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HIGHLIGHTS

* TEACCH had small effects on perceptual, motor, verbal, and cognitive skills.

« Effects on communication, ADL, and motor functioning were negligible or small.

* Gains in social and maladaptive behavior were larger but need further replication.
* Our analysis should be considered exploratory owing to the limited data available.
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state-of-the-art meta-analytical procedures to examine the pooled clinical effects of TEACCH in a variety of
outcomes. A total of 13 studies were selected for meta-analysis totaling 172 individuals with autism exposed
to TEACCH. Standardized measures of perceptual, motor, adaptive, verbal and cognitive skills were identified
as treatment outcomes. We used inverse-variance weighted random effects meta-analysis supplemented with

{Fggvcvngds‘ quality assessment, sensitivity analysis, meta-regression, and heterogeneity and publication bias tests. The
Meta-analysis results suggested that TEACCH effects on perceptual, motor, verbal and cognitive skills were of small magnitude
Outcome research in the meta-analyzed studies. Effects over adaptive behavioral repertoires including communication, activities of
Autism daily living, and motor functioning were within the negligible to small range. There were moderate to large gains
in social behavior and maladaptive behavior. The effects of the TEACCH program were not moderated by aspects
of the intervention such as duration (total weeks), intensity (hours per week), and setting (home-based vs.
center-based). While the present meta-analysis provided limited support for the TEACCH program as a compre-
hensive intervention, our results should be considered exploratory owing to the limited pool of studies available.
© 2013 The authors. Published by Elsevier Ltd. Open access under CCRY.NCND license
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1. Introduction are reportedly essential in this connection: (a) organization of the

Autism spectrum disorders (ASD) are pervasive developmental
disabilities that affect 1 to 2.5% of children in the general population
(Baio & Baio, 2012; Kim et al.,, 2011). Various approaches to treatment
attempt to palliate the symptoms of autism and to establish more typi-
cal academic, daily living, social, and verbal repertoires. Over the last
decades a myriad of psychosocial and educational interventions have
been developed. For instance, the National Institutes of Health and
Autism Speaks®, the largest funders of autism research, have provided
support to Treatment and Education of Autistic and Related Com-
munication Handicapped Children (TEACCH), animal-assisted therapy,
floortime, sensory integration therapy, Early Start Denver Model, Picture
Exchange Communication System, Relationship Development Interven-
tion, parent-training models, and applied behavior analysis, to mention
only a few approaches to treatment (Autism Speaks, 2012; National
Institutes of Health, 2011). These interventions vary in their con-
ceptual basis, procedures, targeted repertoires and skills, and in the
quality, magnitude and relevance of the empirical evidence they have
accrued over the years.

Among these various approaches, only a few have generated a suffi-
cient number of clinical trials to allow for meta-analyses and systematic
reviews. For instance, four meta-analyses have been published on
interventions based on applied behavior analysis (Eldevik et al.,
2009; Reichow, 2011; Reichow & Wolery, 2009; Virués-Ortega,
2010), while systematic reviews are available for Picture Exchange
Communication System (Fillipin, Reska, & Watson, 2010; Preston
& Carter, 2009; Tien, 2008) and sensory integration therapy (Sinha,
Silove, Williams, & Hayen, 2004).

An intervention paradigm that has generated significant empirical
research and service demand is the TEACCH program (Mesibov & Shea,
2010). A multi-national survey completed by parents of children with
autism indicated that over 30% of families currently use or had used
the TEACCH program (Green et al., 2006). Similarly, an epidemiological
survey conducted in Finland indicated that over 40% of children with
autism were receiving services based on TEACCH (Kielinen, Linna, &
Moilanen, 2002). In addition, TEACCH is used frequently as a specialized
education service in schools (Hess, Morrier, Heflin, & Ivey, 2008).

The TEACCH program (a) emphasizes a close working relationship
between parents and practitioners, (b) adapts the intervention to the
particular characteristics of the individual client, and (c) makes use of
structured teaching experiences (Van Bourgondien & Schopler, 1996).
In a typical TEACCH intervention, the individuals' abilities are assessed
through standardized tests (e.g., Psychoeducational Profile). The results
of the assessment will provide the basis for the development of a cur-
riculum that will be consistent with the individual needs of the client
(Mesibov, 1997). The TEACCH specialist would use structured teaching
procedures to facilitate the acquisition of the learning goals composing
the individual's curriculum. The structured teaching component requires
the individual's environment and activities to be organized in ways
that would optimize learning and avoid frustration. Three factors

physical environment in a way that is consistent with the needs of
the child (e.g., minimizing possible distractions), (b) arrangement
of activities in a predictable fashion (e.g., use of visual schedules
of daily routines), and (c) organization of the materials and tasks
to promote independence from adult directions/prompts (e.g., use
visual materials if the student is more able to benefit from them).
The studies that have been conducted on TEACCH vary in the
set of TEACCH components utilized, the intensity and duration of
the intervention, the participants' characteristics (age, diagnosis,
pre-intervention functioning), the assessment methods used, and the
study design (pre-post, between-group) (e.g., Eikeseth, 2009; Ospina
et al,, 2008; Simpson et al., 2005). Such variability precludes a straight-
forward appreciation of treatment effectiveness. Although syntheses
do exist in the literature, they do not meet the standards of a systematic
review or a meta-analysis (e.g., Probst, Jung, Micheel, & Glen, 2010;
Simpson et al., 2005) and they do not use standard methods to extract
and combine data (Moher, Liberati, Tetzlaff, & Altman, 2009). This sce-
nario further increases the complexity of appraising the magnitude and
quality of the empirical evidence associated with the TEACCH program.
A more clear appreciation of the evidence in support of the TEACCH
program could be achieved by way of meta-analysis. Only recently, a suf-
ficient number of studies have been published following a relatively con-
sistent methodology to allow for a meta-analysis with sufficient power.
The TEACCH program is among the few nonpharmacological approaches
to meet this threshold (see another exception in Virués-Ortega, 2010).
Meta-analysis methodology based on randomized controlled trials
and standardized assessments has been recognized as a valuable albeit
limited approach for program evaluation. For example, Kazdin (2008)
expanded appraisal of evidence-based practices includes mechanisms
of change, moderators of change, and qualitative research, which cannot
be fully explored with meta-analysis or other traditional approaches to
clinical research (see also Mesibov & Shea, 2010). However, several of
the guiding principles of the TEACCH program emphasize particular tar-
gets that are potentially accountable through standardized assessment
and therefore by traditional methods of clinical research. Particularly,
as part of the principles of improved adaptation, structured teaching,
and skill enhancement, TEACCH targets key skills in activities of daily
living, communication, language, social skills, executive functioning,
attention, and engagement (Schopler, 2005). Skill acquisition across all
these domains is expected to have a comprehensive effect of the
individual's intellectual functioning, which could in turn be assessed
through measures of developmental age and intellectual functioning.
Also, improved adaptation, by way of skill acquisition and environmental
accommodation, is expected to reduce problem behavior. The TEACCH
program is defined as an approach that supports the “individual's ability
to learn, comprehend, and apply learning across situations” (Mesibov,
Shea, & Schopler, 2005, p. 216). Therefore, transversal skills expanding
independent learning and generalization are a critical outcome of the
program. Skills within this broad category may include imitation, as
well as verbal and social skills. Finally, TEACCH takes advantage of the
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individual's relative strength in visual processing by adapting the
physical environment and using visual structures for organizing
space and activities. These adaptations may have a favorable impact
on the individual's performance in perceptual tasks and in activities re-
quiring visual and motor coordination.

The purpose of the present study was to provide a preliminary and
comprehensive summary of the evidence in support of the TEACCH
program using current meta-analytical methods. The specific purposes
of this study were: (a) to conduct a meta-analysis of studies evaluating
the TEACCH program effect over a variety of standardized outcomes in-
cluding perceptual and motor skills, activities of daily living, behavioral
adaptive skills, cognition, and language, and (b) to identify specific char-
acteristics of the sample, the intervention and the study methodology
that could be reliably associated with increased intervention effective-
ness. This information may be valuable to clinicians and administrators
for the purposes of treatment planning and resource allocation.

2. Methods
2.1. Literature search and study selection

The intervention studies analyzed in the present meta-analysis were
selected from unrestricted searches conducted in MEDLINE (PubMed
search engine), PsycINFO (ProQuest search engine), and the Cochrane
Central Register of Controlled Trials (Cochrane Library, 2012) using
“TEACCH” or “Treatment and Education for Children,” as search terms
(search date: December 1, 2012). Related search terms (e.g., structured
teaching, structured instruction, structured training) that did not result
in increased sensitivity to studies appropriate for meta-analysis were
not included in our final search strategy. More details on the search strat-
egy are available in the online supplementary material (Appendix A).
The search was not restricted by language or time of publication. Refer-
ences were screened based on the following set of inclusion/exclusion
criteria: (a) published/in press peer-reviewed or non-peer reviewed
journal article reporting an empirical intervention (unpublished studies,
dissertations, books, editorials, reviews, case reports, and essays were ex-
cluded), (b) the study reports a TEACCH intervention trial for individuals
with ASD, and (¢) the intervention group of the study is composed of five
individuals or more. Criterion (a) was screened on the basis of the title
and abstract of the study. All other criteria were screened after examin-
ing the full report of the study. During the screening of references we
consulted with specialized translators regarding studies published
in languages other than English, Spanish, Portuguese, and French
(spoken by the authors). Among the studies potentially appropriate
for meta-analysis, we excluded those that failed to report pre- and post-
test mean and variability estimates after one attempt was made to con-
tact the authors. Studies reporting outcomes that were not present in at
least two other studies were used to compute mean effect sizes of the
intervention across all studies, but isolated outcomes were not reported
individually. Two judges with graduate training on outcome research
screened references independently. The overall percentage of agreement
on the exclusion/inclusion status of references screened was 95%.
Disagreements were settled by consensus. The current study is in
compliance with the Meta-Analysis Reporting Standards (MARS;
American Psychological Association, 2009, pp. 251-252) and the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses
guidelines (PRISMA guidelines; Moher et al., 2009).

2.2. Data extraction

We retrieved the following information from the studies included in
the meta-analysis: participant information (mean pre-intervention age,
mean pre-intervention developmental/mental age, percentage of male
participants), aspects of the intervention (intensity in weekly hours,
duration in weeks, intervention setting), methodological features of the
study (study design, sample size, assessment instruments, characteristics

of the control group), and the information required to compute effect
sizes (pre- and post-test means and variability estimates of all relevant
outcomes).

Methodological quality of each of the studies selected for meta-
analysis was assessed by means of an adapted version of the Downs
and Black checklist of methodological quality of randomized and non-
randomized studies of health care interventions (Downs & Black,
1998, see online supplementary material, Appendix B). Two individuals
with graduate training in outcome research methodology screened the
studies independently. Disagreements were settled by consensus. Items
on randomization (items 23, 24) were considered non-applicable for
pre—post studies.

2.3. Statistical analysis

We used effect sizes as standardized outcomes of the effect of
TEACCH on specific dependent variables. We incorporated studies
with metrics derived from between-group and pre-post designs. Effect
sizes of between-group studies were computed as the difference in out-
come change overtime (post- minus pre-test mean scores) between the
intervention and control groups, divided by the pre-test standard devi-
ation pooled across intervention and control groups. Intervention group
was composed of all individuals in the study undergoing TEACCH, while
individuals in the control group were those not receiving TEACCH. Effect
sizes of interventions reported as pre-post studies were obtained by
dividing the mean difference between post- and pre-test measures by
the pre-test standard deviation. For the purposes of interpreting our
results we considered effect sizes below 0.44 as small. Moderate effects
ranged from 0.45 to 0.79. Finally, effect sizes above 0.80 were consid-
ered large effects (Cohen, 1988).

The combination of studies with different metrics (pre-post
and between-group studies) in the present meta-analysis, rests on
the assumption that changes at post-test are the result of treatment.
According to this assumption the effect sizes from pre-post studies
could be interpreted as the effect of the intervention on the dependent
variable established in standard deviation units of the dependent vari-
able before the intervention (Morris & DeShon, 2002). The small num-
ber of pre-post studies found, relative to the between-group studies,
allowed us to conduct sensitivity analyses for most outcome measures
by restricting the meta-analysis to between-group studies. Sensitivity
analyses allowed us to test the consistency of the meta-analysis across
study metrics (e.g., Chootrakool, Shi, & Yue, 2011). Although only two
pre-post studies implemented interventions of over 12 months in
duration (Persson, 2000; Siaperas, Higgins, & Proios, 2007), we conducted
sensitivity analyses to account for the potential bias induced by pre-post
designs, which are insensitive to developmental or other time-dependent
factors.

In order to obtain effect sizes we retrieved the mean and standard
deviations directly from the research reports or through fully reported
datasets of all individuals exposed to the intervention. We computed
measure-specific effect size variances corrected for small-sample bias
(Becker, 1988; Morris, 2008). Pretest-posttest correlations are neces-
sary to compute effect size variances. We requested the authors of
all the studies selected for meta-analysis to provide us with their origi-
nal datasets in order to compute pretest-posttest correlations. Usable
datasets were provided for Panerai, Ferrante, and Zingale (2002) and
Panerai et al. (2009), which was sufficient to obtain pooled pretest-
posttest correlations of all outcomes (Morris & DeShon, 2002). The pooled
value for a given outcome was used to obtain the variance of all effect
sizes of studies reporting that outcome.

We calculated pooled effect sizes and 95% confidence intervals for
all dependent variables by means of inverse-variance weighted random
effects meta-analysis (Cottrell, Drew, Gibson, Holroyd, & O'Donnell,
2007). The random effects model was selected on the basis of the
relatively variable sample age, design, and treatment duration found
in this literature (Table 1).
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Table 1
Characteristics of the studies included in the meta-analysis of treatment outcomes of the TEACCH program.
Study Country  Participants Methods Intervention
Diagnosis Male Meanage Pre-test Sample Assessment Quality ~ Setting® Intensity ~ Duration
(%) (years) mental age size methods index (h/week) (weeks)
Aoyama (1995) Japan Autism & ID 100  School age 41 (IQ) 5 BO 44 Center - 1
Braiden et al. (2012)° Ireland Autism 94 32 _ 18 PEP-3 50 Home-parent 4.5 10
McConkey et al. (2010)¢ Ireland Autism 90 28 20.1 35/26  PEP-R; VABS; 70 Home 15 10
GARS
Ozonoff and Cathcart (1998) us Autism 82 44 214 11/11 PEP-R 60 Home-parent 1.0 4
Panerai et al. (2002)¢ Italy Autism & ID 100 9.1 17.9 13/10  PEP-R; VABS 73 Center 30.0 12
Panerai et al. (2009)¢ Italy Autism & ID 100 8.7 23.7 11/10  PEP-R; VABS 63 School, - 36
home-parent
Panerai et al. (2009)° Italy Autism & ID 100 9.7 20.6 8/8 PEP-R; VABS 63 Center 12.5 36
Persson (2000) Sweden  Autism & ID 100 323 - 7 AA-PEP 53 Group home - 30
Probst and Leppert (2008) Germany Autism 70 10.0 - 10 CCBSS 50 School - 9
Siaperas and Beadle-Brown (2006) Greece Autism 67 213 - 10 BO 63 Center - 6
Siaperas et al. (2007) Greece Autism 70 213 - 10 BO 63 Center - 18
Tsang et al. (2007) China Autism & PDDNOS 94 46 - 18/16  C-PEP; 73 Center 35.0 12
HK-VABS;
M-P-R
Van Bourgondien et al. (2003)" us Autism & ID 100 237 28.1 6 ERS 47 Center - 52
Welterlin et al. (2012) us Autism 90 25 57.1 10/10  MSEL,SIB-R 77 Home-parent _ 14

Notes. Sample size reported as total subjects for pre-post designs, or number of subjects in intervention/control groups for between-group studies. Quality computed as percent of total
score of Downs and Black (1998) quality checklist. AA-PEP = Adolescent and Adult Psychoeducational Profile; BO = behavioral observation; CCBSS = Classroom Child Behavioral
Symptom Scale; C-PEP = Chinese Psychoeducational Profile; ERS = Environmental Rating Scale; GARS = Gilliam Autism Rating Scale; HK-VABS = Hong Kong Based VABS; ID =
comorbid intellectual disability; M-P-R = Merrill-Palmer—Revised; MSEL = Mullen Scales of Early Learning; PDD NOS = pervasive developmental disability not otherwise specified;
PEP-R = Psychoeducational Profile Revised; SIB-R = Scales of Independent Behavior—Revised; VABS = Vineland Adaptive Behavior Scales.

2 Home: delivered at home by specialized staff with parental support; home-parent: delivered at home by trained parents.

b Intensity computed as weekly hours of training that parents received.

c

4 Intensity according to S. Panerai, personal communication, December 17, 2011.

e
f

Due to the limited number of studies, and the marginal effect of age
on treatment outcomes (according to preliminary sensitivity analysis)
we obtained pooled effects across all ages. Analyses by common age
groupings strengthen the potential practicality of meta-analysis find-
ings owing to the diversity of needs of individuals with developmental
disabilities across the life span. Therefore, we supplemented the omni-
bus analysis with a thorough sensitivity analysis of all outcomes across
three age groups (5 years or less, 6 to 17 years, and 18 years or older).
Studies were assigned to each age group on the basis of participants'
average age. This analysis provided a detailed account of the potential
variations of treatment effects across common age groups.

We computed the J? statistic expressed as a percentage to inform
the variation of outcomes across studies independent of the number of
studies. I? can be interpreted as the extent to which outcome variability
is inconsistent across studies, whether as the result of chance or true
differences (heterogeneity) (Higgins & Thompson, 2002). I values
below 25% suggest a low level of heterogeneity, while values above
75% would suggest high levels of heterogeneity (Huedo-Medina,
Sanchez-Meca, Marin-Martinez, & Botella, 2006).

We conducted a random effects meta-regression of all outcomes
using the following continuous moderators: gender (percentage
of male participants), developmental/mental age as established
by a valid standardized assessment, intervention intensity (weekly
hours), intervention duration (total weeks), and study quality (0-100
quality index; Downs & Black, 1998). We also tested intervention
setting (home-based vs. center-based) as a categorical moderator. For
the purposes of the meta-regression, interventions delivered partially
or totally at a school, center, residence, or group home were considered
center-based (e.g., the group reported by Panerai et al. (2009), receiving
parental training and school support was classified as home-based). In-
terventions delivered exclusively in a home-setting delivered either by
trained parents (e.g., Braiden, McDaniel, McCrudden, Hanes, & Crozier,
2012) or trained professionals (McConkey et al., 2010) were considered
home-based. Meta-regression analyses were accompanied by additional
sensitivity analyses, which were conducted by restricting random effect

VABS outcomes reported in both control and experimental groups; PEP-R outcomes reported only in the experimental group (n = 32).

This study was analyzed as two separate between-group studies with different treatment settings (school plus home vs. center-based).
This study was analyzed as a within-subjects trial (pre-test estimates of the control groups were not reported).

meta-analysis to two levels of the predictor (for continuous variables we
used the median value of the predictor as the cut-off point). For instance,
we conducted two meta-analyses of cognitive functioning restricted to
interventions of less than three months in duration (median interven-
tion duration). Subsequently, we replicated the analysis with interven-
tions of more than three months in duration. Meta-regression would
indicate whether the continuous predictor was statistically significant.
Publication bias and statistical outliers (small-study effects) were moni-
tored by means of the Egger's test (Egger, Smith, Schneider, & Minder,
1997; Thompson & Sharp, 1999).

In order to avoid an excessive loss of information due to the selection
of specific outcomes within a study, we computed an overall mean
effect size per study based on all psychologically and behaviorally rele-
vant measures included in each study. Outcomes not directly assessing
the participants' psychological or behavioral functioning were excluded
(e.g., parental stress). The sign of effect sizes was reversed if a negative
effect denoted a favorable outcome (e.g., problem behavior). We then
conducted unweighted and weighted random effects meta-analyses
of the mean effect sizes across all studies and outcomes (Shadish &
Haddock, 2009). For this analysis we computed a mean effect size for
each study appropriate for meta-analysis. The mean effect size incorpo-
rated all the outcomes, isolated or otherwise, reported in each study.

According to a preliminary review of study abstracts, we expected
to identify approximately five studies per outcome meeting inclusion
criteria with a typical sample size of about 30 participants (15 partici-
pants in each intervention arm). Based on this preliminary information
and the methods proposed by Hedges and Pigott (2001), we conducted
a prospective power analysis of our random-effects meta-analysis
under different plausible values for the underlying mean effect size and
the between-study heterogeneity. The power to detect as statistically
significant a moderate mean effect size of 0.50 was 0.98 for a small het-
erogeneity of I> = 25%, 0.90 for a moderate heterogeneity of I> = 50%,
and 0.63 for a large heterogeneity of > = 75%. Similarly, the power to
detect a small mean effect size of 0.30 was 0.69 for a small heterogeneity
of P = 25%, 0.52 for a moderate heterogeneity of > = 50%, and 0.29 for
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a large heterogeneity of > = 75%. Thus, combining five studies with a
typical sample size of 30, we anticipated reasonable power for a moderate
effect size with any amount of heterogeneity and for a small effect size
with small heterogeneity, but little power for a small effect size with
moderate or large heterogeneity (see full report of the power analysis in
the online supplementary material, Appendix C). A p value of 0.05 was
used throughout as a threshold for statistical significance. All statistical
analyses were conducted with Stata v. 11 (Stata Corporation, College
Station, Texas).

3. Results
3.1. Study characteristics

From the 220 distinct studies originally identified through our search
strategy, 97 were not peer-reviewed empirical studies. An additional 103
studies were excluded due to not reporting a TEACCH intervention trial,
or having an intervention group composed of less than five individuals.
Of the remaining 22 trials potentially appropriate for meta-analysis,
eight did not provide sufficient data to compute effect sizes (Deprez,
2004; Keel, Mesibov, & Woods, 1997; Ono, 1994; Panerai, Ferrante, &
Caputo, 1997; Rda, 2004; Schopler, Mesibov, & Baker, 1982; Schultheis,
Boswell, & Decker, 2000; Short, 1984), and one was an earlier version
of a study that was included in the meta-analysis (Leppert & Probst,
2005). Thirteen studies were included in the meta-analysis (between-
group studies: Braiden et al., 2012; Persson, 2000; Probst & Leppert,
2008; Siaperas & Beadle-Brown, 2006; Siaperas et al, 2007; Van
Bourgondien, Reichle, & Schopler, 2003; pre-post studies: Aoyama,
1995; McConkey et al., 2010; Ozonoff & Cathcart, 1998; Panerai et al,,
2002, 2009; Tsang, Shek, Lam, Tang, & Cheung, 2007; Welterlin, Turner-

Total distinct references (n = 220)
PsycInfo: 208
Medline: 12
Cochrane: 0
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Brown, Harris, Mesibov, & Delmolino, 2012). The study by Panerai
et al. (2009) was analyzed as two separate between-group studies
with different treatment settings (home vs. center). Van Bourgondien
etal. (2003) was included as a pre-post study because the pre-test mea-
surements of the control groups were not available. Fig. 1 summarizes
the search and selection processes.

None of the individuals in the control groups received TEACCH for
the duration of each of the studies. Control groups attended mainstream
schools with special education support (Panerai et al., 2002, 2009),
or without it (Tsang et al., 2007), received some form of specialized
eclectic treatment for autism (Ozonoff & Cathcart, 1998), or underwent
some form of specialized treatment including physical or speech therapy
(McConkey et al., 2010; Panerai et al., 2002, 2009; Tsang et al., 2007).
The control group reported by McConkey et al. (2010) received a placebo
intervention consisting of home visits (unstructured presentation of toys
and instructions).

The specific outcomes that were part of the meta-analysis were (num-
ber of studies in parenthesis): activities of daily living (ADL) (6), cognitive
functioning (5), communication skills (5), developmental/mental age
(5), language/verbal skills (9), eye-hand coordination (6), motor func-
tioning (4), fine motor skills (6), gross motor skills (6), imitation (6), so-
cial repertoire (7), perception (6), maladaptive behavior (4), PEP-R total
(6), and VABS adaptation composite (4). In addition, 31 additional
isolated outcomes reported only in one or two studies, were includ-
ed in the mean effect size meta-analysis. Aoyama (1995) and Van
Bourgondien et al. (2003) reported only isolated outcomes that were
not matched by the outcomes reported in any of the studies included
in the meta-analysis. In addition, five studies reported both isolated out-
comes and outcomes that were present in at least two other studies
(McConkey et al., 2010; Persson, 2000; Siaperas & Beadle-Brown, 2006;

A 4

v

| Retrieved for detailed evaluation (n = 123) |
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Number of trials by outcome
Activities of daily living: 6
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Language/verbal skills: 9
Eye-hand coordination: 6
Motor functioning: 4
Fine motor skills: 6
Gross motor skills: 6
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Perception: 6
Maladaptive behavior: 4
PEP-R total: 6
VABS adaptation composite: 4
Unmatched/isolated outcomes: 8

References excluded (n = 7)
Insufficient data to compute effect sizes

Fig. 1. Search and selection of references. ASD = autism spectrum disorders; PEP-R = Psychoeducational Profile—Revised; VABS = Vineland Adaptive Behavioral Scales.
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Siaperas et al.,, 2007; Tsang et al., 2007; Welterlin et al., 2012; see a com-
plete listing of isolated outcomes in the online supplementary material,
Appendix D). The outcomes included in the meta-analysis allow for an
ample evaluation of the perceptual, motor, social, and cognitive effects
of TEACCH as discussed in the Introduction section.

The standardized assessments included the Vineland Adaptive
Behavior Scale (VABS, Sparrow, Cicchetti, & Balla, 2005) for the outcomes:
activities of daily living, motor functioning, social repertoire, maladaptive
behavior, and VABS summary index. The Psychoeducational Profile scales
(AA-PEP, Mesibov, Schopler, Schaffer, & Landrus, 1988; PEP-R, Schopler,
1990; PEP3, Fu, Chen, Tseng, Chiang, & Hsieh, 2012) informed perception,
cognitive functioning, communication skills, language skills, eye-hand co-
ordination, fine motor skills, gross motor skills, imitation, developmental
age, and PEP summary index. In addition, developmental age was
estimated by the mental age of the Merrill-Palmer—Revised Scales
of Development (M-P-R; Roid & Sampers, 2004) and the developmental
quotient of the Mullen Scales of Early Learning (MSEL; Mullen,
1995). Problem behavior was also assessed through the Classroom
Child Behavioral Symptom Scale (CCBSS; Probst & Leppert, 2008) and
through direct behavioral observation. The assessment methods used
in each study are indicated in Table 1. Appendix D (online supplemen-
tary material) presents further details about the assessment methods
used in studies with isolated outcomes.

The VABS is a measure of personal and social skills for individuals
of all ages. It is frequently used with individuals with intellectual dis-
ability and ASD. The test examines four major domains: communication
(receptive, expressive, written); daily living skills (personal, domestic,
community); socialization (interpersonal relationships, play and leisure
time, coping skills); and motor skills. The VABS includes an optional
index of maladaptive behavior. On the other hand, the PEP-R is an
inventory of behaviors and skills designed to identify idiosyncratic
learning patterns among children with ASD. It is designed primarily for
planning individualized intervention and curricula. It provides informa-
tion on developmental functioning in imitation, perception, fine motor,
gross motor, eye-hand coordination, cognitive performance, and cogni-
tive verbal areas. The PEP-R assesses children aged six months to seven
years functioning at or below the preschool range. It can also be used
for children of up to twelve years if they are still functioning at preschool
levels. Persson (2000) used a variation of PEP for adolescents and adults.
Both VABS and PEP-R have well-established reliability and validity (Fu
et al., 2012; Perry & Factor, 1989; Villa et al,, 2010). The PEP assessments
include items on a range of behavioral repertoires that are highly rele-
vant to the core features of autism (imitation, social behavior, motor
functioning, communication, and language), but it is not considered
a measurement of the core symptoms of ASD and tends to be used
more often within TEACCH circles. We refer the reader to the original
psychometric literature on these assessment tools for a detailed opera-
tional definition of the constructs used as outcomes.

The average methodological quality index across studies (Downs &
Black, 1998) was 60% (range 44-77). Results by methodological quality
domains indicated that major concerns had to do with external validity
(46%, range 30-100), and statistical power (15%, range 0-60), while
reporting and internal validity, both in terms of bias and confusion,
obtained average quality indices above 65%. None of the studies selected
for meta-analysis concealed intervention assignment from staff (item
24), and only one reported treatment fidelity measures (item 19)
(Welterlin et al.,, 2012). However, the individuals delivering the inter-
vention were in most cases trained by the original TEACCH center in
North Carolina (Braiden et al., 2012; McConkey et al., 2010; Ozonoff &
Cathcart, 1998; Persson, 2000; Probst & Leppert, 2008; Tsang et al.,
2007; Van Bourgondien et al.,, 2003; Welterlin et al., 2012) or were
trained indirectly through individuals trained by the original developers
(Panerai et al., 2002, 2009; Siaperas & Beadle-Brown, 2006; Siaperas
et al, 2007) (correspondence with Dr. Panerai, Dr. Siaperas, Dr.
McConkey, and Dr. Tsang is available upon request). Only two studies
concealed intervention assignment from the individuals measuring the

intervention outcomes (item 15) (Panerai et al., 2002; Welterlin et al.,
2012). Three studies made an effort to report potential adverse events
associated with the intervention (item 8) (McConkey et al., 2010;
Panerai et al., 2002; Welterlin et al., 2012). Two studies used randomiza-
tion (item 23) and intention to treat analysis (item 25) (Panerai et al.,
2002; Tsang et al.,, 2007). Finally, only three of the studies provided suf-
ficient information on the recruitment process to inform the representa-
tiveness of their study samples (items 11, 12) (Siaperas & Beadle-Brown,
2006; Siaperas et al., 2007; Tsang et al.,, 2007). The quality assessment is
fully reported in the online supplementary material (Appendix B). While
the quality of the studies selected was suboptimal, quality levels were, on
average, superior to those of other intervention studies in ASD (see for
instance Virués-Ortega, 2010).

The pooled sample of individuals receiving TEACCH across studies
was 172. Two studies included partially overlapping samples but the out-
comes reported in these studies did not overlap (Siaperas & Beadle-
Brown, 2006; Siaperas et al., 2007). During the meta-analysis and
meta-regression of mean effect sizes by study, the two studies with par-
tially overlapping samples were combined into a single mean effect size.
Therefore, the same individuals were never included more than once
in a single meta-analysis (correspondence with the original authors
is available upon request). Five studies evaluated the intervention effects
among young children (average age range: 2.5 to 4.6), five studies
assessed school-age children (average age range: 8.7 to 10), and four
studies evaluated the intervention effects among young adults (average
agerange: 21.3 to 32.3). Asitis common in ASD literature, the majority of
participants were males (range of male participants: 67% to 100%). In six
studies the intervention was delivered through a center-based TEACCH
program (Panerai et al., 2002, 2009; Siaperas & Beadle-Brown, 2006;
Siaperas et al.,, 2007; Tsang et al.,, 2007; Van Bourgondien et al., 2003).
In three studies the intervention was delivered by trained parents
in their homes (Braiden et al., 2012; Ozonoff & Cathcart, 1998;
Welterlin et al., 2012). In two additional cases, parental intervention
was supplemented with either specialized staff working at home
(McConkey et al,, 2010) or with a support teacher at school (Panerai
etal, 2009). Probst and Leppert (2008) relied solely on trained teachers
at school. Persson (2000) relied on trained staff at a group home for
adults with autism. Finally, Aoyama (1995) used a short-duration
intervention in a room for pre-vocational and work-related activities.
The hours of intervention varied from 1.5 to 30 every week. However,
weekly hours of intervention were not always reported. Intervention
duration varied from 1 to 36 weeks. A systematic summary of the
characteristics of the selected studies is available in Table 1.

Fig. 2 presents the mean effect size meta-analysis of the TEACCH
program across all studies and outcomes, including the outcomes that
were included only in one or two studies (unmatched outcomes). The
pooled effect size across studies was 0.47 (95% confidence interval [CI]
0.30 to 0.70, p < .001). The effect was somewhat lower when the anal-
ysis was limited to the controlled studies (effect size [ES] = 0.38, 95%
Cl 0.12 to 0.65, p =.005). Heterogeneity was moderate (> = 64%).
The Egger's test provided no evidence of publication or small-study
bias (p > .1). According to the sensitivity analysis by age group, effects
among young children were small and non-significant (ES = 0.29),
while school-age children and adults demonstrated moderate (ES =
0.53) and large gains (ES =0.81), respectively (Table 3).

3.2. Perceptual and motor skills

Six studies incorporating a total of 93 individuals receiving TEACCH
reported the following perceptual and motor outcomes: eye-hand coor-
dination, fine and gross motor functioning, imitation, and perception.
These outcomes were assessed by means of the PEP-R or a variation
of this instrument. Five of these studies used between-group designs,
which included 61 participants receiving the intervention. Fig. 3 pre-
sents the forest plots for these outcomes.
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Mean ES
n 95% CI
Aoyama (1995) 5 0.91 (0.07, 1.74) +
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McConkey et al. (2010) 35/26  0.85(0.57, 1.13) [ ]
Ozonoff & Cathcart (1998)  11/11  0.22 (-0.10, 0.53) .
Panerai et al. (2002) 8/8 0.46 ( 0.08, 0.84) l
Panerai et al. (2009a)  13/10  0.62 (0.20, 1.03) -
Panerai et al. (2009b) 11710 0.48 ( 0.06, 0.90) -.—
Persson et al. (2000) 7 0.40 (-0.03, 0.82) -
Probst & Leppert (2008) 10 0.33 (-0.47, 1.13) ——r—
Siaperas & Beadle-Brown (2006) 12 0.68 (0.32, 1.04) r.
Siaperas et al. (2007) 10 1.22 (0.61, 1.83) ——
Tsang et al. (2007)  18/16  -0.04 (-0.35, 0.26)
Van Bourgoudien et al. (2003) 6 1.77 ( 0.58, 2.95) 1 ——
Welterlin et al. (2012)  10/10  0.06 (-0.42, 0.54)
Overall (unweighted) 0.59 (0.34, 0.84) 9
Overall (weighted) 0.47 (0.27, 0.67) #
T
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Fig. 2. Forest plots of mean effect sizes and 95% confidence intervals across all outcomes
and studies. Square size is proportional to the weight of each study in the pooled analysis.
The sample size (n) is indicated as the total number of subjects for pre-post studies and
number of subjects in the intervention/control groups for between-group studies. The
open diamond portrays the overall estimate of the unweighted meta-analysis. The solid
diamond portrays the overall estimate of the inverse-variance weighted random-effects
meta-analyses.

The pooled effect size across studies for eye-hand coordination was
0.26 (95% confidence interval [CI] —0.03 to 0.55, p = .084). The effect
did not change when the analysis was limited to the controlled studies
(ES = 0.23,95% CI —0.15 to 0.60, p > .1). Heterogeneity was moderate
(P = 74%). The Egger's test provided no evidence of publication or
small-study bias (p > .1).

Similarly, the effect size for fine motor functioning was 0.36 (95% CI
0.08 to 0.65, p = .012). A somewhat smaller effect was established in
the sensitivity analysis (ES = 0.23, 95% CI —0.06 to 0.40, p = .007).
Heterogeneity was high (I> = 85%). No evidence of publication bias
was established (p > .1).

The pooled effect size for gross motor function was 0.58 (95% CI 0.25
t00.91,p = .001) and 0.41 (95% C10.21 t0 0.61, p < .001) when limiting
the analysis to studies that included a control group. Heterogeneity
across studies was moderate (I> = 71%) and no publication bias
or small-study effects were established (p > .1).

The pooled effect size for imitation was 0.41 (95% CI 0.12 to 0.70,
p = .005) and 0.29 (95% C1 0.06 to 0.52, p = .015) according to the sen-
sitivity analysis. Heterogeneity across studies was acceptable (P = 65%)
and there was no evidence of publication bias (p = .192).

Perception showed a pooled effect size of 0.40 (95% CI 0.17 to 0.63,
p = 0.01). Results were comparable when meta-analysis was restricted

" Eye-hand
McConkey et al. (2010) 13/10 0.39 ( 0.20, 0.58) -
Ozonoff & Cathcart (1998) 11/10 0.18 (-0.22, 0.59)  —+
Panerai et al. (2002) 32 0.50 (-0.02, 1.01)
Panerai et al. (2009a) 11/11 0.30 (-0.11, 0.70) +—

Panerai et al. (2009b) 8/8  0.65 (0.18, 1.11)
Tsang et al. (2007) 18/16 -0.38 (-0.71,-0.04) —=|

0.26 (-0.03, 0.55) L d

1.01 (0.73, 1.30)
-0.06 (-0.31, 0.20)

0.20 (-0.11, 0.51)
0.48 ( 0.18, 0.77)
—— 0.31(0.03, 0.59)
0.26 ( 0.05, 0.48)

Overall 0.36 ( 0.08, 0.65)

-1 0 1 -1 0

Fine Motor

to the studies with a control group (ES = 0.30, 95% CI1 0.12 to 0.49,
p = .002). Heterogeneity was moderate (I> = 53%,). Egger's test
suggested the potential for publication bias or small-study effects
(p = .035).

The meta-regression of the outcomes within this domain using
setting, developmental age, study quality, intervention intensity and
duration as potential moderators was all non-significant with one
exception: higher developmental age was associated with more modest
gains in eye-hand coordination (coefficient ¢ = —0.09, 95% CI —0.15
to —0.28, p = .016). Sensitivity analyses by age group resulted in effect
sizes of similar magnitude across young and school-age children, with
the exception of eye-hand coordination, for which there was no effect
among the young children (Table 3).

3.3. Adaptive behaviors

Communication assessed by means of the VABS was reported in five
studies (n = 74) resulting in a pooled effect size of 0.34 (95% CI —0.13
to 0.82,p > .1) (Fig. 4). The sensitivity analysis limited to four controlled
studies (n = 64) offered an almost identical result (ES = 0.35, 95%
Cl —0.29 to 0.99, p > .1). Heterogeneity across studies was moderate
(P = 73%,95%) and there was no evidence of publication bias or small-
study effects (p > .1).

Six studies (n = 81) assessed activities of daily living by means
of the VABS and the Adolescent and Adult Psychoeducational Profile
(AA-PEP). The pooled effect size was 0.32 (95% CI —0.09 to 0.73,
p > .1) (Fig. 4). We replicated the meta-analysis including only the four
controlled studies available (n = 64) and the results did not change
(ES = 0.32,95% CI —0.33 to 0.98, p > .1). There was evidence of a rela-
tively high heterogeneity across studies (> = 78%). The Egger's test did
not suggest publication bias or small-study effects (p > .1).

The pooled effect size of motor functioning as established by the VABS
was 0.34 (95% CI 0.001 to 0.65, p < .05) (Fig. 4). Meta-analysis limited
to the four studies that included a control group (n = 76) resulted in a
similar effect size (ES = 0.33, 95% CI 0.001 to 0.66, p < .05). There was
no evidence of heterogeneity across studies (> = 0) or publication bias
(p>.1).

Social functioning assessed by VABS, AA-PEP, and MSEL was reported
in seven studies (n = 91). The pooled effect size was 0.65 (95% CI 0.15 to
1.15,p = 0.011) (Fig. 4). When the analysis was limited to the five con-
trolled studies available (n = 74), the pooled effect size was 0.64 (95%
Cl —0.06 to 1.33, p = 0.072). Heterogeneity was high (? = 78% CI 55
to 89%), while the Egger's test was not significant (p > .1). The meta-
regression analysis revealed that social functioning was moderated by
study quality (coefficient = —0.13 4 0.44, p = 0.032). Namely, the
stronger the methodological quality of the study the smaller the effect
of TEACCH over social functioning (Table 4).

Problem and maladaptive behaviors were reported in four studies
(n = 44) implementing various assessment methods (Table 1). Pooled
effect size was —0.92 (95% CI —1.51 to —0.33,p < .001) (Fig. 4). Similar
results were obtained when the analysis was restricted to the two stud-
ies that included a control group (ES = 1.04, 95% CI —1.81 to —0.27,
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Fig. 3. Forest plots of effect sizes and 95% confidence intervals of perceptual and motor outcomes of the TEACCH program in individuals with autism.
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Fig. 4. Forest plots of effect sizes and 95% confidence intervals of adaptive outcomes of the TEACCH program in individuals with autism including communication skills, activities of daily living (ADL), motor and social functioning, presence of
maladaptive or problem behavior, and a composite adaptation score.
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Fig. 5. Forest plots of effect sizes and 95% confidence intervals of verbal and cognitive outcomes of the TEACCH program in individuals with autism including the cognitive, verbal and total

scores of the Psychoeducational Profile, Revised (PEP-R).

p = .008,n = 19). Heterogeneity was low (P = 25%), while the Egger's
test showed evidence of potential publication bias or small-study effects
(p = .017).

The pooled effect size of VABS total score based on the four controlled
studies reporting the outcome was 0.47 (95% CI 0.01 to 0.93, p = .047,
n = 72). Heterogeneity was moderate (> = 65%) and no evidence of
publication bias was established (p > .1).

Sensitivity analyses showed that gains in adaptive behaviors were
not always consistent across all age groups. Specifically, gains in social
functioning and ADL were more pronounced among school-age children
and adults, while gains in these outcomes were negligible among young
children (Table 3).

3.4. Language and cognition
Five controlled studies assessed cognitive functioning using the PEP-

R (n = 43) resulting in a pooled effect size of 0.41 (95% CI 0.04 to 0.77,
p = 0.028) (Fig. 5). This outcome demonstrated a relatively high

heterogeneity across studies (> = 80%). The Egger's test was significant
(p = .016).

Five controlled studies assessed developmental/mental age in a total
number of 53 individuals before and after being exposed to the TEACCH
program. Mental/developmental age was established by means of the
MSEL, M-P-R, and PEP-R. The pooled effect size was 0.30 (95% CI 0.09
to 0.51, p = .006) (Fig. 5). Heterogeneity was within the acceptable
range (> = 48%). The Egger's test was not significant (p > .05).

Verbal skills assessed by means of the PEP scales and the MSEL were
reported in nine studies totaling 121 participants exposed to TEACCH.
The pooled effect size was 0.36 (95% CI, —0.01 to 0.72, p = .052)
(Fig. 5). The effect magnitude obliterated when the meta-analysis
was restricted to the six controlled studies available (ES = 0.14, 95%
Cl —0.14 to 0.96, p > .1, n = 63). Heterogeneity across studies was
moderate (P = 69%), and no publication bias or small-study effects
were established (p > .1).

PEP-R total score was reported in six studies (n = 78) resulting
in a pooled effect size of 0.39 (95% CI 0.14 to 0.64, p = .002) (Fig. 5).
The effect did not change in the sensitivity analysis conducted with

Table 2
Summary of effect sizes by outcome and study.
Aoyama Braiden McConkey Ozonoff Panerai Panerai Panerai Persson Probstand Siaperas Siaperas Tsang Van Welterlin
(1995) etal etal and etal etal etal. (2000) Leppert & Beadle- etal. etal. Bourgondien et al.
(2012) (2010) Cathcart (2002) (2009) (2009) (2008) Brown (2007)  (2007) etal.(2003) (2012)
(1998) (2006)
Perceptual and motor
Eye-hand - - 0.39 0.18 0.50 0.30 0.65 - - - - —038 - -
Fine motor - - 1.01 —006 0.20 048 031 - - - - 0.26 - -
Gross motor - - 1.21 0.16 0.68 0.48 0.60 - - - - 033 - -
Imitation - - 0.81 —006  0.59 0.60 0.26 - - - - 0.21 - -
Perception - - 0.74 0.05 0.47 0.28 0.19 - - - - 0.51 - -
Adaptive outcomes
Communication - - 0.98 - - 0.54 0.21 - - 0.28 - —-042 - -
ADL - - 0.65 - - 0.82 047 0.24 - 0.39 - —-061 - -
Motor - - 0.39 - - 0.61 —-010 - - - - 0.33 - -
Social - - 0.79 - - 1.64 098 1.10 - 0.47 - —055 - 0.49
Maladaptive behavior - - - - - —-087 —124 - —033 - —-169 - - -
Adaptation composite - - 0.74 - - 0.94 032 - - - - —-009 - -
Verbal and cognitive
Cognitive - - - 0.41 0.56 0.54 0.78 - - - - —-016 - -
Developmental age - - - - 0.67 0.42 043 - - - - 0.07 - 0.10
Verbal - 0.28 148 0.41 0.00 0.23 0.37 0.35 - - - —0.05 - —0.08
PEP-total - - - 0.65 0.49 0.50 047 0.39 - - - —0.07 - -
Mean ES (unmatched)  0.91 - 0.90 - - - - 0.23 - 0.77 1.14 —-001 - —0.11
Mean ES (all) 0.91 0.28 0.85 0.22 0.46 0.62 048 0.40 0.33 0.68 1.22 —0.04 1.77 0.06

Notes. Unmatched outcomes were reported only in one or two studies. ES = effect size.
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Table 3
Sensitivity analysis by age group.

Age group 1 Age group 2 Age group 3 Overall

(0-5) (6-17) (=18)

n ES [95% CI] n ES [95% CI] n ES[95% CI] n ES [95% CI]
Perceptual and motor
Eye-hand 3 08 [—.41, .56] 3 46" [20,.72) - 6 26[—.03,.55]
Fine motor 3 40 [—.17,.97] 3 33" .16, .50] - 6 36" (.08, .65]
Gross motor 3 57[—.07,1.21] 3 57" (.28, .85] - 6 5825, .91]
Imitation 3 34[—.19,.87] 3 A7 [.18,.76) - 6 417 [12,.70]
Perception 3 46" .07, .84] 3 297 (.03, .55] - 6 40" 17, 63]
Adaptive
Communication 2 30 [—1.08, 1.68] 2 38 (.38, —.09] 1 29 [—.18,.75] 5 34[—.13,.82]
ADL 2 03[—1.21,1.26] 2 64" 23,1.05] 2 34" .01, .66] 6 32[—.09,.73]
Motor 2 37[—.03,.77] 2 26 [—.44, .96] - 4 33" .00, .66]
Social 3 25[—.64,1.11] 2 128" .65, 1.92] 2 63" 1.09,1.18] 7 65" .15, 1.15]
Problem behavior - 3 —70%[—1.25, —.15] 1 —1.69 [—2.89, —.50] 4 — 92" =151, —.33]
Adaptation composite 2 34 [—.48,1.15) 2 62%1.02,123] - 4 47%1.01, 93]
Verbal and cognitive
Cognitive 2 11 [—.45, 67] 3 62738, .86] - 5 417 .04,.77]
Developmental/mental age 2 08 [—.13, 29] 3 48" .26, .70] - 5 30" .09, 51]
Verbal 5 43[—.17,1.02] 3 22 [—.20, .63] 1 35[—.33,1.03] 9 36 [.00,.72]
PEP total 2 27[—.43, 98] 3 49" 28, .70 1 391[.00,.79] 6 39" .14, .64]
Mean effect size 5 29 [—.06, .63] 5 53"%131,.75] 4 81%[.25,138] 6 47 27, 67]

Notes. Mean effect sizes included all outcomes within a study. ES = effect size; CI = confidence interval; n = studies included.

* p<.05.
** p< .01

the five controlled studies available (ES = 0.39, 95% CI 0.09 to 0.687,
p = 0.010, n = 71) (Fig. 5). Heterogeneity across studies was within
the moderate range (I> = 69%). There was some potential for pub-
lication bias and small-study effects according to the Egger's test
(p = .049).

Meta-regression analyses did not establish any conclusive factors
as significantly associated with a reduced level of heterogeneity for
the cognitive and verbal outcomes under analysis. There was a trend to-
ward smaller intervention effects for cognitive functioning among those
with higher developmental ages; and larger intervention effects in the
same outcome for older individuals (Table 4). Individuals with higher
developmental ages and exposed to higher intervention intensities
(above 12 weekly hours) showed a trend toward lower intervention
effects in the PEP-R total score (Table 4). Sensitivity analyses across
age groups showed clear disparities of treatment effects for cognitive
functioning and developmental age. Specifically, school-age participants
showed moderate gains in both outcomes, while young children did not
show those effects (Table 3).

4. Discussion

The present study represents a thorough attempt to summarize
the evidence in support of the TEACCH program based on its effect on
a variety of standardized outcomes. While TEACCH is a relatively com-
mon treatment option for individuals with developmental disabilities
and autism (Green et al., 2006), no meta-analyses have been reported.
By contrast, pharmacological approaches and interventions based on
applied behavior analysis, to mention only two examples, have been
tested on a number of occasions using pre-post and controlled studies,
and their effectiveness have been documented in several meta-analyses
(e.g., Chavez, Chavez-Brown, Sopki, & Rey, 2007; Virués-Ortega, 2010).
We were able to identify 13 studies reporting six between-group
and seven pre-post trials. While the amount of data available is limited,
the studies allowed for a relatively wide evaluation of the impact of
TEACCH over perceptual and motor skills, social behavior, activities of
daily living, maladaptive behavior, cognition, and language. Our results
indicated that TEACCH effects on perceptual, motor, verbal and cog-
nitive skills were of small magnitude in the meta-analyzed studies.
Effects over adaptive behavioral repertoires including communication,

activities of daily living, and motor functioning were within the negligi-
ble to small range. There were moderate to large gains in social behavior
and maladaptive behavior (see a summary of individual effect sizes in
Table 2). The overall effect of the intervention across all outcomes was
moderate (Fig. 2) and effects seemed to increase with age (Table 3).
The adult population experienced the greatest overall benefit. However,
due to the limited number of appropriately designed studies, we are still
far from establishing an evidence base for the TEACCH program as effec-
tive or ineffective across children and adults. Therefore, our analysis
should be considered a preliminary evaluation pointing to the outcomes
that demonstrate greater promise.

In terms of large areas of functioning, our results suggested that
TEACCH had a moderate positive effect over perceptual and motor skills
(ES = 0.37-0.63). Nonetheless, the effect size for fine motor functioning
lost statistical significance when the analysis was limited to controlled
studies (sensitivity analysis). Interestingly, when the meta-analysis of
perceptual and motor skills was restricted to control studies, the magni-
tude of the effects fell across all outcomes (ES = 0.22-0.45), suggesting
that gains at post-test were to some extent driven by factors other than
the intervention.

Adaptive skills, communication, activities of daily living, and
motor functioning obtained effect magnitudes within the small
range. Moreover, the effect sizes of communication and activities of
daily living were not statistically significant. The impact of TEACCH in so-
cial adaptive functioning was moderate (ES = 0.65). This finding en-
dured the sensitivity analysis and no evidence of publication bias
or small study effects was established. However, the meta-regression
analysis revealed that the effects over social functioning were negligible
among higher quality studies. Also, heterogeneity levels were high for
this outcome. The excessive heterogeneity in social functioning
may have been driven by the various assessment strategies used to
quantify the outcome. Namely, Siaperas and Beadle-Brown (2006),
Persson (2000), McConkey et al. (2010), and Welterlin et al. (2012)
used different assessment methods to establish social functioning.

The favorable effect of TEACCH on maladaptive behavior
(ES = —0.91) remained unchanged when the analysis was replicated
solely with controlled studies (Panerai et al., 2009). This is of some in-
terest, as pre-post studies implemented non-standardized assessment
methods (Probst & Leppert, 2008; Siaperas et al., 2007), which suggests



950 J. Virues-Ortega et al. / Clinical Psychology Review 33 (2013) 940-953
Table 4
Meta-regression and sensitivity analysis by specific predictors over selected TEACCH intervention outcomes.
Cognitive Verbal Social PEP-R total n, mean ES
n, ES [95% CI] n, ES [95% CI] n, ES [95% CI] n, ES [95% CI] [95% CI]
Developmental age p = 0.061 ns ns p = 0.067 ns

<23
>23
Intensity, h/week
<125
>12.5
Duration, weeks
<125
>12.5
Main setting
Center-based
Home-based
Study quality
<65
>65

3,0.56[0.33,0.79]
2,0.18[—0.51,0.87]
ns

3,037 [—0.25,1.00]
ns

3,024 [—022,071]
2,0,64[0.37,092]
ns

4,056 [0.36,0.75]
ns
3,0.55[0.33,0.77)
2,0.18 [—0.53,0.88]

5,0.54 [—0.02, 1.10]
3,0.02 [—0.34,039]
ns

3,0.73 [—0.08, 1.54]
3,0.81 [—0.30, 0.46]
ns

5,0.45 [—0.15, 1.04]
4,022 [—0.12,057]
ns

2,0.10 [—0.32, 053]
7,042 [—0.02, 0.86]
ns

7,0.46 [—0.04, 0.88]
2,0.04 [—0.49,041]

2,0.83[0.48,1.19]
3,050 [—0.74, 1.73]
ns

2,0.19[—131,1.70]
ns

3,025 [—0.52, 1.02]
4,1.021[0.53,150]

ns

3,027 [ 061, 1.16]
4,0911[0.51,131]

p = 0032

5,0.92 [0.59, 1.25]

2, —0.04 [—1.04,0.96]

3,0.54[0.33,0.75]
2,020 [—0.36, 0.76]
p = 0.067

3,028 [—1.33,0.68]
ns

3,034 [—1.15,0.82]
3,046 [0.26, 0.67]
ns

2,013 [—0.32,0.59]
4,0.53[0.35,0.71]
ns

4,0.51[0.33, 0.69]
2,019 [—037,0.74]

4,0.51[021,0.81]
4,031[—0.10,0.72]
ns

4,046 [0.10,0.81]
2,021 [—029,0.70]
ns

8,0.48 [0.19,0.77]
5,047 [0.27,0.71]
ns

10,057 [0.32,0.83]
4,035[—0.04,0.71]
ns
9,0.55[0.38,0.73]
5,0.33 [—0.17,0.83]

Notes. Mean effect sizes included all outcomes within a study. p values of random-effect meta-regression (only values below .1 reported). All continuous predictors except ‘main setting’.
Center-based programs were delivered partially or totally at a school, center, residence, or group home. Panerai et al. (2009) was considered a home-based program. Predictor medians
were used as cut-off points in the sensitivity analysis by predictor level. 95% CI = 95% confidence interval; ES = effect size; n = number of studies; ns = non-significant.

that the effect is not the result of the study design, but a function of
a true change of the outcome. Finally, while there was no evidence of
heterogeneity, publication bias and small study effects were significant.
In summary, according to the limited pool of studies currently available,
TEACCH effects on adaptive skills were non-significant (communication,
activities of daily living), small (e.g., motor), or were subject to quality
and publication bias (social functioning, maladaptive behavior).
Nonetheless, social functioning and maladaptive behavior showed
significant promise. Future evaluations incorporating these outcomes
would help to mitigate the quality and publication biases reported
in the present analysis.

Treatment gains in language and cognition were within the
small to moderate range (ES = 0.36-0.42). In terms of specific out-
comes, TEACCH had a small favorable impact on cognitive function-
ing (ES = 0.41) as established by the PEP-R. However, the extent to
which this result represented a true treatment gain was undermined
by excessive heterogeneity and publication bias. Similar comments
apply to mental/developmental age estimates, for which we identified
a small effect (ES = 0.36). Finally, the effect of TEACCH over verbal
skills (ES = 0.42) did not reach statistical significance. Furthermore,
when the meta-analysis was restricted to controlled studies the effect
magnitude became negligible (ES = 0.17). While these findings are com-
patible with the view that the intervention may have small or negligible
effects on cognition and language, we should be extremely cautious while
interpreting these findings. As noted above, effects not reaching statistical
significance or subject to publication bias and small study effects may be-
come firmly established upon further evaluation. Interestingly, TEACCH
and early intensive behavioral intervention seem to diverge in their re-
spective effects over language and cognition. Recent meta-analyses
have pointed out that behavioral intervention has large effects on lan-
guage and cognition with effect sizes around 1.5 or higher when account-
ing for dose-dependent effects (Eldevik et al., 2009; Virués-Ortega, 2010).
By contrast, no significant moderators were established for this cluster of
outcomes in the current meta-analysis.

While results were generally consistent across ages, the sensitiv-
ity analysis by age group showed that effects were, in general, of less
magnitude and lower statistical significance among young children
relative to school-age children. Discrepancies between age groups were
found mainly in ADL, cognitive functioning, eye-hand coordination,
social behavior, and developmental age. Also, the effects found among
adults were consistent with those found among school-age children.
These findings suggest that intervention effects are more variable at
younger ages opposing the view that earlier interventions induce greater

treatment effects (Ozonoff & Cathcart, 1998). Due to the limited pool of
studies in each age group, our sensitivity analysis should be considered
preliminary. Further studies are needed to substantiate these exploratory
findings.

Our analysis suggests that TEACCH has modest effects on specific
domains, while the outcomes that show greater promise (social func-
tioning, maladaptive behavior) require further replication. Unfortunately,
the meta-regression did not help to identify common factors driving the
magnitude of the intervention effects. In particular, treatment effects
could not be correlated reliably with prominent aspects of the inter-
vention. The meta-regression analysis was conducted upon the premise
of appropriate variability of the moderators (Table 1). Data dredging
was avoided by examining the potential impact of all possible combina-
tions of predictors and outcomes (Thompson & Higgins, 2002). However,
the results of meta-regression analyses based upon a limited pool of
studies may be variable. It remains to be seen if our general findings
will be consistent with future meta-analyses based on a larger pool of
studies.

In summary, the present meta-analysis suggests that (a) TEACCH
effects over perceptual, motor, verbal and cognitive skills may be
of small magnitude; (b) effects over adaptive behavioral repertoires
including communication, and activities of daily living may be within
the negligible to small range; (c) effects over social behavior and mal-
adaptive behavior may be moderate to large; (d) the evidence base cur-
rently available does not allow to identify specific characteristics of the
intervention (duration, intensity, and setting) and the target population
(developmental age) that could be driving the magnitude of effects; and
(e) effects are, in general, replicated across age groups, although the
magnitude and consistency of intervention effects are greater among
school-age children and adults. Again, it is important to acknowledge
that these preliminary conclusions are grounded in very limited data.
Namely, only two of the meta-analyzed studies were randomized con-
trolled trials (RCT), all studies had small samples, only one study
monitored treatment fidelity, and only two studies conducted blinded
assessments. Moreover, several outcomes showed evidence of excessive
heterogeneity and potential for publication bias. Therefore, our con-
clusions should be considered preliminary.

There seemed to be a general correspondence between the out-
comes identified as specific targets of the TEACCH program and those
for which significant, albeit generally small effects were established.
For instance, verbal, cognitive, and social skills are acknowledged as
important components of the skill acquisition and structured teaching
principles that inspire the TEACCH program (Schopler, 1997, 2005).
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Also, improved adaptation, a guiding principle generally accomplished
by both skill acquisition and environmental accommodation, should
have a positive impact on maladaptive behavior. These behaviors are
known to serve psychological functions (e.g., escape from demands),
which could be offset by environmental adaptations (e.g., modified
demands), or the acquisition of new skills (e.g., those needed for
compliance) (Hanley, Iwata, & McCord, 2003).

The scope of our findings is limited by the inherent methodological
quality of the original studies composing our analysis. Lack of randomi-
zation, blinded assessment, and treatment fidelity measures were
concerns among some of the studies included in the meta-analysis.
In particular, the dearth of details on treatment fidelity allows for
a potentially inconsistent implementation of the TEACCH program
across studies beyond the disparities on intensity, duration, and setting
analyzed here. Nonetheless, the general methodological quality was
commensurable to what is typically encountered in the ASD outcome
literature. For example, Virués-Ortega (2010), also using the Downs
and Black questionnaire, reported an average quality index among
interventions based on applied behavior analysis that was lower by
comparison (50 vs. 60). We incorporated three strategies into our anal-
ysis to evaluate the potential impact of methodological quality in the
validity of our findings. First, we conducted a thorough evaluation of
methodological quality and reported it in detail. Second, we conducted
sensitivity analyses to determine if pre—post studies biased treatment ef-
fects systematically. Finally, we reported meta-regression analyses using
study quality as a continuous moderator. Meta-regression showed that
study quality tended to be negatively correlated with treatment effects.
For instance, quality was a significant moderator for social functioning,
i.e,, studies with higher methodological quality showed lower gains in
social functioning. Similar non-significant trends were observed for all
other outcomes in Table 4. In summary, study quality had a marginal
potential for false-positive bias. Therefore, studies with limited quality
were unlikely to overreport treatment efficacy within the small pool of
studies available.

Few comprehensive psychosocial interventions for autism have
accrued significant empirical support. A review by Rogers and Vismara
(2008) determined that only the early intensive behavioral intervention
based on applied behavior analysis (UCLA Young Autism Project model,
Lovaas, 1987) has achieved the category of “well-established” according
to the treatment classification criteria by Chambless and Hollon (1998).
In addition, three parent-training models, two of them based on applied
behavior analysis, were labeled as “possibly efficacious”. The Early Start
Denver Model may be added to this list due to a recently published
RCT (Dawson et al.,, 2010). The evidence reviewed here suggests that
the TEACCH approach meets Chambless and Hollon (1998) criteria for
a “well-established” intervention, i.e., two independent RCT showing
the treatment to be better than placebo or equivalent. Nonetheless,
further inquiries on the methodological quality and the clinical signifi-
cance of TEACCH relative to other evidence-based interventions,
are warranted. We highlight three points of discussion that could
be addressed by future research.

4.1. Methodological standards of treatment evaluation

A common concern in the treatment evaluation literature is the
methodological standard of clinical trials. As indicated by Rogers and
Vismara (2008), “there is a low number of RCT studies, and these use
small samples and examine different treatments with radically different
delivery approaches and intensities, delivered over different time spans,
and using different measurement approaches” (p. 19). Varying mea-
surement approaches is a smaller concern in the TEACCH literature
as the studies available use almost invariably the same assessments
(Table 1). However, several methodological considerations should
be addressed in future evaluations of TEACCH. First, while randomiza-
tion is important, small sample sizes prevent randomization effective-
ness. Second, treatment fidelity is rarely reported (see an exception in

Welterlin et al., 2012). In the present study we have characterized the
training background of those delivering the intervention as a proxy to
treatment fidelity. Future studies should provide more direct evidence
in this respect. Finally, the range of assessments used to evaluate treat-
ment effects is limited. Using wide spread measures of intellectual
assessment and development will allow a more comprehensive view
of treatment effects and will provide the opportunity to draw more di-
rect comparisons between TEACCH and other approaches to treatment.
It is important to note that the range of sample sizes in the RCT examin-
ing TEACCH (23-34) is equivalent to the range of sample sizes of RCT
evaluating other comprehensive psychosocial interventions for autism.
For instance, Rogers and Vismara (2008) described five RCT with a
sample size range of 15 to 35. Moreover, the RCT that provided the
highest level of evidence, according to these authors, rarely reported
treatment fidelity. In summary, the need for higher methodological
standards is relevant to all comprehensive psychosocial interventions
for autism.

4.2. Effectiveness relative to other interventions

Currently, there are no published studies directly comparing the
effects of TEACCH relative to other models of intervention. However,
three studies have described TEACCH as a background (control) in-
tervention during the evaluation of other target treatments (Aldred,
Green, & Adams, 2004; Eikeseth, Smith, Jahr, & Eldevik, 2002; Howard,
Sparkman, Cohen, Green, & Stanislaw, 2005). These studies provide a
preliminary comparison of TEACCH relative to other interventions.
Also, published meta-analyses incorporating similar or identical
outcomes provide a second means for drawing a preliminary com-
parison across treatments. For instance, Eldevik et al. (2009) and
Virués-Ortega (2010) reported several treatment outcomes also in-
cluded here. Both means of indirect comparison suggest that TEACCH
does not compare favorably to other approaches. Nonetheless, direct
comparisons are needed to substantiate these initial observations.

4.3. Potential downsides of a name-brand

A name-branded intervention frequently combines a variety of
elements that are not assessed separately. Namely, the brand frequently
advocates for a “treatment package” preventing separate analyses of spe-
cific treatment components. Unlike TEACCH, approaches to treatment
based on applied behavior analysis are supported by a large corpus of
molecular analyses in the form of single-subject experimental studies.
Treatment evaluations of TEACCH focusing on specific treatment com-
ponents and specific treatment outcomes are sorely needed. Finally,
branded interventions tend to centralize services and training, which
may harm the scientific integrity of the intervention by limiting
the opportunities of widespread dissemination and evaluation.

In summary, the following considerations may be relevant for future
research: (a) adherence to the general quality standards of controlled
trials including randomization, intention to treat analysis, and treat-
ment fidelity; (b) prioritization of controlled studies as pre-post designs
may be subjected to developmental confounders; (c¢) implementation
of standardized assessments developed outside the TEACCH tradition
including standardized measures of both intellectual functioning and
actual achievement; (d) improvement of the comparability of the
intervention and control groups in terms of hours of intervention on
occasions when a no-intervention control group is not feasible, and
(e) prioritization of studies comparing more than one form of inter-
vention in order to establish the relative advantages and disadvantages
of TEACCH.

Appendix A. Supplementary data

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.cpr.2013.07.005.
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