Boden
(2003), as follows:

Clearly defined question

Well-described study population
Well-described intervention

Use of validated outcome measures
Appropriate statistical analyses
Well-described results

Discussion and conclusion supported by data
Funding source acknowledged

There is no commonly agreed upon set of
outcomes or instruments used to gauge
improvement in children with autism. The only
instrument used across most of the studies is the
Vineland Adaptive Behavior Scale (VABS). The
key domains considered in assessing whether
the criterion, “all important outcomes consid-
ered,” has been met are cognitive, communica-
tion, social interaction, and adaptive behavior.

Meta-analysis can be used to combine results
from multiple randomized controlled trials, but
the basic characteristics of the studies—such as
the interventions compared and the outcomes
measured—must be similar. The results are
also more persuasive if there are more than
just a few randomized, controlled trials.

Medical Advisory Panel Review

This Special Report was reviewed by the

Blue Cross and Blue Shield Medical Advisory
Panel (MAP) in February 2009. To maintain
the timeliness of the scientific information

in this Special Report, the literature search
was updated in January 2009 (see “Search
Methods”). The more narrowly defined update
did not identify any additional studies that met
the criteria for detailed review.

Of note, a Special Report on molecular karyo-
typing by array comparative genomic hybrid-
ization (aCGH) for the genetic evaluation of
patients with developmental delay/mental
retardation and autism spectrum disorder was
reviewed by the MAP in December 2008 and
will be published in 2009.
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Review of Evidence

Sixteen studies were abstracted that address
the questions posed in this Special Report.
None of these studies compared EIBI versus
no treatment, presumably because it would not
be ethical to ask children and their parents to
participate in such a trial, given the general
consensus in the U.S. that early intervention is
key (and, therefore, that treatment should not
be delayed).

A single study was found that compared 14
children enrolled at the Scottish Centre for
Autism to 6 children who were on the waiting
list (Salt et al. 2001, 2002). However, this study
was not included in this Report because the
intervention was not intensive (only 4 hours
per week for 11 months) and appeared to focus
on communication skills rather the more com-
prehensive approach characteristic of EIBI.
The studies examined in this Report, therefore,
compare one approach to another, or they
vary the intensity of treatment. In addition,

5 single-arm studies are included to address
Questions 2 or 3, on characteristics that may
predict greater success from treatment or the
impact of varying intensity of treatment. Most
of the studies excluded children with signifi-
cant comorbidities, e.g., seizure disorders (one
exception is Stoelb et al. 2004). None of the
studies addressed treatment for children with
Asperger’s disorder; a few reported on chil-
dren diagnosed with PDD or PDD-NOS, as is
reported in Evidence Tables 1 and 2.

Question 1. How effective is EIBI in improv-
ing the functioning of children with autism
spectrum disorders, and how does it compare
to other early intervention approaches?

Randomized, Controlled Trials. There are
two relevant randomized, controlled trials,
one by Sallows and Graupner (2005), and the
other by Smith et al. (2000). These two trials
are described in greater detail than the other
studies in this Report because they provide the
strongest evidence on the effectiveness of EIBI
by virtue of the research design employed;
additional details are provided in Tables 2, 3A,
5B, and 3C. For an explanation of the relative
strength of different research designs, see the
“Discussion” section below.

Key characteristics of the two studies are
summarized in Table 1.

Both studies used different combinations of
instruments to measure outcomes, with some
overlap in the instruments used to measure
cognitive skills and communication; the
Vineland Adaptive Behavior Scales (VABS) for
adaptive behavior; and different instruments to
evaluate social interaction. At baseline, there
were no statistically significant differences
between treatment and control groups for the
variables measured. However, when the sample
size is small, as it is in these two studies, there
can be undetectable differences between the
intervention and control groups in both mea-
sured and unmeasured characteristics, which
could confound the results.

In the Sallows and Graupner study (2005),
members of the experimental and control
groups combined improved significantly over
time on a number of dimensions. However,
there were no statistically significant differ-
ences by treatment group on any of the dimen-
sions examined. The authors performed an
analysis of variance (ANOVA) to test for differ-
ences in post-treatment outcomes across the
two treatment groups, as well as for differences
in the rates of change in outcomes from pre- to
post-treatment; none of the results was statisti-
cally significant. In other words, the clinic-
directed, slightly more-intensive ABA therapy
did not produce better outcomes than the
parent-directed, slightly less-intensive therapy.
The lack of an effect may be due in part to the
similarity in the intensity of the interventions
for both groups, which exceeded the threshold
for an intensive intervention used in this study,
even though the control group did receive
fewer hours of therapy on average than the
intervention group.

Regarding Question 2, Sallows and Graupner
(2005) examined the predictors of rapid versus
moderate learning (identified at follow-up)
among all study subjects using multivariate
analysis. Pretreatment 1Q, receptive language,
verbal and nonverbal imitation, VABS daily
living score, and several Autism Diagnostic
Interview-Revised (ADI-R) scales predicted
several types of improved outcomes; for more
details, see Table 3C.

Regarding Question 3, Sallows and Graupner
found no clear relationship between treatment
intensity and outcomes. This nonsignificant
result should be interpreted with caution,
however, since as mentioned above, both the
treatment and control groups received more
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Table 1. Key Elements of Randomized Controlled Trials on EIBI and Autism Spectrum Disorders

Study Element

Sallows and Graupner (2005)

Smith et al. (2000)

Sample size

23; 4 girls

28; 5 girls

Selected population

Children with autism, no major
comorbidities except controlled
seizures or abnormal EEGs, mental
age:chronological age >35 on Mental
Development Index

Children with autism or PDD-NOS, no
major comorbidities, 35>1Q<75

Mean age

33-34 months

~36 months

Matching

Pretreatment 1Q

1Q and diagnosis (autism vs. PDD-NOS)

Treatment for experimental
group (both studies
followed UCLA model)

Clinic-directed EIBI 39 hours/week for
year 1, 37 hours/week for year 2

EIBI ~25 hours/week for 2-3 yrs

Treatment for control group

Parent-directed EIBI 32 hours/week for
year 1, 31 hours/week for year 2

Parent training 5 hours/week for 3-9
months plus special education 10-15
hrs per week for children

Outcomes measured

Cognitive skills, communication, social
interaction, adaptive behavior, ritual

Cognitive skills, communication, social
interaction, adaptive behavior, and

behaviors school placement
Follow-up period Annually for 4 years ~4-5 years
Study quality (see Table 4) Fair Fair

*EEG: electroencephalogram

than 30 hours of therapy per week. The level
of expert supervision did differ between the
groups.

Smith et al. (2000) reported that the experimen-
tal group performed statistically significantly
better than the control group at follow-up on
cognitive and communication skills; there was
no inter-group difference in adaptive behavior
or social interaction. Statistical tests were not
reported for school placement. The change

in performance over time was not assessed
directly. In another comparison, there were

no apparent differences pre- or post-treatment
between children with autism and those diag-
nosed with PDD-NOS.

Regarding Question 2, Smith et al. (2000) did
not find significant correlations between initial
1Q and outcomes among members of the exper-
imental group.

Although both studies were randomized,
controlled trials, they were rated to be of fair
quality. There were several reasons for this
determination: 1) the sample sizes were small,

which limits the ability of randomization to
equalize measured and unmeasured character-
istics across groups, as mentioned above; 2) in
Sallows and Graupner (2005) different instru-
ments were used in the same study to measure
outcomes for the same domain, while Smith et
al. (2000) used two instruments for cognitive
function (Stanford-Binet and Bayley Scales of
Infant Development, depending on the child’s
ability); 3) in Smith et al. (2000), one child was
dropped from the experimental group because
he or she had not reached certain targets by
18 months. However, this child was included
in the analysis in the experimental group, as is
appropriate. Aversives were initially used and
then dropped early in the study.

A further issue was how to interpret the results
of the studies together, given the differences
in instruments, treatments, and outcome
variables used. For example, although both
experimental groups received EIBI therapy,
the intensity of the treatment was higher (by
more than 10 hours per week) in the Sallows
and Graupner study (2005). The differences
between the control groups in the two studies
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Table 2. Basic Study Characteristics

Method
Citation and Key of Group
Questions Addressed Assignment Sample Size

Patient Characteristics

Intervention(s)

Setting and Person Providing Service

Randomized, Controlled Trials

23; plus 1
dropout; 4 girls

Sallows and Randomized;
Graupner 2005;

Q1, @2, Q3

matched on
pretreatment 1Q

19 boys, 5 girls (2 girls in each
Tx group; 1 dropped out);

mean age=33-34 mos.;

Nonverbal, Grp 1, Grp 2:

8/13, 2/10

Limited to children within “normal”
neurological limits; children with
controlled seizures or abnormal
electroencephalograms accepted

EIBI based on UCLA model without
aversives

Grp 1: Clinic-directed group (39 hrs./
wk. year 1, 37 hrs./wk. year 2)

Grp 2: Less-intensive parent-directed
group (32 hr./wk. year 1, 31 hrs./wk.
year 2, except 1 family 14 hrs./wk.
both years).

Less 1:1 time and more school time
as children got older. Many children
received supplemental treatments.

Unclear;

professional staff w/ >1 yr of college
and 30 hrs training, supervised by
senior therapists, senior author and
clinic supervisor

Smith et al. 2000; Matched-

Q1 pair, random,
stratified by 1Q
and diagnosis

28, plus 1
family declined
to participate;
5 girls

Children with autism or PDD-NOS
referred to UCLA Young Autism
Project

1Q ratio between 35 and 75; mean
age ~36 mos.;

82% nonverbal
Excluded children with major

medical comorbidities other than
ASD or mental retardation.

Grp 1: EIBI (~25 hrs./wk. for 2-3 yrs.;
hours of 1:1 therapy decreased over
time as children entered school)

Grp 2: Parent training group (5 hrs./
wk. for 3-9 mos.) + special education
classes (10-15 hrs./wk.)

For Grp 1, therapy halted for 1 child
not making sufficient progress after
18 mos.; aversives halted shortly
after beginning of study

Home;

student therapists under close
supervision of authors w/10 yrs on
UCLA Project

General table abbreviations and instrument/scale definitions: See Appendix
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Table 2. Basic Study Characteristics (cont’d)

Citation and Key
Questions Addressed

Method
of Group
Assignment

Sample Size

Patient Characteristics

Intervention(s) Setting and Person Providing Service

Nonrandomized, Comparative Studies

Eikeseth et al. By 25; plus 2 4-7 year olds; 1Q =50 Grp 1: Behavioral (n=13; 8 boys) Schools in Norway; teachers and
2002, 2007; “independent dropouts; 6 modeled on Lovaas without aides supervised 10 hrs./wk. by
Q1, Q2 clinician... girls Mean age (SD), Grp 1, Grp 2: 66.31 aversives staff w/ 1,500+ hours experience

based on (11.31), 65.00 (10.95) mos. Grp 2: “Eclectic” special education in implementing the UCLA model.
Prospective availability treatment (n=12; 11 boys) for mean Parental involvement encouraged

of personnel of 29 hrs/wk at school. Included

to supervise elements of Project TEACCH,

treatment sensory-motor therapies, and ABA

and was not (42% of the group)

influenced

by child Amount of 1:1 therapy decreased

characteristics over time.

or family

preference”
Magiati et al. 2007; Preselected; 44; 19 23- to 54-month-old children Grp 1: Home-based EIBI (n=28); Home and nurseries; professionals
Q1, Q3 recruited dropouts; with ASD?; average 32.4 hrs./wk. (all 1:1) and trained parents; average of 9

and matched 5 girls Grp 2: Autism-specific nurseries therapists per home-based child

Prospective

children
who started
treatment
within last 3
months

Mean age (SD), Grp1, Grp 2:
38.0 (7.2), 42.5 (7.8)

Differences across groups in parent
education, baseline 1Q, VABS-ABC,
and socialization (Grp 1 higher

on all).

(n=16) with “eclectic” approach,
including TEACCH, Makaton, PECS,
SPELL; average 25.6 hr./wk. (p<0.001
compared to Grp 1) with average of
6 hrs./wk. 1:1 teaching

Many children had additional Txs.

a ASD=Autism Spectrum Disorder, which includes autism, pervasive developmental disorder, Asperger’s disorder
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Table 2. Basic Study Characteristics (cont’d)

Citation and Key
Questions Addressed

Method
of Group

Assignment Sample Size

Patient Characteristics

Intervention(s)

Setting and Person Providing Service

Nonrandomized, Comparative Studies (cont’d)

Remington et al. 2007;
Q1

Apparently retro- and
prospective mix;
unclear when initial
evaluation done

Parental 44; # girls not

preference reported
(EIBI; Grp 1)

or standard

practice offered

by Local

Educational

Authority

(Grp 2)

Preschool children (30-42 mos.)

w/ autism already receiving
treatment w/ no other chronic or
serious medical condition and living
at home

Mean age (SD), Grp 1, Grp 2: 35.7
mos. (4.0), 38.4 mos. (4.4), p<0.05
(t-test).

Grp 1: 2 years EIBI for mean of 25.6
hrs./wk. (SD=4.8; range, 18.4-34.0);
other approaches also used, e.g.,
Picture Exchange Communication
System (PECS; n=10)

Grp 2: 2 yrs of local education
authorities’ standard program

for young children with autism;
eclectic, including PECS (n=14-16).
Mean hrs./wk. not reported, but not
“intensive” and not 1:1 majority of
the time

Children received other therapies
also, e.g., speech, diet, prescription
medication, high doses of vitamins,
homeopathic interventions

Grp 1: Home-based; supervised
tutors and parents, provided by 5
institutions; 1 child spent 6 mos.
at school

Grp 2: School-based; staff not
described

Cohen et al. 2006;
Q1, Q2

Prospective

Parental 42; plus 5
dropouts; no

girls

preference;
matched on age
and IQ

Children younger than 48 mos. with
autism or PDD-NOS; 1Q >35

Autism, Grp 1, Grp 2: 95%, 71%
(p<0.05).

Grp 1 parents significantly more
likely to be married and more
educated.

Grp 1: Community agency following
Lovaas model plus social skills
training for 35-40 hrs./wk. (20-30
hrs. for children less than 3 yrs. old)
(EIBI; n=21)

Grp 2: Special education classes at
local public schools (control; n=21).
Diverse interventions provided to
comparison group with varying
intensity.

Grp 1: Home vs. school; home tutors
trained re UCLA model; graduate
student supervisors with experience
in EIBI
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Table 2. Basic Study Characteristics (cont’d)

Citation and Key

Questions Addressed

Method
of Group

Assignment Sample Size

Patient Characteristics

Intervention(s)

Setting and Person Providing Service

Nonrandomized, Comparative Studies (cont’d)

Farrell et al. 2005;
Q1

Prospective

Children already 17; 4 girls
assigned;

parents of

children in EIBI

had advocated

for the child’s

placement

Children with autism born 9/1/94—
8/31/96 studied for 2 yrs, ending
7/01 in Lancashire, UK.

Grp 1 started one yr before Grp 2.

Grp 1: EIBI (=30 hrs./wk.)

Grp 2: Lancashire under 5 autism
project; one-on-one assistant to help
children in mainstream school, using
mix of ABA, TEACCH

Grp 1: mostly at home; some at
school/parents and “therapists”
Grp 2: school; primarily assistants,
w/ help from teachers, speech and
language therapists

Howard et al. 2005;
Q1, Q2

Prospective

Determined 61; plus 17

by teams dropped out;
coordinating 7 girls
care for these

children, with

strong parental

input

Children with autism (n=45) or PDD-
NOS (n=16), less than 4 yrs. old.

Mean age at intake (SD), Grp 1,
Grp 2, Grp 3: 30.86 (5.16), 37.44
(5.68), 34.56 (6.53) mos.

One or both parents Hispanic, Grp 1,
Grp 2, Grp 3: 14%, 25%, 29%

Both parents Caucasian, Grp 1,
Grp 2, Grp 3: 72%, 50%, 57%

Differences in age of Dx, age at start
of Tx, and Dx mix across groups; at

intake nonverbal skill scores higher

for Grp 3 than Grp 2.

Grp 1: EIBI (25-30 hrs./wk. 1:1
therapy if <3 yrs. old; 35-40 hrs./wk.
if >3 yrs. old)

Grp 2: Intensive “eclectic” program
(25-30 hrs./wk. of 1:1 or 1:2 therapy)
Grp 3: Nonintensive public early
intervention program (15 hrs./wk.

of 1:6 therapy)

School, home, community; trained
college students or teachers/speech
pathologists/paraprofessional aides
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Table 2. Basic Study Characteristics (cont’d)

Citation and Key

Questions Addressed

Method of Group
Assignment

Sample Size

Patient Characteristics

Intervention(s)

Setting and Person Providing Service

Nonrandomized, Comparative Studies (cont’d)

Sheinkopf
and Siegel 1998;
Q1

Retrospective

Retrospective
study of children
receiving EIBl in a
larger, longitudinal
study, matched to
controls (source
unclear) based
on chronological
age, mental age,
interval between
pre- and post-
assessment,
diagnosis (autism
vs. PDD-NOS),
and with the
exception of 1
pair, gender

22, # girls
unclear

Children with autism or PDD-NOS.

Mean age, Grp 1, Grp 2: 33.8,
35.3 mos.

Grp 1: (1) Lovaas-type (ABI) for
mean of 19 hrs./wk. for mean of 16
mos. plus (2) ~6 hrs./wk. therapy at
school and (3) ~1 hr./wk. other 1:1
therapy (e.g., speech), for a total
of ~27 hrs./wk. (range, 12-43); data
on treatment collected from parent
phone interviews only

Grp 2: (1) School for mean of 11
hrs./wk. plus (2) ~0.5 hr./wk. other
1:1 therapy (range, total hrs./wk. of

therapy, 5-21). No info on treatment

approach.

Home; paraprofessionals
and parents

Smith et al. 1997;
Q1

Retrospective

Retrospective
study of children
treated at the
UCLA Young
Autism Project
and 2 replication
sites; treatment
already assigned
based on therapist
availability

21; 2 girls

Children with PDD and mental
retardation, 46 mos. old or younger,
ratio 1Q<35 (BSID), no major medical
limitations.

Mean age (SD), Grp 1, Grp 2 (p
value): 36 (6.90), 38 (5.40) (NS) mos.

Mean 1Q (SD), Grp 1, Grp 2 (p value):

28 (4.90); 27 (5.40) (NS)

No speech in either group.

Grp 1: EIBI therapy (=30 hrs./wk.
1-to-1 treatment for >2 yrs.)

Grp 2: Comparison group with
minimal treatment (<10 hrs./wk.
1-to-1 treatment <2 yrs.) at UCLA;
they enrolled and started school
(special education) earlier.

Home and community;
Trained student therapists and
various types of supervisors
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Table 2. Basic Study Characteristics (cont’d)

Method
Citation and Key of Group
Questions Addressed Assignment Sample Size

Patient Characteristics

Intervention(s) Setting and Person Providing Service

Nonrandomized, Comparative Studies (cont’d)

Lovaas 1987;
McEachin, Smith,
and Lovaas, 1993;
Q1, Q3

Subjects were 38 plus 2
assigned to Grp  dropouts
1 unless there

was not enough

staff to provide

Prospective treatment.

Children with autism with
prorated mental age 211 mos.
at chronological age of 30 mos.

(criterion excluded 15% of referrals).

Mean age, Grp 1, Grp 2: 35, 41
mos. (p<0.05, F ratio). No other
statistically significant differences
detected at baseline.

11 children in Grp 1 and Grp 2
were mute.

Grp 1: Intensive treatment group Home; trained therapists, mostly

(>40 hrs./wk. 1:1 therapy for 2+ yrs.), graduate students
including aversives?

Grp 2: Control group 1 (<10 hrs./wk.

1:1 therapy for 2+ yrs)

Grp 3: Control group 2 of subjects

from another study (only in Lovaas

1987)

Therapy time for children who
entered a normal school class
was reduced, while for others it
continued for more than 6 yrs.
The use of aversives in the control
groups is unclear.”

@ In response to high rates of aggressive or self-stimulatory behavior, the behavior was ignored; the child was given a time-out; alternative forms of behavior were shaped, or therapist responded with a loud “no” or slap

on the thigh.

b Page 5 of the Lovaas (1987) study says that controls did not receive contingent aversives because of lack of staffing; page 7 says that contingent aversives were initially withheld from 4 subjects each in Grp 1 and Grp 2

and then introduced experimentally.
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Table 2. Basic Study Characteristics (cont’d)

comorbidities;

Compared results across 6 groups

Method
Citation and Key of Group
Questions Addressed Assignment Sample Size Patient Characteristics Intervention(s) Setting and Person Providing Service
Single-Arm Studies
Ben-ltzchak 25; 4 others 20-32 mos. old with autism; 24 had Early behavioral intervention for at Center; “skilled behavioral
and Zachor 2007; excluded expressive vocabulary <10 words least 35 hrs./wk. therapists”
Q2 due to

Q2

Retrospective

‘porqryoad st uonezuoyne Jorad MoyIm uondoNpPosdoy “UONLID0SSY PIOIYS on[g pue ssoa) anjg 60030

EIBI program for >1 yr.

Mean age at Tx start=4 yrs,
8 mos. (range: 2 yrs, 2 mos.—10 yrs,
2 mos.)

Race: Caucasian, 17; Asian
American, 1; Hispanic, 1

Comorbidities: seizure disorders,
6; dysmorphic physical features, 5;
abnormal brain structure, 6.

Nonlinguistic, 10; history of
regression, 11

“Complex autism” defined as autism
+ dysmorphic or microcephalic +

structural brain malformation; n=9 or

10 (inconsistency in article)

(range, 12-36)

4 girls defined by baseline 1Q and social/
communication deficits
Stoelb et al. 2004; 19; 5 girls Children with autism participating in  EIBI: Mean hrs./wk.=22.79 Home, school, or daycare/

trained “implementers” w/ master’s
level oversight

| X4
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Table 2. Basic Study Characteristics (cont’d)

Method
Citation and Key of Group
Questions Addressed Assignment Sample Size

Patient Characteristics

Intervention(s)

Setting and Person Providing Service

Single-Arm Studies (cont’d)

Bibby et al. 2002; 66; 11 girls (of

Q2 92 recruited:
17 did not

Additional details consent; 9

on the population dropped out)
and intervention in

Mudford et al. (2001).

Children of parents who “sought
legal advice from the first author
concerning public funding for
behavioral intervention for their
children with autism”

Mean age at start of treatment
(parent-reported)=45 mos.

(SD=11.2 mos.)

At start of study, 18% in 1st yr of Tx;
52%, in 2nd yr; 30%, in 3rd yr

None had neurological comorbidities
or epilepsy.

Parent-managed intensive
behavioral intervention

81% of children received
supplemental treatments.

Home; mix of staff

Mean age=49 mos. (range 31-65
mos.); mean score on CARS=34.17
(range 30-40); mean 1Q (Stanford-
Binet) at intake=59 (range 35-109)

EIBI in one of three settings with
1:1, 4:6, or 4:13 child to professional
staffing ratio; latter class was
integrated with typically developing
children; 35-45 hrs./wk. plus 10-15
hrs./wk. at home

Single center for developmental
disabilities; professional staff; home-
based instruction provided by family
or outside staff

Harris and 27; 4 girls
Handleman 2000;

Q2

Retrospective

Luiselli et al. 2000; 16; 1 girl

Q2, a3

Retrospective

Children with autism or PDD
selected randomly from participants
in center in MA with home-based
services.

Half started treatment younger than
3 yrs, and half, over 3 yrs.

ABI therapy 6-20 hrs./wk. for 5-22
mos. Total hrs. of treatment ranged
from 180 to 1,320.

Home/professionals with BA or MA
and specialization in psychology,
early childhood education, or special
education
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Table 3A. Key Study Characteristics and Results for Comparative Studies

Results®
T
Stat
Year Quality? Sample Random- Exp> Ctrl> Signif

Authors Published Rating Size ized? Follow-up Instrument(s) Ctrl Exp NS NR
Domain 1: Cognitive Skills
Sallows and 2005 Fair 23 Y Annually for 4 yrs — Full-scale, verbal, performance, X
Graupner nonverbal 1Q¢

- BSID X

— Weschler X
Smith et al.d 2000 Fair 28 Y ~4-5 yrs. - Stanford-Binet/BSID X

— Merrill-Palmer X

— Weschler X
Eikeseth et al. 2002, Poor 25 N Exp: 31.4 mos. (SD=8.7); — Weschler or BSID X

2007 Ctrl: 33.3 mos. (SD=12.6) — Merrill-Palmer (at 1 yr) X

Magiati et al.® 2007 Poor 44 N 23-27 mos. BSID, Merrill-Palmer, Weschler X

(calculated “best test” score)
Remington et al. 2007 Poor 44 N 12 and 24 mos. - Bayley, Stanford-Binet X

- Reynell (incomplete data) X
Cohen et al. 2006 Poor 42 N 3yrs - BSID-R/ Weschlerf (ANCOVA) X

— Merrill-Palmer (ANCOVA) X
Farrell et al. 2005 Poor 17 N 2 yrs. Bayley X
Howard et al. 2005 Poor 61 N 14 mos. on average Mix of BSID-R, Weschler, Stanford- X

Binet, DP-1I, DAS, DAYC, PEP-R.
Also Merrill-Palmer, Leiter-R.

General table abbreviations and instrument scales/definitions: See Appendix

2 For details, see Tables 3 and 4.

b Some studies compared the performance of each group at baseline and at follow-up and examined whether these comparisons changed over time. Others looked at change for each individual over time,
averaged the change within each group, and then compared the change across groups. Exp=Grp 1; Ctrl=Grp 2, Grp 3; NS=Difference not statistically significant; NR=Statistical test not reported

¢ Measures not clearly defined

4 Children who performed below the floor or above the ceiling of any instrument were assigned the minimum or maximum value, respectively.

¢ Not all children completed all measures.

fWeschler used when participant performed at ceiling of the BSID-R.
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Table 3A. Key Study Characteristics and Results for Comparative Studies (cont’d)

| Results | ;‘E
Stat 2
Year Quality Sample Random- Exp> Ctrl> Signif Sg
Authors Published Rating Size ized? Follow-up Instrument(s) Ctrl Exp NS NR o
<
=)
Domain 1: Cognitive Skills (cont’d) E
Sheinkopf 1998 Poor 22 N Mean, Grp 1, Grp 2: Weschler, Bayley, Merrill-Palmer; X é'
and Siegel® 20.36, 18.09 mos. Cattell (paired t-test) Q
8
Smith et al. 1997 Poor 21 N Mean, Grp 1, Grp 2: ~2 BSID (t-test) X @
yrs; ~1.5 yrs; variation in
FU within groups
1. Lovaas 1987 Poor 38 N 1. ~3-4 yrs for first 1. Weschler, Stanford-Binet, X
follow-up; Merrill-Palmer; and others;
2. McEachin etal. 1993 Poor 38 N 2. ~10 yrs for second (MANOVA)®
follow-up (except for — Prorated mental age X
school placement, do 2. Weschler, Leiter, Peabody X
not compare pre- to
post-Tx scores)
Domain 2: School Placement
Sallows and 2005 Fair 23 Y Annually for 4 yrs Not reported by treatment group
Graupner
Smith et al. 2000 Fair 28 Y ~4-5 yrs Reg. placement w/out assist, Grp X
1, Grp 2: 4/15, 0/13; Reg. placement
w/assist, Grp 1, Grp 2: 2/15, 3/13
Eikeseth et al. 2002, Poor 25 N Exp: 31.4 mos. (SD=8.7); Not assessed
2007 Ctrl: 33.3 mos. (SD=12.6)
Magiati et al. 2007 Poor 44 N 23-27 mos. Reg. placement w/out assist, 0; X

Reg. placement w/assist, Grp 1,
Grp 2: 23 (part- or full-time), 0

@ Of 18 children included in cognitive results, 7 did not have the same instrument used pre- and post-Tx, 5 of whom were in Grp 1.
® No significant differences between control Grps 2 and 3.
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Table 3A. Key Study Characteristics and Results for Comparative Studies (cont’d)

Stat
Year Quality Sample Signif
Authors Published Rating Size Follow-up Instrument(s) NR
Domain 2: School Placement (cont’d)
Remington et al. 2007 Poor 44 12 mos. Reg. placement (not clear w/ X
or w/out assist), % (mean hrs.),
Grp 1, Grp 2: 57 (5.8), 48 (15.3)
Reg. placement (not clear w/
24 mos. or w/out assist), % (mean hrs.),
Grp 1, Grp 2: 74 (13.28), 48
(22.3)
Cohen et al. 2006 Poor 42 3yrs Regular education classroom
placement, Grp 1, Grp 2: 17/21,
1/21
# children w/ reg. placement w/
out assist, Grp 1, Grp 2: 6, 0
Howard et al. 2005 Poor 61 14 mos. on average Not assessed
Farrell et al. 2005 Poor 17 2 yrs Different placement a priori as X
part of intervention structure
(e.g., school vs. home based)
Sheinkopf 1998 Poor 22 Mean, Grp 1, Grp 2: Reg. placement w/out assist, X
and Siegel 20.36, 18.09 mos. Grp 1, Grp 2: 3, not reported;
Reg. placement w/ assist, Grp
1, Grp 2: 2, not reported
Smith et al. 1997 Poor 21 Mean, Grp 1, Grp 2: ~2 yrs.; Not assessed
~1.5 yrs.; variation in FU
within groups
1. Lovaas; 1987 Poor 38 1. ~3-4 yrs for first 1. Reg. placement w/out assist,

2. McEachin et al. 1993

follow-up;

2. ~10 yrs for second
follow-up (except for school
placement, do not compare
pre- to post-Tx scores)

Grp 1, Grp 2, Grp 3: 9/19, 0/19,
1/21

2. Same proportions as in

Grp 1
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Table 3A. Key Study Characteristics and Results for Comparative Studies (cont’d) =
Results 5_
T 1 cg
Stat ;
Year Quality Sample Random- Exp> Ctrl> Signif 3
Authors Published Rating Size ized? Follow-up Instrument(s) Ctrl Exp NS NR E
Domain 3: Communication S
(@]
Sallows and 2005 Fair 23 Y Annually for 4 yrs. - Receptive and expressive X f:i
Graupner language (measures not clearly g
defined; Reynell, CELF Ill used)
- VABS-Comm X
- ADI-R X
Smith et al. 2000 Fair 28 Y ~4-5 yrs. Reynell X
Eikeseth et al. 2002, Poor 25 N Exp: 31.4 mos. (SD=8.7); — Reynell or Weschler verbal scale X
2007 Ctrl: 33.3 mos. (SD=12.6) - VABS-Comm X
Magiati et al. 2007 Poor 44 N 23-27 mos. — Br Picture, Express 1-Word X
- VABS-Comm X
Remington et al 2007 Poor 44 N 12 and 24 mos. - VABS-Comm X
— Reynell (incomplete data so only X
assessed # with score)
Cohen et al. 2006 Poor 42 N 3yrs. — Reynell Comp and Express X
(ANCOVA)
- VABS-Comm X
Farrell et al. 2005 Poor 17 N 2 yrs. VABS-Comm X
Howard et al. 2005 Poor 61 N 14 mos. on average Mix of Reynell, Rossetti, REEL-2, X

PLS-3, ITDA, Peabody, EVT, DP-I|
(language), SICD-R, Recept and
Express 1- word. Also
VABS-Comm
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Table 3A. Key Study Characteristics and Results for Comparative Studies (cont’d)

Results
T
Stat
Year Quality Sample Random- Exp> Ctrl> Signif

Authors Published Rating Size ized? Follow-up Instrument(s) Ctrl Exp NS NR
Domain 3: Communication (cont’d)
Sheinkopf and 1998 Poor 22 N Mean, Grp 1, Grp 2: 20.36, Not assessed
Siegel 18.09 mos.
Smith et al. 1997 Poor 21 N Mean, Grp 1, Grp 2: ~2 Speech, Grp 1, Grp 2: 10/11, X

yrs.; ~1.5 yrs.; variation in ~ 2/10 (Mann-Whitney)

FU within groups
1. Lovaas 1987 Poor 38 N 1. ~3-4 yrs for first 1. Not assessed

follow-up;
2. McEachin et al. 1993 Poor 38 N 2. ~10 yrs for second 2. VABS-only at FU

follow-up (except for

school placement, do not

compare pre- to post-Tx

scores)
Domain 4: Social Interaction
Sallows and 2005 Fair 23 Y Annually for 4 yrs. - VABS-Social X
Graupner — ADI-R Social X
Smith et al. 2000 Fair 28 Y ~4-5 yrs VABS-Social X
Eikeseth et al. 2002, Poor 25 N Exp: 31.4 mos. (SD=8.7); VABS-Social X

2007 Ctrl: 33.3 mos. (SD=12.6)

Magiati et al. 2007 Poor 44 N 23-27 mos. VABS-Social X
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Table 3A. Key Study Characteristics and Results for Comparative Studies (cont’d) &
Results 5_
T 1 &
Stat ;
Year Quality Sample Random- Exp> Ctrl> Signif 3
Authors Published Rating Size ized? Follow-up Instrument(s) Ctrl Exp NS NR g
Domain 4: Social Interaction (cont’d) S
(@]
Remington et al. 2007 Poor 44 N 12 mos. and 24 mos. - VABS-Social X %_
- ESCS-Jt Attn (n=37) g
— Initiating X
— Responding X
Cohen et al. 2006 Poor 42 N 3yrs. VABS-Social (ANCOVA) X
Farrell et al. 2005 Poor 17 N 2 yrs. VABS-Social X
Howard et al. 2005 Poor 61 N 14 mos. on average VABS-Social X
Sheinkopf 1998 Poor 22 N Mean, Grp 1, Grp 2: 20.36, Not assessed
and Siegel 18.09 mos.
Smith et al. 1997 Poor 21 N Mean, Grp 1, Grp 2: ~2 Not assessed
yrs.; ~1.5 yrs..; variation in
FU within groups
1. Lovaas 1987 Poor 38 N 1. ~3-4 yrs. for first FU; 1. Not assessed
2. ~10 yrs for second
2. McEachin etal. 1993 Poor 38 N follow-up (except for 2. VABS-only at FU

school placement, do not
compare pre- to post-Tx
scores)
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Table 3A. Key Study Characteristics and Results for Comparative Studies (cont’d)

Results
Stat
Year Quality Sample Random- Exp> Ctrl> Signif
Authors Published Rating Size ized? Follow-up Instrument(s) Ctrl Exp NS NR
Domain 5: Adaptive Behavior
Sallows and 2005 Fair 23 Y Annually for 4 yrs. - VABS-ABC X
Graupner - VABS-DL X
Smith et al. 2000 Fair 28 Y ~4-5 yrs. VABS X
Eikeseth et al. 2002, Poor 25 N Exp: 31.4 mos. (SD=8.7); - VABS-ABC X
2007 Ctrl: 33.3 mos. (SD=12.6) - VABS-DL X

— Achenbach TRF (only at FU)
Magiati et al. 2007 Poor 44 N 23-27 mos. - VABS-ABC X

- VABS-DL X
Remington et al 2007 Poor 44 N 12 mos. and 24 mos. - VABS-ABC X

- VABS-DL X
Cohen et al. 2006 Poor 42 N 3yrs. - VABS-ABC X

- VABS-DL X

(ANCOVA)
Farrell et al. 2005 Poor 17 N 2 yrs. VABS-DL X
Howard et al. 2005 Poor 61 N 14 mos. on average - VABS-ABC, DL; Denver, X

DP-Il, Rockford

- VABS-MS X
Sheinkopf 1998 Poor 22 N Mean, Grp 1, Grp 2: Not assessed
and Siegel 20.36, 18.09 mos.
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Table 3A. Key Study Characteristics and Results for Comparative Studies (cont’d)

Results
Stat
Year Quality Sample Random- Exp> Ctrl> Signif

Authors Published Rating Size ized? Follow-up Instrument(s) Ctrl Exp NS NR
Domain 5: Adaptive Behavior (cont’d)
Smith et al. 1997 Poor 21 N Mean, Grp 1, Grp 2: ~2 Not assessed

yrs.; ~1.5 yrs.; variation in

FU within groups
1. Lovaas 1987 Poor 38 N 1. ~3-4 yrs. for first 1. Not assessed

follow-up;
2. McEachin et al. 1993 Poor 38 N 2. ~10 yrs. for second 2. VABS-only at FU

follow-up (except for

school placement, do not

compare pre- to post-Tx

scores)
Domain 6: Miscellaneous
Sallows and 2005 Fair 23 Y Annually for 4 yrs. ADI-R Ritual X
Graupner
Smith et al. 2000 Fair 28 Y ~4-5 yrs. Achenbach only at FU X
Eikeseth et al. 2002, Poor 25 N Exp: 31.4 mos. (SD=8.7); Achenbach only at FU

2007 Ctrl: 33.3 mos (SD=12.6)
Magiati et al. 2007 Poor 44 N 23-27 mos. — Symb Play, Pretend Play X
— ADI-R X
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Table 3A. Key Study Characteristics and Results for Comparative Studies (cont’d)
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Results
I 1
Stat
Year Quality Sample Random- Exp> Ctrl> Signif
Authors Published Rating Size ized? Follow-up Instrument(s) Ctrl Exp NS NR
Domain 6: Miscellaneous (cont’d)
Remington et al. 2007 Poor 44 N 12 mos. - Nisonger-Positive Social:
— Father ratings X
— Mother ratings X
- DBC X
24 mos. - ASQ X
- VABS-Motor X
— Several measures of parental
well-being:
— Father’s depression X
— All other measures X
Cohen et al. 2006 Poor 42 N 3yrs. None
Farrell et al. 2005 Poor 17 N 2 yrs. None
Howard et al. 2005 Poor 61 N 14 mos. on average None
Sheinkopf 1998 Poor 22 N Mean, Grp 1, Grp 2: — Count of positive symptoms as X
and Siegel 20.36, 18.09 mos. % age-appropriate symptoms from
DSM-III-R (paired t-test).
— Sum of severity of symptoms X
from DSM-III-R (Wilcoxon rank
sum test).
Smith et al. 1997 Poor 21 N Mean, Grp 1, Grp 2: ~2 Lovaas Score
yrs.; ~1.5 yrs.; variation in — Speech X
FU within groups — Other behaviors X
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Table 3A. Key Study Characteristics and Results for Comparative Studies (cont’d)

Results
T
Stat
Year Quality Sample Random- Exp> Ctrl> Signif
Authors Published Rating Size ized? Follow-up Instrument(s) Ctrl Exp NS NR

Domain 6: Miscellaneous (cont’d)

1. Lovaas 1987 Poor 38 N 1. ~3—4 yrs. for first 1. Not assessed
follow-up;
2. McEachin etal. 1993 Poor 38 N 2. ~10 yrs. for second 2. PIC (only at FU)

follow-up (except for
school placement, do not
compare pre- to post-Tx
scores)
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Table 3B. Key Study Characteristics and Results for Single-Arm Studies

Outcomes
T
Overall
Quality Cognitive School Commu- Social Adaptive
Citation Rating? Follow-Up (including 1Q) Placement nication Interaction Behavior Miscellaneous  Comments
Ben-ltzchak and Poor 12 mos. BSID-R, Scale developed for this study w/ 6 domains:

Zachor 2007; Stanford-Binet;
Q2 increased
pre- to post-Tx
(ANOVA,; F-test

imitation, receptive and expressive language;
play, nonverbal communication, and stereotyped
behavior; increased pre- to post-Tx (MANOVA,
F-test significant)

significant)
Stoelb et al. 2004; Poor Unclear VABS-ABC CARS (no EIBI Performance Scale
Q2 (no statistical statistical (developed for this
tests) tests) study)®; (no statistical
tests)
Bibby et al. 2002;  Poor 1yr Bayley, Reynell VABS Lovaas sum Outcomes measured
Q2 Weschler, pathology at start of study
Merrill-Palmer score and (when subjects had
instrument completed varying

developed for
study

amts of therapy) and at
12 mos. Data available
on pre-Tx skills for
subset.

General table abbreviations and instrument/scale definitions: See Appendix
@ For details, see Tables 3 and 4.

> Covered vocal imitation, motor imitation, visual-motor skills, receptive language, expressive labeling, social/conversational language, and play skills.
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Table 3B. Key Study Characteristics and Results for Single-Arm Studies (cont'd)

Outcomes
1
Overall
Quality Cognitive School Commu- Social Adaptive
Citation Rating Follow-Up (including 1Q) Placement nication Interaction Behavior Miscellaneous  Comments
Harris and Poor 4-6 years Stanford- Reg. CARS (used as
Handleman 2000; Binet (used as  placement predictor)
Q2 predictor) (not clear if w/
and/or w/out
assist)
Luiselli et al. Poor Unclear ELAP or
2000; LAP (covers
Q2, Q3 communi-
cation,

cognition, fine
motor, gross
motor, social-
emotional and
self-care)
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Table 3C. Analyses

Citation Preliminary Analyses

Type of Model

Variables Included/
Method Selected

Outcome Variables

Results

Randomized, Controlled Trials

Sallows and Distribution of pre-post |IQ
Graupner 2005;

Q1, @2, Q3

data was bimodal so rapid
and moderate learners
analyzed separately.

No clear relationship
between hrs./wk. and
outcomes (although all
>30 hrs./wk.)

ANOVA with least squares
solution for uneven group
size comparing pre-post
change across groups
(2X2)

Linear or logistic
regression for predicting
outcomes

Predictors of outcome
variables included

based on prior research:
Initial scores on 1Q,
imitation, language, social
relatedness and severity
of symptoms; age not
included.

1. All outcomes (Q1)

2. Post-Tx 1Q (Q2)

3. Social skill acquisition
(Q2)

4. Language skill
acquisition (Q2)

5. Outcomes in average
range at 3 yrs (Q2)

1. Main effect of Grp 1 vs. Grp 2 and
interaction of grps by time were
insignificant for all outcomes.

2. Predictors: receptive language,
verbal and nonverbal imitation, pre-
Tx 1Q, ADI-R social interaction and
communication skills (R?=0.7).

3. Predictors: receptive language,
verbal and nonverbal imitation,
ADI-R communication skills
(R2=0.82).

4. Predictors: receptive language,
verbal and nonverbal imitation,
VABS daily living score, ADI-R
communication skills (R?=0.75).

5. Predictors: Verbal imitation

and ADI-R Communication
(sensitivity=specificity=0.91).

Smith et al. 2000; Within the EIBI group,
Q1 initial 1Q was not
significantly correlated to

‘porqryoad st uonezuoyne Jorad MoyIm uondoNpPosdoy “UONLID0SSY PIOIYS on[g pue ssoa) anjg 60030

outcomes.

None reported.

General table abbreviations and instrument/scale definitions: See Appendix

%
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Table 3C. Analyses (cont'd)

Citation Preliminary Analyses Type of Model

Variables Included/
Method Selected

Outcome Variables

Results

Nonrandomized, Controlled Studies

Eikeseth et al. The Grp 1-Grp 2 difference  None reported.
2002, 2007; widened between year 1
Q1, Q2 and year 8 of follow-up.

In the behavioral group,
correlations among

intake age and outcome
measures or changes
were nonsignificant.

Initial 1Q was strongly
correlated with follow-up
1Q, language, and VABS
except socialization scores,
but not with changes in
these measures. In the
eclectic group, VABS
composite score was
associated with most
outcomes, while the
intake 1Q and language
scores were associated
with those same follow-up
scores.
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Table 3C. Analyses (cont'd)

Citation Preliminary Analyses

Type of Model

Variables Included/

Method Selected Outcome Variables

Results

Nonrandomized, Controlled Studies (cont’d)

Magiati et al. 2007;

ANCOVA

Initial 1Q All outcomes

1. 1Q had a significant covariate

Q1, Q3 effect for all outcomes at follow-up
(all p<0.001).
Family educational status/  All outcomes 2. No statistically significant
SES, children’s age at correlations between age at intake
intake, or type or intensity and any of the outcomes.
of intervention
Hierarchical multiple Step 1: pre-Tx IQ; Step 2: Measure of overall 3. Step 1: R?=0.35, p<0.001 (F-test);
regression model play age equivalent, progress Step 2: R change=0.26, p<0.01
receptive and expressive (F-test). Strongest predictors were
language, VABS-ABC, initial 1Q, receptive language; VABS-
Social, ADI-R Social and ADI-R also predictive.
Remington ANCOVA Covariates: Baseline Reported above: Significant main
et al. 2007; scores on outcome effect of group, but no group x time
Q1 measures interaction, for IQ, mental age, VABS-

Between grps factor:
Grp1, Grp2

Repeated measures factor:
Time (outcomes at 12 vs.
24 mos.)

DL, VABS-Motor. After controlled
for age, VABS-Motor no longer
statistically significant. The lack of
group x time interaction suggests
that the between-grp differences
were comparable at 12 and 24 mos.
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Table 3C. Analyses (cont'd)

Citation

Preliminary Analyses

Type of Model

Variables Included/
Method Selected

Qutcome Variables

Results

Nonrandomized, Controlled Studies (cont’d)

Cohen et al. 2006;
Q1, Q2

Most in EIBI participated for

3 yrs, but 4 dropped out, 3 of
them because they did not
meet specific, predetermined
developmental markers for
continuing intervention.
However, they were included
in the analyses. The EIBI
group’s mean IQ rose from 62
to 87, while for the comparison
group, it increased from 59 to
73. There was no difference
between groups on language
comprehension or nonverbal
skills. 17/21 children in EIBI
group were in regular education

by yr 3 (6 without assistance) vs.

1/21 among controls. On most
measures, the greatest change
in the EIBI group occurred in the
first year of treatment.

ANCOVA with initial scores as
covariate and yr 1, yr 2, yr 3 scores as
repeated dependent measures. The
EIBI group had significantly higher
1Q and adaptive behavior scores at
follow-up. Mother education, father
education and diagnosis used as
covariates, but results should be
interpreted with caution because of
large number of variables relative to
sample size. When father’s education
was added to the ANCOVA, the
difference in mean 1Q was not
statistically significant. Group X time
interactions were not significant. 10
EIBI students had follow-up scores
in the normal range at follow-up, but
pretreatment scores did not differ
significantly between these students
and the rest of the EIBI group.

Farrell et al. 2005;
Q1

None reported

Howard et al. 2005;
Q1, Q2

Grp 1 had normal or near-
normal learning rates in all
skills vs. 1 skill (non-verbal)
for Grps 2, 3, which also
experienced losses in some
domains, e.g., social

and motor skills.

Multiple regression

Age at diagnosis,
parental education

Significant covariates
Other results reported in Table 3A
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Table 3C. Analyses (cont’'d)

Citation Preliminary Analyses

Variables Included/

Type of Model Method Selected

Outcome Variables

Results

Nonrandomized, Controlled Studies (cont’d)

Sheinkopf and
Siegel 1998;
Q1

None reported

Smith et al. 1997;
Q1

None reported

Lovaas 1987;
McEachin et al. 1993;
Q1, Q3

MANCOVA (results in
Table 3A)

ANOVA to identify
predictors

1Q and school placement

Predictors: Prorated mental age
for Grp 1, Grp 2; intake abnormal
speech for Grp 2. Age at intake not
associated with outcomes in either

group.

Single-Arm Studies

Ben-Itzchak and

Zachor 2007; post-Tx was significantly

Q2 correlated for receptive
and expressive language

Progress from pre- to

and play skills, as
well as for nonverbal
communication,
expressive language
and play skills.

Higher 1Q scores were
significantly correlated
with fewer social
interaction deficits.

MANCOVA comparing
children with high (71-103)
or low (50-70) 1Q pre-Tx

MANCOVA comparing
children with higher and
lower social skills pre-Tx

Univariate ANCOVA

MANCOVA comparing
children with higher and
lower communication
skills pre-Tx

Progress re:
Receptive language
Expressive language
Play skills
Nonverbal
communication

Receptive language

High 1Q > Low 1Q (p<.05)
High 1Q > Low 1Q (p<.05)
High 1Q > Low 1Q (p<.05)
High 1Q > Low 1Q (p<.05)

No significant effects

Significant effect post-Tx for higher
social skills grp

No significant effects




oy

‘porqryoad st uonezuoyne Jorad MoyIm uondoNposdoy “UONLID0SSY PIOIYS onjg pue ssor) anjg 60030

Table 3C. Analyses (cont'd)

Citation Preliminary Analyses

Type of Model

Variables Included/
Method Selected

Outcome Variables

Results

Single-Arm Studies (cont’d)

Stoelb et al. 2004, Q2 Looked for correlation
between 15 variables
and EPS change using
Wilcoxon rank sum
test or Spearman rank
correlation; dysmorphic
physical features (p=0.011)
and history of regression
(p=0.0279) significantly
related. MRI results, head
circumference, seizures,
sleep problems, gender,
complex autism, family
addiction, family income,
preTx functioning, parent
participation in Tx, age at
Tx onset, Tx intensity, and
dietary intervention not
significantly related.

Stepwise logistic
regression

Dysmorphology, history
of regression

EPS change

At 6 mos.: dysmorphology
(p=0.0026); R?=0.58; F-test
(2,16)=11.21, p=0.009

At 12 mos.: dysmorphology
(p=0.0013), history of regression
(p=0.0086); R2=0.67, F-test
(2,16)=16.41, p=0.0001

Dysmorphic symptomatology
predictive of likelihood of acquiring
language abilities (Fischer’s exact
test, p=0.0476)

Among those linguistic at start, age

at Tx onset (p=0.0081) and history of
regression (p=0.0269) correlated with
EPS change (Wilcoxon rank sum test)
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Table 3C. Analyses (cont'd)

Citation Preliminary Analyses Type of Model

Variables Included/
Method Selected

Outcome Variables

Results

Nonrandomized, Controlled Studies (cont’d)

Bibby et al. 2002; 1Q before Tx correlated

Q2 with 1Q at start of study
and at follow-up. VABS
scores before treatment
not correlated with VABS
later, but VABS at start
and end of study were

Regression

Separate models (due
to small n) with age

at follow-up, age at
start of Tx, duration of
intervention at follow-up

Progress on 1Q from
1. pre-Tx to start of study

2. pre-Tx to follow-up
3. start of study to
follow-up

VABS scores

Age at start of Tx significant (p=0.04)
but one-tailed test

No significant predictors

No significant predictors

No significant predictors

correlated.
Harris and Placement in regular None reported
Handleman 2000; classrooms was correlated
Q2 (Pearson) with age

at admission (r=.658,
p<0.005); 1Q at admission
(r=.655; p<0.005); and

1Q at discharge (r=.779,
p<0.005). 1Q at discharge
was also significantly
correlated with age and
with 1Q at admission.
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Table 3C. Analyses (cont'd)

Citation Preliminary Analyses

Type of Model

Variables Included/
Method Selected

Outcome Variables

Results

Nonrandomized, Controlled Studies (cont’d)

Luiselli et al. 2000;
Q2, Q3

Stepwise regression with
Bonferroni correction

for multiple analyses
(threshold for significance
of p=0.008)

Age, Tx hrs./wk.,
Tx duration in mos.,
Tx total hrs.

Change scores for
communication, cognition,
and social-emotional
domains

Change scores for fine and
gross motor domains and
self-care domain

1. Predictors: Tx duration of
treatment was only significant
predictor (F-tests)

2. Predictors: Results not significant
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were significantly greater than between the
treatment groups: Sallows and Graupner’s
control group intervention was a less-intensive,
parent-directed versus clinic-directed interven-
tion. However, the subjects still received EIBI
therapy, and the difference in intensity (39
versus 32 hours per week in the first year) was
relatively small. The control group subjects in
Smith et al. (2000) were in special education
classes for only 10-15 hours per week (content
unclear), and their parents received training.
This control group was as close to a “no-inter-
vention” control group as was found in any of
the studies examined. Given these differences
in design, it may not be surprising, then, that
the findings were also inconsistent: Smith et al.
(2000) reported significantly better outcomes
for the experimental group on 2 of the 4 major
domains, while Sallows and Graupner found
no significant differences in outcomes across
treatment groups.

The data from these two randomized, con-
trolled trials neither provide strong support for
nor disprove the superiority of EIBI.

Nonrandomized, Comparative Studies. The
nonrandomized comparative studies are limited
in their ability to address Question 1 by the fact
that initial differences in patient characteris-
tics between treatment groups may affect the
outcomes, which therefore makes it difficult

to attribute any differences in outcomes to the
treatments themselves. Some of the compara-
tive studies did not assemble fully comparable
groups even on the measured variables (see
Table 4 for more details). This occurred in part
because many of the studies relied on conve-
nience samples of one sort or another. Some
studies adjusted for such differences through
multivariate analysis, with varying degrees of
sophistication (e.g., Howard et al. 2005; also see
“Preliminary Analyses” column in Table 3C).
Statistical adjustment for differences in baseline
characteristics may not be an adequate remedy
for confounding if investigators did not adjust
for all important confounders and if selected
confounders were not measured. The sample
sizes also limited the number of variables that
could be considered simultaneously. On the
other hand, most of these studies did rely on an
external diagnosis of autism to qualify children
for inclusion, which would improve the compa-
rability of subjects across and within studies.

Another area of weakness for some studies
(e.g., Eikeseth et al. 2002, 2007; Magiati et al.

2007; Cohen et al. 2006; Howard et al. 2005)
was how well the interventions were described.
This is particularly true of the “eclectic” control
interventions or of studies where the children
were served by a variety of providers through-
out the local area. Although the background
and training of personnel providing the inter-
vention were often mentioned, at least briefly,
little is reported on treatment fidelity and
whether children actually received the types of
interventions reported. Again, this is likely to
be more of an issue when providers are hetero-
geneous rather than supplied by a single clinic
or agency.

Many different instruments were used to
measure outcomes across the studies. As the
list in the Appendix shows, 48 different instru-
ments were used across these studies. There
are a number of contributing factors to this
variation: in retrospective studies, different
instruments had been used for subjects before
treatment, which could not be changed after
the fact; some instruments were added or
subtracted to accommodate variation in sub-
jects’ abilities or changes in their abilities over
time; some instruments were preferred by one
researcher or another. Ultimately, though, the
multiplicity of instruments makes it difficult

to aggregate results over a number of studies
and to be sure, where different instruments are
used within the same study, that the changes
measured over time are valid.

In addition to this limitation inherent to the
research design, the studies examined in this
report are heterogeneous in their research
design (e.g., prospective versus retrospective,
instruments used, analyses performed), type of
intervention (e.g., intensity of program, home-
versus community-based, use of control group
with a single intervention or a mix of interven-
tions [“eclectic”]), and results. Discussing these
studies together does not imply that they are
truly comparable. For example, some authors
reported simple Pearson correlation coeffi-
cients, while others used ANOVA, MANCOVA,
or multiple regression analysis. All of the non-
randomized studies are rated to be poor quality,
because of “fatal flaws,” such as use of multiple
instruments for different children to measure
the same domain, baseline differences in treat-
ment groups that are not addressed through
multivariate analyses, or omission of key out-
comes (see Tables 4 and 5 for more details).
The following brief descriptions provide some
examples of the heterogeneity encountered.

©2009 Blue Cross and Blue Shield Association. Reproduction without prior authorization is prohibited. 43
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Table 4. Study Quality for Randomized, Controlled Trials (RCTs) or Cohort Studies

(categories based on U.S. Preventive Services Task Force Procedure Manual; http://www.ahrg.gov/clinic/uspstf08/methods/procmanual.pdf)

Comparable Groups*

Intention-to-treat

Equal, All Important Analysis (RCTs)

Small Loss to Reliable, Valid Clearly Defined Outcomes or Adjust for
Citation Initial Assembly  Maintenance Follow-up Measurement Intervention Considered Confounders Overall Rating
Sallows and Graupner Y Y Y N Y Y Y Fair
20052
Smith et al. 2000° Y Y Y %% Y Y Y Fair
Eikeseth et al. N N ? ? N Y ? Poor
2002, 200720
Magiati et al. 20072¢ N N Y N N Y ? Poor
Remington N N Y ? Y ? Poor
et al. 20072¢
Cohen et al. 2006 N N ? ? N Y Y Poor
Farrell et al. 2005 N N Y N Y Y N Poor
Howard et al. 2005%¢ N N N N N Y Y Poor
Sheinkopf and ? ? Y ? N N N Poor
Siegel 19982b¢
Smith et al. 19974 ? ? Y ? ? N N Poor
Lovaas 1987; McEachin N N Y N Y N N Poor

et al. 19932bdf9

2 Varied instruments used for different children to measure outcomes for same domain.

> Did not perform multivariate analysis to adjust for initial differences between treatment groups.
¢ Treatment or usually control group included a mix of interventions.

4 Did not report results for all key outcome domains to assess a comprehensive intervention.

¢ Developed instrument for this study with no validation.

fTime from end of treatment to second follow-up (included in Table 3) longer in control than experimental subjects.

9 Control subjects 6 months older on average than experimental group.

h Experimental group at 3 sites; all control subjects at UCLA. Also, some in experimental group treated later when advances in EIBI may have been incorporated into their treatment.
" Multivariate analysis conducted but authors note that there are too many variables relative to the sample size.

i Gender distribution not reported or controlled for.
i Data available on different subjects pre and post; also timing of initial measurement varied.

*For nonrandomized studies, indicated “N” if measurable differences reported in study, “?” otherwise, since with small samples differences may not be detected.

**2 = criterion partially met or not clear from article.
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i 4

Table 5. Study Quality for Single-Arm Studies (categories proposed by Carey and Boden [2003]) for Question 2. Patient Characteristics Likely to Predict Response to Treatment

Discussion and

Well-Described Validated Appropriate Conclusion Funding

Clearly Defined Study Well-Described Outcome Statistical Well-Described Supported by Source
Citation Question Population Intervention Measures Analysis Results Data Acknowledged Overall Rating
Ben-Itzchak and Y Y ? N ? Y ? Y Poor
Zachor 20072
Stoelb et al. 2004 Y N ? N N N N N Poor
Bibby et al. 2002°< Y N N N (not all) ? ? Y Y Poor
Harris and Y Y ? ? N Y ? N Poor
Handleman 2000¢
Luiselli et al. 2000 Y Y Y ? ? ? ? N Poor

2 Developed instrument for this study with no validation.

b Varied instruments used for different children to measure outcomes for same domain.

¢ Treatment or control group included a mix of interventions.




Technology Evaluation Center

Howard et al. (2005) compared EIBI (25-30
hours per week) to a similarly intensive “eclec-
tic” program and to a nonintensive public early
intervention program. With a relatively short
follow-up of 14 months and after controlling
for age at diagnosis and parental education, the
EIBI group outperformed the control groups

on all dimensions except for motor skills. This
group alone also demonstrated normal or near-
normal learning rates.

Eikeseth et al. (2002, 2007) also compared a
behavioral intervention to an “eclectic” special
education program (including some ABA ele-
ments) in an older group of children who were
4 to 7 years old when they enrolled. The gains
were statistically significantly greater for the
behavioral group on 1Q, communication, social
interaction, and adaptive behavior.

Magiati et al. (2007) compared a home-based
behavioral approach to autism-specific nurser-
ies with an “eclectic” approach. After about

2 years, there was no significant difference
between the groups, except for a “marginally
significant” difference (p=0.06) for the behav-
ioral group on the VABS daily living skills
standard score.

Remington et al. (2007) compared EIBI with an
eclectic school program at 12 and 24 months.
The results were mixed, with the EIBI group
performing better at follow-up on some mea-
sures (e.g., cognitive, VABS daily living sub-
scale) but not on others (e.g., communication
and some social skills).

Cohen et al. (2006) compared a group of chil-
dren under the care of a community agency
following the Lovaas model with the addition
of social skills training for about 35-40 hours
per week versus children in special education
classes at local schools. The intensive group
had significantly higher 1Q, adaptive behavior,
social interaction, and some communication
scores at follow-up 3 years later.

Farrell et al. (2005) did not supply usable data
comparing EIBI with a school-based interven-
tion in England because the outcomes were
measured at different points in the interven-
tion process. For example, the time between
first and last administration of the Bayley was
26 months for the EIBI intervention versus 20
months for the school-based intervention. In
addition, results are reported for each group,
yet the number of children at first and final

assessment for each group varied, e.g., Vineland
Adaptive Behavior Scale results reported for 6
children at the start of the project and 7 chil-
dren at the end; the corresponding numbers for
the school-based group were 9 and 7.

If the results are taken at face value, without
accounting for differences and weaknesses

in study design and implementation, there
appears to be greater consistency in measuring
the impact of EIBI on cognitive skills, and pos-
sibly in detecting positive results, than for other
domains. One of the domains least consistently
addressed in the studies is ritualistic or self-
destructive behaviors. The body of evidence
overall is too weak to reach conclusions regard-
ing any of the domains.

It is important to distinguish between certainty
about ineffectiveness and uncertainty about
effectiveness. Based on the weakness of the
available evidence, we are uncertain about the
effectiveness of EIBI for ASDs.

Question 2. Can patient characteristics
be identified that predict better outcomes
from EIBI?

Given the lack of a definitive answer to ques-
tion 1 on the relative effectiveness of EIBI,
question 2 on whether there are characteristics
of children that predict a greater likelihood of
success cannot be answered either. However,
researchers have attempted to measure the
relationship between specific characteristics
and outcomes. The ideal method of identify-
ing characteristics likely to predict treatment
outcomes is to examine treatment by covariate
(i.e., child characteristics) interaction terms in
the context of a randomized controlled trial.
Such analyses can be performed for nonran-
domized studies, but the evidence is weaker
due to the uncertain influence of residual con-
founding. Single-arm studies suggest candidate
characteristics that could be investigated in
future randomized, controlled trials. Therefore,
the reported results should be interpreted with
caution.

In the original study, L.ovaas found that “pro-
rated mental age” was a significant predictor
of outcomes, which in that case, were 1Q and
school placement. Eikeseth et al. (2002, 2007)
found that initial IQ was strongly correlated
with follow-up 1Q, language, and VABS, but
not with changes in these measures over time.
Magiati et al. (2007) also reported a significant

46 ©2009 Blue Cross and Blue Shield Association. Reproduction without prior authorization is prohibited.



covariate effect for initial IQ in an ANCOVA
comparing outcomes at intake and follow-up;
however, the intensive behavioral group had a
higher 1Q than the control group to begin with.
In contrast, Smith et al. (2006) did not find a
significant correlation between initial 1Q in the
EIBI group and outcomes.

The results on the predictive value of age at
intake vary. Howard et al. (2005) found that
age at intake was a significant covariate in
predicting outcomes. Eikeseth et al. (2002,
2007) did not detect a significant correlation
between age at intake and outcome measures
or the change in outcome measures. Magiati
et al. (2007) reported no significant correlation
between outcomes and age at intake, family
educational or socioeconomic status, or type/
intensity of treatment.

Parents’ education has also been examined
and found to be significant in some cases
(Cohen et al. 2006). Eikeseth et al. (2002, 2007)
found a correlation in one of the treatment
groups (the “eclectic” one) between the VABS
composite score and most outcomes.

Three single-arm studies were also reported.
Harris and Handleman (2000) examined pre-
dictors of outcomes after 4-6 years among

27 children with autism who participated in
EIBI in one of three settings. They found that
placement in regular classrooms (the only
outcome measured) was correlated with age

at admission and with IQ at both admission
and discharge. Ben-Itzchak and Zachor (2007)
examined the impact of initial IQ on com-
munication and play skills among children in
EIBI at least 35 hours/week. Using a MANCOVA
comparing high (71-103) and low (50-70) 1Q
groups, they found that the higher 1Q group
made better progress with receptive and
expressive language, play skills, and nonverbal
communication skills (p<0.05), while the low
1Q group made more progress with imitation
skills. Groups divided by their pretreatment
scores on social and communication skills did
not perform differently at follow-up. Finally,
Luiselli et al. (2000) compared children at a
center receiving ABA-based therapy 6-20 hours
per week for 5-20 months, which would be
considered low intensity therapy. He compared
children who started treatment when they
were younger than 3 years vs. those that were
older; there was no difference in outcomes
between the groups.

Question 3. Does the effect of EIBI
vary according to the intensity and
overall duration of treatment?

Some of the studies discussed regarding
Question 1 also compared outcomes for differ-
ent intensities of treatment. The original non-
randomized Lovaas/McEachin study reported
more favorable outcomes among the higher
intensity group. Sallows and Graupner (2005),
in contrast, found no differences between EIBI
programs of slightly varying intensity (clinic-
based program for approximately 38 hours

per week versus parent-managed program for
approximately 32 hours per week), although
there were other differences between the pro-
grams as well. The authors also reported that
initial scores on the outcome variables were
more predictive of outcomes at follow-up than
the weekly hours of treatment. The intensity of
treatment also varied in the Cohen et al. (2006)
article, but so did other factors. In a single-arm
study (Luiselli et al. 2000), duration of treat-
ment (but not hours per week or total hours)
was a predictor of outcomes in a stepwise
regression; however, the sample size was small.

Two additional questions regarding EIBI are
how long children should be in the program and
whether some children who do not appear to

be benefiting from EIBI should continue treat-
ment. Unfortunately, the literature sheds little
light on these issues. Many of the EIBI therapies
lasted a few years or less and were phased out
as children entered school. However, there

are no studies that explicitly address this issue
(Tristram Smith, PhD, personal communication,
15 Jan 2009). Lovaas (1987) remarked that a
few children continued in his program for many
years and did not show changes in scores on
standardized tests, although they did seem to
acquire individual skills (Tristram Smith, PhD,
personal communication, 15 Jan 2009). Some
studies have included data on yearly assess-
ments (e.g., Cohen et al. 2006; Sallows and
Graupner, 2005), and the biggest gains seemed
to occur in the first year, leading some com-
mentators to suggest that three years may be
unnecessary (e.g., Howlin et al. 2009). Clearly,
however, the available data on this point are
quite limited (Tristram Smith, PhD, personal
communication, 15 Jan 2009).

A few studies also stopped EIBI treatment for
children that did not meet prespecified mile-
stones or had reached a plateau (e.g., Smith
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et al. 2000; Cohen et al. 2006). After EIBI, the
usual recommendation has been for children

to enter school, often with a more focal ABA
intervention such as training in augmentative
or alternative communication, instruction in
following visual schedules to complete tasks
independently, prompting and reinforcement
procedures to increase participation in group
activities, peer-mediated social skills training,
or some discrete trial training (often about 5
hours a week) to pre-teach skills needed to
function at school. There are also ABA class-
rooms, sometimes offered in the public schools,
but sometimes run by private, nonprofit agen-
cies (Tristram Smith, PhD, personal communi-
cation, 15 Jan 2009). These differ from EIBI in
that the focus is less on individual therapy and
more on group participation, independent task
completion, and life skills, with no expecta-
tion that children will accelerate their overall
development as measured by standardized tests
(Tristram Smith, PhD, personal communication,
15 Jan 2009). Both of these issues need to be
systematically addressed in research studies.

Summary by Question

Question 1. The strongest evidence is provided
by two randomized, controlled trials (Smith et
al. 2000; Sallows and Graupner 2005). However,
weaknesses in research design, differences in
the treatments and outcomes compared, and
inconsistent results mean that impact of EIBI
versus other treatments on outcomes for chil-
dren with autism cannot be determined. For
example, Sallows and Graupner (2005) found
that children in the experimental and control
groups combined improved significantly over
time, but there was no statistically significant
difference in the rate of improvement between
groups. Smith et al. (2000), in contrast, found
that the experimental group had significantly
better cognitive and communication skills

than the control group at follow-up, but there
was no difference between the groups’ social
interaction or adaptive skills. The EIBI treat-
ments used in the two studies also varied: For
example, Sallows and Graupner (2005) com-
pared groups receiving clinic-directed therapy
for 39 hours per week in year 1 versus a
parent-directed therapy averaging 32 hours per
week. So both groups had fairly intensive, ABA-
based therapy and differed on the precise hours
of treatment and the intensity of supervision

by more experienced staff. Smith et al. (2000),
in contrast, compared a clinic-run program for

about 25 hours per week versus special educa-
tion classes for 10-15 hours per week combined
with a parent training program. The evidence
is insufficient to determine whether or not EIBI
is more effective than alternative approaches
for children with ASDs.

Question 2. Given the lack of a definitive
answer to Question 1 on the relative effective-
ness of EIBI, Question 2 on whether there are
characteristics of children that predict a greater
likelihood of success cannot be answered
either. However, researchers have attempted

to measure the relationship between specific
characteristics and outcomes. The ideal method
of identifying characteristics likely to predict
treatment outcomes is lo examine treatment by
covariate (i.e., child characteristics) interaction
terms in the context of a randomized controlled
trial. In the absence of such data, results from
nonrandomized comparative studies or single-
arm studies were reviewed to suggest candi-
date characteristics that could be investigated
in future randomized, controlled trials. Age and
cognitive functioning (usually measured by

1Q) at intake were the most commonly studied
in the articles included in this review. Three

of the four studies examining the impact of
pretrealment cognitive functioning found that
it significantly predicted outcomes, while one
(a randomized, controlled trial) did not. The
findings on age were more variable, with some
studies suggesting that younger age at the start
of therapy is a predictor of better outcomes
(e.g., Howard et al. 2005), while others found
no difference based on initial age (e.g., Magiati
et al. 2007).

Question 3. The findings on whether more
intense treatment leads to better outcomes
were inconsistent, and no conclusions can

be drawn. In a nonrandomized trial, Lovaas
and colleagues (Lovaas 1987; McEachin et al.
1993) reported that outcomes were better in
the more intensive group (more than 40 hours
per week vs. 10 or fewer hours per week) but
this study has a number of limitations. Sallows
and Graupner (2005) compared randomized
children in groups receiving about 39 versus 52
hours per week and detected no difference in
outcomes across groups. However, the variation
in intensity was not as great in this study, and
there were other differences in the programs
as well (e.g., clinic- versus parent-directed
therapy programs).
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Discussion

The evidence from randomized, controlled
trials is generally more valid than that from any
other type of research design. The challenge in
conducting studies is ensuring that the differ-
ences in outcomes between treatment groups
in a study (or lack thereof) are due to the treat-
ment itself and not to some other factor that
also differs across groups. In a nonrandomized
comparative study, if there are known differ-
ences between treatment groups (for example,
if one group is older than the other or has
fewer severe symptoms on average), statisti-
cal methods can be used to adjust for those
differences, assuming the sample size is large
enough. However, there is always the pos-
sibility and sometimes the likelihood that the
groups are also different in other ways that are
not being measured and adjusted for statisti-
cally. The virtue of randomization, if the sample
size is large enough, is that it should evenly
distribute those unmeasured factors across
treatment groups. As a result, differences in
outcomes hetween treatment groups should be
attributable to the treatment itself and not to
unmeasured factors. Because of the strength of
this research design, greater weight should be
given to the results of randomized, controlled
trials, if they are well-conducted, than to non-
randomized, comparative studies.

More generally, in the setting of comparative
studies subgroup differences should be assessed
with a treatment by covariate interaction (to
determine if treatment effect varies by the cova-
riate or is constant). The strongest evidence is
provided by evaluating significant treatment by
covariate interactions for prespecified subgroup
analyses in randomized, controlled trials. Such
analyses can be performed for nonrandomized
studies, but the evidence is weaker due to the
uncertain influence of residual confounding.
The sample size must also be large enough

to be able to control for initial differences
between the intervention and control groups,
and it is essential that all likely confounders are
included. Single-arm assessments of outcome
predictors can only identify candidates for sub-
group analyses in future randomized, controlled
trials. Therefore, the reported results should be
interpreted with caution.

As discussed above under Study Selection,
studies with one or a few subjects, while often
used in this field, do not provide answers on the

effectiveness of EIBI versus other approaches
on a population of children with ASDs. Single-
subject studies aim to evaluate the effect of an
intervention on a specific individual rather than
on a diverse group of individuals with the con-
dition. We are interested in the latter objective:
how effective is EIBI among children with ASDs
in the U.S.? Group designs, ideally random-
ized controlled trials but also nonrandomized
comparative studies, are the only type that can
address this question.

Second, in a report in 2001 on small clini-

cal trials (Evans et al. 2001), the Institute of
Medicine identified a set of criteria to consider
in deciding whether or not to perform single
subject, which they call “n-of-1” trials. Several
aspects of researching EIBI among children
with ASDs make it more difficult to derive valid
results from the single-subject design, includ-
ing the inability to use blinding, the variability
of the condition over time, and the carryover
effect. In single-subject designs, the goal is for
the researcher to repeat a task or approach
several times, alternated with other tasks and
measure the impact of each. But if the effect
of the first task is long lasting, as one would
want it to be in children with ASDs, it makes it
impossible to separate the impact of that first
task from all subsequent tasks and thereby
undermines the utility of this approach.

Using a group research design may not solve
all of the problems, but it helps considerably.
First, randomization, if the sample size is suf-
ficiently large, may offset some of the heteroge-
neity by distributing these characteristics across
treatment groups, so that an overabundance of
a specific characteristic in a given treatment
group does not potentially confound the results.
Second, the impact of specific characteristics,
such as age, can be factored into the research
design by 1) stratifying for age in the random-
ization process (preferable), 2) prespecifying a
subgroup analysis on age to be performed after
the results are collected, or 3) adjusting for age
through multivariate analysis (least informative
regarding the impact of age). Third, the poten-
tial confounding effects, such as the order in
which treatments are introduced, can be exam-
ined directly by comparing children in whom
intervention A is provided before intervention B
to those for whom B is introduced first.

There are a number of challenges in assessing
the effectiveness of interventions for autism,
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which stem both from the nature of autism
itself and, in some cases, from the types of
interventions used. One challenge relates to the
large variation in the presentation of autism as
well as in progress among children with autism
over time (see, e.g., discussion in Ben-Itzchak
and Zachor 2007). For example, children of a
similar age may present with or without the
ability to speak. There are differences in cogni-
tive ability, which may predict outcomes. The
course of the disease also varies. In one study,
about 15% of a combined autism/ASD group
aged 2 to 5 years lost both language and social
skills, while 41% lost one or the other (Hansen
et al. 2008).

A second challenge is the many instruments
used to gauge the various aspects of autism. In
many studies, multiple instruments are used,
sometimes to measure the same concept. An
instrument that may be appropriate for measur-
ing cognitive ability in a 24-month-old may not
be suitable for an older child at the end of the
follow-up period. So differences in instruments
may complicate the ability to assess change
over time. Although some instruments are
commonly used in these studies, such as the
Vineland Adaptive Behavior Scales, many differ-
ent instruments are used as well. This suggests
a lack of consensus on which outcomes should
be assessed and reduces the ability to compare
across studies.

Ozonoff et al. (2005) point to the need for
evidence-based assessment of ASD in both
research and clinical practice. They note

that this field has advanced greatly in recent
decades, but that much remains to be done. As
they point out, “...very few studies have directly
compared different instruments, and thus there
is little empirical basis to guide practitioners
who are selecting among different assessment
tools.” They recommend a core minimal assess-
ment battery, which includes autism diag-
nostic measurement, intellectual assessment,
language assessment, and adaptive behavior
assessment. They identify other domains that
may be desirable to include as well, but note
that there is scant research on the added value
provided by measuring these domains, includ-
ing neuropsychological assessment, attention,
executive function, and academic functioning.

Given the variability among children with
autism, both at any given time and in their
progression over time, as well as the difficulty
of measuring some of the common character-
istics using a variety of instruments, the use

of a control group is particularly important. As
always, randomization is the preferred method
because it accounts for differences in unmea-
sured but possibly significant factors. When this
is not feasible or accepted by the participants,
careful matching on a variety of characteristics
is critically important.

A third challenge that complicates efforts to
measure the impact of ASD interventions is
the type of intervention being examined in this
report. In a clinical trial of a medication, the
intervention itself, i.e., the drug, does not vary
from one participant to another within a given
intervention group. In examining behavioral
interventions, this is not the case for several
reasons. First, the nature of the intervention is
more loosely defined, and in the case of EIBI
based on applied behavior analysis, the original
intent was that the specific approach would be
tailored to each individual. The child’s response
to therapy is assessed frequently and plans for
the next period are based on the child’s perfor-
mance in the previous period. As Loovaas and
Smith (2003) wrote:
[B]ecause large individual differences exist
among children diagnosed with autism
(e.g., some are nonverbal while others have
extensive language), behaviorists emphasize
intensive studies of individual children using
single-case experimental designs such as
ABAB reversal or multiple baseline designs.
The goal is the discover interventions that
have reliable, clinically meaningful ben-
efits for each child. Children may then be
classified into groups based on a common
response to intervention rather than a com-
mon set of behaviors; thus the classification
is functional rather than topographical.

In their systematic review, Bassett et al. (2000)
present their views of this approach:
The actual method for this ‘analysis’ [that is,
the individualization of the treatment pro-
gram for each child] is not clearly defined.*
Rather, it is stated as a general prin-
ciple of ongoing critical analysis of effect.

* Others disagree with this statement. For example, Tristram Smith, PhD (personal communication, 11 Dec 2008), states the
following: “While it is true that methods for individualizing interventions are not described fully in any one source, there are
many published manuals on single-case designs, functional assessment and function-based intervention plans, decision-making

based on response to intervention, etc.”
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Behavioural modification therapy therefore
seems to use what might be described as
an ecological model. Both individual behav-
ior and the context in which it occurs are
regarded as amenable to change, with an
open possibility of altering either or both so
as to effect improvement in behavior.

In addition to variations within EIBI approach,
other quasi-experimental studies evaluated
children in a wide variety of programs (e.g.,
Magiati et al. 2007; Eikeseth et al. 2002, 2007).
The control group in these studies may consist
of “eclectic” programs that use elements of

a number of different approaches that the
teacher or organizer believes may be effective.
It is difficult to characterize these interventions
because, by definition, they are heterogeneous
and are likely to change over time as well.

The nature of the intervention could also vary
with the person providing the therapy, given
their mannerisms, personality, etc. Perhaps
because of the intensive nature of the inter-
vention and the many hours involved, nine or
more therapists could be providing services to
an individual child over a period of a year or
two (e.g., Magialti et al. 2007). How well this
care is supervised and coordinated is likely to
vary from one context to another as well. The
original UCLA project mostly used graduate
students to provide the therapy, with supervi-
sion by more experienced staff. The nature of
EIBI has also changed over time, as research
was done and one key feature of the original
program—the use of aversives such as slapping
the child’s thigh—fell out of favor.

A number of terms are now used, such as Early
Intensive Behavior Intervention (EIBI), Lovaas
model, or ABA. In some programs, features of
other approaches that have apparently been
useful are added. In most studies, children may
undergo other interventions as well, including
medication, dietary changes (e.g., gluten- and
casein-free diet), and speech therapy. In the
real world, it is understandable that parents
and caregivers try many approaches to helping
children with this difficult disorder, but doing
so makes it hard to determine the impact of a
specific intervention, especially when random-
ization is not used to balance the groups.

A report on autism published by the National
Research Council, of the National Academy

of Sciences, in 2001 summarized many of the

key issues in the following recommendation

(NRC 2001):
Future research on intervention programs
for young children with autistic spectrum
disorders should address the following meth-
odological issues: application of standard-
ized procedures for describing participants
in intervention studies, including children’s
diagnoses, chronological age, developmental
and behavioral information, family informa-
tion, gender, sociometric status, race, and
pertinent health or biological information;
the association between fidelity of treatment
information and treatment outcomes; the
association between participants’ character-
istics and treatment outcomes (e.g., aptitude-
by-treatment interactions); the development
of early identification procedures and their
relationship to early access to services;
and identification of program features (i.e.,
“active ingredients” of intervention pro-
grams) that relate most directly to child and
family outcomes. The impact on growth for
young children with autistic spectrum disor-
ders may be measured by techniques such
as growth curve analysis, hierarchical linear
modeling, and/or structural equation mod-
eling to model the longitudinal growth and
treatment. Addressing these methodologi-
cal issues will require larger sample sizes,
longitudinal follow-ups of participants, and
interdisciplinary collaboration.

The variability of presentation and progression
among children with autism spectrum disor-
ders, as well as potential differences in imple-
mentation of behavioral interventions, make
this topic challenging to study. Nevertheless,
this topic is of sufficient importance that addi-
tional research is needed to identify those char-
acteristics of treatment—content, technique,
intensity, starting and ending age, etc.—that
maximize its effectiveness. Because of the chal-
lenges in launching a very large randomized
trial and the ethical necessity to provide some
treatment to the control group, this body of
research needs to be built piece by piece, with
a series of studies that investigate different
components of the larger research question.
For this to be effective, however, the overall
quality of studies needs to be raised, with a
greater emphasis on randomized controlled
trials, where at all possible; substantially larger
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sample sizes; uniformity of outcomes evaluated
and instruments used to measure them; consis-
tent treatments that do not vary widely within
treatment groups (e.g., experimental or control
group), longer follow-up, etc.

The cost of continuing the current course

of assuming that EIBI works may not be
obvious. EIBI is costly financially for society
and requires a large time commitment from
children, their families, and their teachers

or therapists. However, these programs may
not appear to pose any harm for the children
themselves. Nevertheless, the opportunity costs
could be high, indeed, of providing suboptimal
care lo these children, simply because we as

a society do not know what works best. The
children may be treated with an intervention
that is not as effective as the alternatives. And if
we accept an intervention because it seems to
work, without solid evidence, research on the
alternatives or on how it can be improved

is likely to be stifled.

NOTICE OF PURPOSE: TEC Assessments are scientific opinions, provided solely for informational purposes. TEC Assessments
should not be construed to suggest that the Blue Cross Blue Shield Association, Kaiser Permanente Medical Care Program or the
TEC Program recommends, advocates, requires, encourages, or discourages any particular treatment, procedure, or service; any
particular course of treatment, procedure, or service; or the payment or non-payment of the technology or technologies evaluated.

CONFIDENTIAL: This document contains proprietary information that is intended solely for Blue Cross and Blue Shield Plans

and other subscribers to the TEC Program. The contents of this document are not to be provided in any manner to any other
parties without the express written consent of the Blue Cross and Blue Shield Association.
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Table A1. General Abbreviations used in Report Tables

~ approximately

ABA applied behavioral analysis
ASD autism spectrum disorder
Ctrl control

Dx diagnosis

EEG electroencephalogram

EIBI early intensive behavioral intervention
Exp experimental

FU follow-up

Grp group

hr(s) hour(s)

mos. months

N no

n sample size

NR not reported

NS not significant

PDD-NOS pervasive developmental disorder: not otherwise specified
Q1,Q2, Q3 Key Question 1, 2, or 3
Reg. regular

SD standard deviation

Tx treatment

w/ with

w/out without

wks weeks

Y yes

yr(s) year(s)
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Instruments and Scales in Tables

Achenbach

ADI-R

ADOS
ASQ

BAS
BSID or BSID-R
Br Picture
Cattell
CARS
CBC
CELF I
DAS
DAYC
DBC
Denver
DP-II
ELAP
ESCS
EVT
Express 1-Word
GARS
ITDA

LAP
Leiter-R
Lovaas

Merrill-Palmer
Nisonger-Positive Social
Peabody-3

PECS

PEP-R

PIC

PLS-3

Pretend Play
REEL-R
Reynell-Comp
Reynell-Express
Rossetti

SICD-R

SPELL
Stanford-Binet
Stanford-Binet/P
TEACCH

VABS

Weschler
Woodcock-Johnson
Recept 1-Word

Rockford
Symb Play

Achenbach Child Behavior Checklist (completed by primary caregiver)

and parallel Teacher Report Form

Autism Diagnostic Interview-Revised; includes scales on communication (Comm)
and social skills (Social)

Autism Diagnostic Observation Schedule

Autism Screening Questionnaire (derived from ADI)

British Abilities Scale

Bayley Scales of Infant Development; BSID-R=Revised

British Picture Vocabulary Scale-lII

Cattell Infant Intelligence Scale

Childhood Autism Rating Scale

Child Behavior Checklist

Clinical Evaluation of Language Fundamentals, 3rd edition

Differential Abilities Scale

Developmental Assessment of Young Children

Developmental Behavior Checklist, parent report version

Denver Developmental Screening Test Il

Developmental Profile-Il

Early Learning Accomplishments Profile

Early Social Communication Scales

Expressive Vocabulary Test

Expressive One-Word Picture Vocabulary Test-Revised

Gilliam Autism Rating Scale

Infant-Toddler Developmental Assessment

Learning Accomplishments Profile

Leiter International Performance Scale-Revised

Scoring system developed by Lovaas, including expressive speech, apparent sensory
deficits, adult rejection, no toy play, stereotyped behaviors, tantrums, no toilet training
Merrill-Palmer Scale of Mental Tests (assesses visual-spatial skills)

Nisonger Child Behavior Rating Form-Positive Social Subscale

Peabody Picture Vocabulary Test-3rd edition

Picture Exchange Communication System

Psychoeducational Profile-Revised

Personality Inventory for Children

Preschool Language Scale-3

Test of Pretend Play

Receptive-Expressive Emergent Language Scales-Revised

Reynell Language Comprehension

Reynell Expressive Language

Rossetti Infant-Toddler Language Scale

Sequenced Inventory of Communication Development-Revised

Structure, Positive (approaches and expectations), Empathy, Low arousal, Links
Stanford-Binet Intelligence Scale

Stanford-Binet Performance Test

Treatment and Education of Autistic and Related

Communication-Handicapped Children

Vineland Adaptive Behavior Scales (including Composite [ABC], Communication
[Comm], Daily Living [DL], Motor Skills [MS], and Socialization [Social])
Wechsler Preschool and Primary Scales of Intelligence or Weschler Intelligence Scale
for Children-Revised

Woodcock-Johnson Il Tests of Achievement

Expressive One-Word Picture Vocabulary Test

Rockford Infant Development Evaluation Scales

Symbolic Play Test-2nd edition
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Table A2. Excluded Studies (does not include reviews or studies of instruments to measure outcomes)
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Exclusion Citation
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D Anderson SR, Avery DL, DiPietro EK et al. (1987). Intensive home-based early intervention
with autistic children. Educ Treat Child, 10(4):352-66.

A, C Bartman S, Freeman N. (2003). Teaching language to a two-year-old with autism.

J Dev Disabil, 10(1):47-53.

D Beglinger L, Smith T. (2005). Concurrent validity of social subtype and IQ after early
intensive behavioral intervention in children with autism: a preliminary investigation.
J Autism Dev Disord, 35(3):295-303.

E Birnbrauer JS, Leach DJ. (1993). The Murdoch Early Intervention Program after 2 years.
Behav Change, 10(2):63-74.

C Bono MA, Daley T, Sigman M. (2004). Relations among joint attention, amount of intervention
and language gain in autism. J Autism Dev Disord, 34:495-505.

F Boyd RD, Corley MJ. (2001). Outcome survey of early intensive behavioral intervention for
young children with autism in a community setting. Autism, 5(4):430-41.

A, B, C Burt DB, Fuller SP, Lewis KR. (1991). Competitive employment of adults with autism.

J Autism Dev Disord, 21(2):237-42.

A Butter EM, Mulick JA, Metz B. (2006). Eight case reports of learning recovery in children with
pervasive developmental disorders after early intervention. Behav Interv, 21(4):227-43.

D Davis BJ, Smith T, Donahoe P. (2002). Evaluating supervisors in the UCLA treatment model for
children with autism: Validation of an assessment procedure. Behavior Ther, 33(4):601-14.

F Dillenburger K, Keenan M, Gallagher S et al. (2004). Parent education and home-based
behaviour analytic intervention: An examination of parents’ perceptions of outcome.

J Intellect Dev Disabil, 29(2):119-30.

F DiPietro E, Luiselli JK, Campbell S et al. (2002). A parent survey approach to evaluate
public school education of children with autism/pervasive developmental disorder following
center-based behavioral treatment. Spec Serv Schools, 18(1-2):119-31.

B,C, F Drew A, Baird G, Baron-Cohen S et al. (2002). A pilot randomised control trial of a parent
training intervention for pre-school children with autism. Preliminary findings and
methodological challenges. Eur Child Adolesc Psychiatry, 11(6):266-72.

A Easterbrooks SR, Handley CM. (2005). Behavior change in a student with a dual diagnosis of
deafness and pervasive developmental disorder: a case study. Am Ann Deaf, 150(5):401-7.

F Elbing U, Rohmann UH. (1994). [Effects of an intensive therapy program for behaviorally
disordered mentally handicapped patients on staff personnel in residential care].

Prax Kinderpsychol Kinderpsychiatr, 43(3):90-7.

E Eldevik S, Eikeseth S, Jahr E et al. (2006). Effects of low-intensity behavioral treatment for
children with autism and mental retardation. J Autism Dev Disord, 36(2):211-24.

A C Fertel-Daly D, Bedell G, Hinojosa J. (2001). Effects of a weighted vest on attention to task
and self-stimulatory behaviors in preschoolers with pervasive developmental disorders.

Am J Occup Ther, 55(6):629-40.
C Gabriels RL, Hill DE, Price RA et al. (2001). Predictors of treatment outcome in young

children with autism: A retrospective study. Autism, 5(4):407-29.

58 ©2009 Blue Cross and Blue Shield Association. Reproduction without prior authorization is prohibited.



Table A2. Excluded Studies (does not include reviews or studies of instruments to measure outcomes) (cont’'d)

Reason for

Exclusion Citation

A C Garcia Garcia A, Bomez Bujedo J, Gutierrez Dominguez MT et al. (2001). Formacion y ampliacion
de clases de equivalencia aplicadas al tratamiento de un nino autista / Formation and expansion
of equivalence classes applied to the treatment of an autistic child. Anal Modificacion Conducta,
27(114):649-69.

C Gillberg C, Steffenburg S. (1987). Outcome and prognostic factors in infantile autism and
similar conditions: A population-based study of 46 cases followed through puberty.
J Autism Dev Disord, 17(2):273-287.

A Graff RB, Green G, Libby ME. (1998). Effects of two levels of treatment intensity on a young
child with severe disabilities. Behav Interv, 13(1):21-41.

A Green G, Brennan LC, Fein D. (2002). Intensive behavioral treatment for a toddler at high risk
for autism. Behav Modif, 26(1):69-102.

F Green VA. (2007). Parental experience with treatments for autism. J Dev Phys Disabil,
19(2):91-101.

F Grey IM, Honan R, McClean B et al. (2005). Evaluating the effectiveness of teacher training
in Applied Behaviour Analysis. J Intellect Disabil, 9(3):209-27.

F Grindle CF, Kovshoff H, Hastings RP et al. (2008). Parents’ experiences of home-based applied
behavior analysis programs for young children with autism. J Autism Dev Disord, 39(1):42-56.

A C Gunter PL, Fox JJ, McEvoy MA, Shores RE et al. (1993). A case study of the reduction of
aberrant, repetitive responses of an adolescent with autism. Educ Treat Child, 16(2):187-97.

A, B, C Hagopian LP, Bruzek JL, Bowman LG et al. (2007). Assessment and treatment of problem
behavior occasioned by interruption of free-operant behavior. J Appl Behav Anal, 40(1):89-103.

A B, C Hagopian LP, Fisher WW, Legacy SM. (1994). Schedule effects of noncontingent reinforcement
on attention-maintained destructive behavior in identical quadruplets. J Appl Behav Anal,
27(2):317-25.

D Harris SL, Handleman JS, Gordon R et al. (1991). Changes in cognitive and language functioning
of preschool children with autism. J Autism Dev Disord, 21:281-90.

F Hastings RP. (2003). Behavioral adjustment of siblings of children with autism engaged in
applied behavior analysis early intervention programs: the moderating role of social support.
J Autism Dev Disord, 33(2):141-50.

F Hastings RP, Johnson E. (2001). Stress in UK families conducting intensive home-based
behavioral intervention for their young child with autism. J Autism Dev Disord, 31(3):327-36.

F Hastings RP, Symes MD. (2002). Early intensive behavioral intervention for children with
autism: parental therapeutic self-efficacy. Res Dev Disabil, 23(5):332-41.

C Hellings JA, Zarcone JR, Crandall K et al. (2001). Weight gain in a controlled study of
risperidone in children, adolescents and adults with mental retardation and autism.
J Child Adolesc Psychopharmacol, 11(3):229-38.

A Hilton JC, Seal BC. (2007). Brief report: comparative ABA and DIR trials in twin brothers
with autism. J Autism Dev Disord, 37(6):1197-201.

A Hingtgen JN, Coulter SK, Churchill DW. (1967). Intensive reinforcement of imitative behavior
in mute autistic children. Arch Gen Psychiatry, 17(1):36-43.

F Johnson CR, Handen BL, Butter E et al. (2007). Development of a parent training program

for children with pervasive developmental disorders. Behav Interv, 22(3):201-21.
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Table A2. Excluded Studies (does not include reviews or studies of instruments to measure outcomes) (cont’'d)

Reason for

Exclusion Citation

A B Jones EA, Feeley KM, Takacs J. (2007). Teaching spontaneous responses to young children
with autism. J Appl Behav Anal, 40(3):565-70.

A, B, C Kern L, Bailin D, Mauk JE. (2003). Effects of a topical anesthetic on non-socially maintained
self-injurious behavior. Dev Med Child Neurol, 45(11):769-71.

C Koegel LK, Koegel RL, Shoshan Y et al. (1999). Pivotal response intervention Il: Preliminary
long-term outcomes data. J Assoc Persons Severe Handicaps, 24:186-98.

C Koita H, Sonoyama S, Takeuchi K. (2003). Communication training with the picture exchange
communication system (PECS) for children with autistic disorder: the training program and
current and future research. Jpn J Behav Anal, 18(2):120-130.

A, B, E Kroeger KA, Nelson WM 3rd. (2006). A language programme to increase the verbal production of
a child dually diagnosed with Down syndrome and autism. J Intellect Disabil Res, 50(Pt 2):101-8.

C Luby J, Mrakotsky C, Stalets MM et al. (2006). Risperidone in preschool children with autistic
spectrum disorders: an investigation of safety and efficacy. J Child Adolesc Psychopharmacol,
16(5):575-87.

A B, CE Luiselli JK, Ricciardi JN, Schmidt S et al. (2004). Brief functional analysis and intervention
evaluation for treatment of saliva-play. Child Fam Behav Ther, 26(3):53-61.

A C Luiselli JK, Wolongevicz J, Egan P et al. (1999). The Family Support Program: Description of
a preventive, community-based behavioral intervention for children with pervasive
developmental disorders. Child Fam Behav Ther, 21(1):1-18.

A Lynch S. (1998). Intensive behavioural intervention with a 7-year-old girl with autism.

Autism, 2(2):181-97.

A C Marr D, Mika H, Miraglia J et al. (2007). The effect of sensory stories on targeted behaviors
in preschool children with autism. Phys Occup Ther Pediatr, 27(1):63-79.

A F Maurice C, Mannion K, Letso S et al. (2001). Parent voices: Difficulty in accessing behavioral
intervention for autism; working toward solutions. Behav Interv, 16(3):147-65.

A C Moore JW, Fisher WW, Pennington A. (2004). Systematic application and removal of
protective equipment in the assessment of multiple topographies of self-injury.

J Appl Behav Anal, 37(1):73-7.

A C Newman DW, Summerhill L, Mosley E et al. (2003). Working with an adult male with
Down’s syndrome, autism and challenging behaviour: Evaluation of a programme of staff
support and organizational change. Br J Learn Disabil, 31(2):85-90.

A C O'Reilly M, Edrisinha C, Sigafoos J et al. (2007). Manipulating the evocative and abative
effects of an establishing operation: Influences on challenging behavior during classroom
instruction. Behav Interv, 22(2):137-45.

C E Ozonoff S, Cathcart K. (1998). Effectiveness of a home program intervention for young
children with autism. J Autism Dev Disord, 28(1):25-32.

A Perry R, Cohen |, DeCarlo R. (1995). Case study: Deterioration, autism, and recovery in two
siblings. J Am Acad Child Adolesc Psychiatry, 34(2):232-7.

C Reed P, Osborne LA, Corness M. (2007). Brief report: Relative effectiveness of different home-
based behavioral approaches to early teaching intervention. J Autism Dev Disord, 37(9):1815-21.

A C Roane HS, Fisher WW, McDonough EM. (2003). Progressing from programmatic to discovery

research: A case example with the overjustification effect. J Appl Behav Anal, 36(1):35-46.
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Exclusion Citation

F Schwichtenberg A, Poehlmann J. (2007). Applied behaviour analysis: Does intervention intensity
relate to family stressors and maternal well-being? J Intellectual Disabil Res, 51(8):598-605.

F Sheinkopf SJ, Siegel B. (1998). Home-based behavioral treatment of young children with autism.
J Autism Dev Disord, 28(1):15-23.

A, C Sigafoos J, Saggers E. (1995). A discrete-trial approach to the functional analysis of aggressive
behaviour in two boys with autism. Austr NZ J Dev Disabil, 20(4):287-97.

A Smith T, Buch GA, Gamby TE. (2000). Parent-directed, intensive early intervention for children
with pervasive developmental disorder. Res Dev Disabil, 21(4):297-309.

B, C Sofronoff K, Attwood T, Hinton S. (2005). A randomised controlled trial of a CBT intervention
for anxiety in children with Asperger syndrome. J Child Psychol Psychiatry, 46(11):1152-60.

A, B, C Stiegler LN. (2007). Discovering communicative competencies in a nonspeaking child with
autism. Lang Speech Hear Serv Sch, 38(4):400-13.

C Summers JA, Houlding CM, Reitzel JAM. (2004). Behavior management services for children
with autism/PDD: program description and patterns of referral. Focus Autism Oth Dev Disabil,
19(2):95-101.

F Trudgeon C, Carr D. (2007). The impacts of home-based early behavioural intervention
programmes on families of children with autism. J Appl Res Intellect Disabil, 20(4):285-296.

D Venter A, Lord C, Schopler E. (1992). A follow-up study of high-functioning autistic children.

J Child Psychol Psychiat, 33:489-507.

C Vorgraft Y, Farbstein |, Spiegel R et al. (2007). Retrospective evaluation of an intensive method
of treatment for children with pervasive developmental disorder. Autism, 11(5):413-24.

A C Wachtel LE, Hagopian LP. (2006). Psychopharmacology and applied behavioral analysis:
tandem treatment of severe problem behaviors in intellectual disability and a case series.

Isr J Psychiatry Relat Sci, 43(4):265-74.

E Webster A, Feiler A, Webster V. (2003). Early intensive family intervention and evidence of
effectiveness: lessons from the South West Autism Programme. Early Child Dev Care,
173(4):383-398.

D Weiss MJ. (1999). Differential rates of skill acquisition and outcomes of early intensive
behavioral intervention for autism. Behav Interv, 14:3-22.

Key

A Sample size <10

B Intervention focused on only one or a few domains

C Intervention not EIBI based on ABA or included mix of models

D Study did not address one of the study questions (e.g., single-arm studies that did not address Q2 or Q3)

E Intervention not intensive, i.e., <20 hours/week on average

F  Study did not directly measure child outcomes
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