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Objective To systematically evaluate evidence for the use of interventions based on appied behavior analysis (ABA) to manage various

symptoms of children with autism spectrum disorder (ASD).
Methods Sensitivity analyses were conducted by removing any outlying studies and subgroup analyses were performed to compare the effectiveness of ABA and early start denver model (ESDM), picture exchange communication systems (PECS) and discrete trial training (DTT).
Results 14 randomized control trials of 555 participants were included in this meta-analysis. The overall standardized mean difference
was d=-0.36 (95% CI -1.31, 0.58; Z=0.75, p=0.45) for autism general symptoms, d=0.11 (95% CI -0.31, 0.54; Z=0.52, p=0.60) for socialization, d=0.30 (95% CI -0.02, 0.61; Z=1.84, p=0.07) for communication and d=-3.52 (95% CI -6.31, -0.72; Z=2.47, p=0.01) for expressive language, d=-0.04 (95% CI -0.44, 0.36; Z=0.20, p=0.84) for receptive language. Those results suggested outcomes of socialization,
communication and expressive language may be promising targets for ABA-based interventions involving children with ASD. However,
significant effects for the outcomes of autism general symptoms, receptive language, adaptive behavior, daily living skills, IQ, verbal IQ,
nenverbal IQ, restricted and repetitive behavior, motor and cognition were not observed.
Conclusion The small number of studies included in the present study limited the ability to make inferences when comparing ABA,
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ESDM, PECS and DTT interventions for children with ASD.
Key Words Autism, Children, Applied behavior analysis, Meta-analysis.

INTRODUCTION
Autism spectrum disorder (ASD) is a neurodevelopmental
disorder characterized by early impairments in socialization
and communication, as well as restricted interests and repetitive behaviors.1 Currently, the Centers for Disease Control
and Prevention (CDC) estimates that one in every 59 children
has ASD.2 Although most children are diagnosed at the age of
3 years old, approximately 39% are not evaluated for the first
time until after 4 years old.2
ASD is recognized as a major public health concern because of its early onset, long duration, and high levels of associated impairments.3 This impairment is attributable not only
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to the core symptoms of ASD, but also to a range of co-existing conditions that individuals with ASD often experience,
including emotional and behavioral problems (i.e., anxiety,
compulsions, aggression destruction and uncooperative behavior), sleep problems (i.e., difficulty in falling asleep, superficial sleep, early awakening and low sleep efficiency), feeding
and eating problems, gastrointestinal problems, sensory sensitivities, learning and intellectual disabilities, as well as comorbid health and mental health diagnoses.4 Compared with
the core features of ASD, these co-existing conditions can be
equal or greater for parents and teachers of children with ASD
than the core, and have a significant impact on behavior management, learning acquisition, and the development of social
relationships.5 There are many intervention approaches for
treating ASD, including applied behavior analysis (ABA), diets and vitamins, floor time, holding, medication, sensory integration, speech and music therapy, special education and
visual schedules.6,7 However, there is little empirical evidence
to prove the effectiveness of these approaches and the available evidence shows mixed results.8-11
ABA is a scientific approach in which procedures based on
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the principles of behavior are systematically applied to identify environmental variables that influence socially significant behavior and are used to develop individualized and
practical interventions.12,13 This methodology is highly effective in teaching basic communication, games, sports, social
interaction, daily living and self- help skills. As the increasing
number of service providers and certified professionals in
the field have suggested, the ABA field has shown even more
significant growth in the field of behavioral interventions for
children with autism.14,15 Since the mid-1980s, there has been
evidence that ABA has contributed to the steady accumulation of intelligence, language and social functions in children
with ASD.16-18
Nowadays, there are also several types of interventions
which are based on ABA and share a common set of core features, such as Early Start Denver Model (ESDM), Picture Exchange Communication Systems (PECS), Discrete Trial Training (DTT) and Pivotal Response Treatment (PRT). ESDM
uses the teaching strategies which involve interpersonal exchange and positive affect, shared engagement with real-life
materials and activities, adult responsivity and sensitivity to
child cues, and focus on verbal and nonverbal communication, based on a developmentally informed curriculum that
addresses all developmental domains.19
PECS is a manualized program that guides children to use
an exchange-based communication system, which has been
a common intervention choice for nonverbal children with
ASD in clinical and school settings.20 DTT consists of a series
of direct and systematic instruction methods, which are used
repeatedly until the children acquires the skills and focuses on
analyzing the skills into small elements and units.21 PRT is an
intervention that focuses on arranging the environment to
promote the use of target structures and then provides opportunities for children to use the target structures in natural
game interactions.22 Even though these interventions have
their own designs and performance forms, they are all consistent with the principles of ABA and show effectiveness in different functions of children with ASD.19-22
The literature on ABA-based interventions for children
with ASD has been constantly growing over the past decade.
At present, there are quite a number of studies on psychosocial interventions based on ABA in children with ASD. Furthermore, comparable outcome measures were used in the
study to make meta-analysis possible. This meta-analysis
would include ABA-based interventions like ABA, ESDM,
PECS, DTT, PRT and so on.
The primary purpose of this meta-analysis was to systematically review the evidence for the use of ABA-based interventions to manage dysfunction in children with ASD. In addition,
we would also examine the differences among types of ABA-

based interventions in the improvement of ASD symptoms.

METHODS
Protocol registration and PRISMA guidelines

The procedures for this meta-analysis have been registered
in the PROSPERO International prospective register of systematic reviews (No. CRD42018118487), which published
protocols from systematic reviews prior to the initiation of
data extraction in an effort to reduce reporting bias.23,24 The
methods used to conduct this study were in accordance with
the Cochrane Handbook for Systematic Reviews.25 This study
was designed in accordance with the PRISMA guidelines.26

Information sources and search strategy

Two independent researchers identified studies by searching electronic databases and manually searching for appropriate published studies and published system reviews. The following databases were searched: Pubmed, Embase, Web of
Science, Cochrane Library, Wanfang and Weipu. The main
keywords utilized in the article searches included the following: autism spectrum disorder, autism, autistic disorder, ASD;
applied behavior analysis, ABA; discrete trial teaching, DTT;
pivotal response treatment, PRT; picture exchange communication system, PECS; early start denver model, ESDM; psychotherap* and cognitive behavi* therap*. It was limited to
the title, abstract or topic, depending on the availability of
search options in each database. The search was limited to
journals in English and Chinese. Additionally, the search was
not limited by date. Thus, all databases were searched from
the earliest indexed date to December 24, 2018.

Eligibility criteria and study selection

Studies were included if they met the following criteria: 1)
the study should be a randomized controlled trial (RCT); 2)
participants were between the ages of 0 and 18 years old; 3)
participants were diagnosed with ASD; 4) the treatment used
in experimental group was based on / derived from applied
behavior analysis (DTT, PST, PECS, ESDM and so on); 5)
the treatment used in control group was conventional intervention; 6) the study included at least one standardized continuous outcome measure related to autistic symptom. The
final selection of studies was performed using tools provided
in the Cochrane Collaboration Handbook.27

Selection of outcome measures

Outcome measures were selected depending on their validity and frequency of use. Judgement of the validity of autistic
symptoms measures in the ASD population was based on two
methodologically rigorous reviews which were recently pubwww.psychiatryinvestigation.org 433
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lished. This study mainly selected outcomes related to highfrequency autistic symptoms (used more than 3 times in all
included researches). Therefore, the general symptomatic outcomes of ASD, including socialization outcomes, communication outcomes, expressive language outcomes, receptive language outcomes, adaptive behavior outcomes, daily living
skills outcomes and intelligence quotient (IQ) outcomes, were
finally selected in this study. The selected indicators of general
symptom outcomes for ASD were Mullen Scales of Early
Learning (MSEL), Autism Diagnostic Observation Schedule
(ADOS), Assessment of Basic Language and Learning Skills
(ABLLS), Aberrant Behavior Checklist (ABC), The Autism
Diagnostic Interview-Revised (ADI-R), Vineland Adaptive
Behavior Scales (VABS), Autism Treatment Evaluation Checklist (ATEC) and Childhood Autism Rating Scale (CARS). The
selected measures for socialization outcome were ADI-R and
VABS. The selected measures for communication outcome
were VABS and Psychoeducational Profile (C-PEP). The selected measures for expressive language outcome were MSEL,
ADOS and Reynell Developmental Language Scales (RDLS).
The selected measures for receptive language outcome were
RDLS and MSEL. The selected measures for adaptive behavior
outcome were VABS and C-PEP. VABS was also used for daily
living skills outcome measure. In addition, Differential Ability
Scales (DAS) and Stanford-Binet Intelligence Scale (SBIS) were
chosen as measures of IQ outcomes.
If two of the selected outcome measures were used in a study,
one of them was chosen for analysis.

Data collection process and risk of bias within studies

Data extraction and risk of bias assessment were performed
according to the Cochrane Collaboration Guidelines. All references found by the search strategy were gathered by the reference management program EndNote X6 (Thomson Reuters,
New York City, USA). All citation sourced from the search
strategy were transferred to EndNote X6. The first author conducted the systematic search and the second author verified
inclusion/ exclusion of a subset of studies. The two authors independently screened the originally selected studies and
agreed on which studies should be selected for the review.
Data extraction and risk of bias assessment were conducted
independently by the first and second authors. In the event of
a disagreement, resolutions were reached in discussion with
the third referees, if necessary following inspection of the full
paper. The Cochrane Collaborative tool was used to assess the
risk of bias in each included study. The tool included the following domains: sequence generation, allocation concealment,
blinding of participants and personnel, blinding of outcome
assessment, complete outcome data, selective outcome reporting, and other sources of bias. Studies were allocated to three
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categories according to our judgment of each area or potential
risk of bias: low risk of bias, unclear risk of bias and high risk
of bias. Only methodological strengths and weaknesses associated with the results of this meta-analysis were considered
when assessing the risk of bias. Whether the study should be
included in the meta-analysis is judged individually based on
the results of the risk of bias assessments, excluding those with
higher bias risk.
Selection bias was assessed based on adequate description of
random sequence generation and concealment of treatment
group allocation. In order to maintain the highest level of scientific and methodological rigor, it was determined that only
RCTs would be included in this review. Thus, selection bias
would only come from treatment allocation. Due to the nature
of interventions, blinding of participants and personnel was
not feasible in any of the included studies. Thus, all studies had
a high risk of performance bias. Attrition bias was assessed by
examining the reports of withdrawals and drop-outs. Outcome data were considered complete if there were no missing
pre- or post-treatment data, or if the study authors had carried
out an intent-to-treat analysis. Therefore, reporting bias was
evaluated purely based on evidence of selective outcome reporting provided in the study reports. There was no exclusion
study based on bias risk assessment.

Summary measures and syntheses of results

Data syntheses were performed using Review Manager version 5.3 (Cochrane Collaboration software). We assessed continuous data and analyzed continuous data based on the basis
of the available means and standard deviations. There was no
clear evidence that the distribution was biased. Assuming that
two or more studies were found to be suitable for inclusion
and that those studies were considered to be satisfactory, a
meta-analysis of the results was performed. Since the studies
measured several outcomes in a nonuniform manner, outcome data were synthesized using standardized mean difference (mean/standard deviation) for both intervention and
control group.
Higgin’s I2 test was used to describe the impact of heterogeneity on the effect estimates in percentage terms. It was chosen over Cochrane’s Q Test (a value of 0.10 used as a cut-off
for significance) since the latter had low power when there
were few studies. Higgins et al.28 proposed a tentative classification of I2 values with the purpose of helping to interpret its
magnitude. Thus, percentages of around 25% (I2=25), 50%
(I2=50), and 75% (I2=75) would mean low, medium, and high
heterogeneity, respectively. And a random-effect model was
chosen to estimate the effect of intervention.29
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1,421 of records identified
through database searching

2 of additional records
identified through other sources

1,117 of records after duplicates removed

1,117 of records screened

1,084 of records excluded

33 of full-text articles
assessed for eligibility

19 of full-text articles
excluded, with reasons

14 of studies included
in qualitative synthesis

14 of studies included in quantitative
synthesis (meta-analysis)

Figure 1. PRISMA flow diagram of study selection.

Additional analysis

Due to the relatively limited research addressing treatment
options based on ABA for children and adolescents with ASD,
it was deemed appropriate to include studies that used applied
behavior analysis (ABA), discrete trial teaching (DTT), pivotal
response treatment (PRT), picture exchange communication
system (PECS) or early start denver model (ESDM) as intervention in experimental group. To compare the effectiveness
of these delivery methods, a subgroup analysis was conducted
by comparing the confidence intervals of the summary estimates in these subgroups (ABA group, DTT group, PRT
group, PECS group, and ESDM group). No overlap or minimal overlap between the confidence intervals was considered
statistically significant. Only subgroup analysis of the result
measurements was performed if the overall summary estimates were significant.
Because of the small number of studies in each review category, it is not possible to formally assess publication bias
through funnel plots or statistical tests.30,31 In order to analyze
the impact of outlying studies on summary estimates, sensitivity analysis was carried out by removing each type of outlier
studies.

RESULTS
Study selection

Flow diagram of the search results was shown in Figure 1.
1,421 records were identified through database searching and
2 of additional records were identified from published systematic review. After removing 306 duplicated records, 1,117

records were screened based on the title and abstract, 1,242 of
which were excluded. 33 of full-text articles were assessed for
eligibility and 19 of them were excluded for the following reasons: eight studies were not RCTs; one study could not provide full text after contacting the author; three studies only
provided abstracts of conference articles; four studies did not
meet the requirement for participants; three studies did not
meet the requirement of interventions in the control group;
one study did not include relevant outcomes. Finally, 14 RCTs
were included in this review and meta-analysis.32-45

Study characteristics

A summary of study characteristics could be found in Table
1. A total of 555 participants (278 of experimental groups and
277 of control group) aged 6 to 102 months were included.
Participants were composed of American, European, Latino,
Asian, African and multiracial people. All participants in 14
studies had diagnosis of ASD by clinicians with the ADOS,
the Autism Diagnostic Interview-Revised (ADI-R), the Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition (DSM-VI) or the Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition (DSM-5).32-45 Each study included at least one standardized continuous outcome measure
related to autistic symptoms, such as socialization, communication, adaptive behavior, language, verbal IQ, non-verbal IQ,
inappropriate speech, response, imitation, irritability, noncompliance, motor, body use, activity level, daily living skills, selfhelp, IQ, cognitive, early-learning, visual reception, general
impression and so on. The scales with higher using frequency
were ADI-R, ADOS, MSEL, VABS, ABC, CARS, ABLLS,
ATEC and C-PEP.
Five studies used ABA-based intervention,36,38,40-42 one study
used DTT,37 five studies used ESDM32-34,39,43 and three studies
were found to use PECS.35,44,45 Eight studies were administrated by trained therapists,32,33,36,40-42,44,45 while five by teachers35,37-39,43 and one by parents.34 Seven studies encouraged
parents or caregivers to assist with generalization of acquired
skills to the home environment and one of them also needed
parents or caregivers to cooperate with therapists on home
visit and supervision.32,33,36,39-41,44 Dawson et al.33 provided continuous training for parents during semimonthly meeting to
help them use the ESDM strategy in their daily activities.32
The duration of each session was 30 to 120 minutes and the
duration of the intervention was between 2 and 36 months.
Intervention settings varied in different studies, such as center, elementary school, mainstream school, institution, kindergarten, department of developmental-behavioral pediatrics in hospital and home. All studies were approved by local
Institutional Review Board and informed consents were obtained from the participants’ parents. Gordon et al.35 assigned
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Xu et al.43

Kong et al.44
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36.0

33.0

38.0

6.0
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58.2

81.6

24

23.9

54.1

2 h per session,
32 sessions in total

30–40 h a week, for 6 months

30 h a week, for 2–3 years

39 h a week in year 1
37 h a week in year 2

Therapist

Student
therapists

Therapists

Teachers

Teachers

PECS

PECS
1 session a day, 5 days a week,
for 6 months

Therapists

30 min a session, 1 session a day, Therapists
5 days a week, for 6 months

ESDM 30 min a session, 2 sessions a day, Teachers
5 days a week, for 8 weeks

ABA

ABA

ABA

Therapists

Teachers

Parents

Trained
therapists

Trained
therapists

Exp.
administrator

35 min per session,
Teacher
3 sessions a week, for 12 weeks students

6 h each day, 5 days per week,
for 2 years

Once a day, for 9 months

ESDM 2 h a session, 1 session per day,
6 days a week, for 12 weeks

ABA

DTT

ABA

PECS

ESDM A high level of intensity,
for 2 years

ESDM 2 h per session, twice a day,
5 days per week, for 2 years

ESDM 2 h each time, twice a day,
5 days a week, for 2 years

Exp.
dosage

No involvement

Cooperation with
therapists on PECS

No involvement

No involvement

Cooperation with home
visit and group visit

Weekly supervision
at home

2-h ESDM intervention
at home per day

No involvement

No involvement

Generalization of acquired
skills at home

No involvement

Children only got in-home
intervention

Location

GARS-2, SSIS, SRS, WM,
ABC, SVS

NVCSS

SBIS-4, LIPS-R, VABS,
ABLLS, ABLLS-R

ADOS, COSMIC,
Videotaped observation

DAS, VABS, ADOS,
ABC, ADI-R

ADI-R, ADOS, MSEL,
VABS, RBS

ADI-R, ADOS, MSEL,
PDD-BI, VABS

Outcome
measurement

CARS

ATEC, C-PEP, ASSS,
PedsQLTM, ABC

SBIS, RDLS, VABS, ACBC,
WIAT, ELM, FSQ

VABS

Department of developmental- C-PEP
behavioral pediatrics in hospital

Department of developmental- C-PEP
behavioral pediatrics in hospital

Center

Hospital

School

School

Department of developmental- ABC, CARS, CGI-S
behavioral pediatrics in hospital

Kindergarten

Institution

Mainstream school

Elementary school

Home

Parent gave family intervention Center
above 5 hours per week

Parents used ESDM strategies Center
during daily activities

Caregiver
involvement

Exp.: experimental group, Cont.: control group, ADI-R: Autism Diagnostic Interview-Revised, ADOS: Autism Diagnostic Observation Schedule, MSEL: Mullen Scales of Early Learning,
PDD-BI: Pervasive Developmental Disorder-Behavioral Inventory, VABS: Vineland Adaptive Behavior Scales, RBS: Repetitive Behavior Scale, DAS: Differential Ability Scales, ABC: Aberrant
Behavior Checklist, SBIS-4: Stanford-Binet Intelligence Scale-Fourth Edition, LIPS-R: Leiter International Performance Scale-Revised, ABLLS: Assessment of Basic Language and Learning
Skills, ABLLS-R: Assessment of Basic Language and Learning Skills-Revised, NVCSS: Non-verbal Communication Skills Scale, GARS-2: Gilliam Autism Rating Scale-Second Edition, SSIS:
Social Skills Improvement System, SRS: Social Responsiveness Scale, WM: Walker-McConnell Scale of Social Competence and School Adjustment, SVS: Social Validity Survey, CARS: Childhood Autism Rating Scale, CGI-S: Clinical Global Impression-Severity, RDLS: Reynell Developmental Language Scales, ACBC: Achenbach Child Behavior Checklist, WIAT: Wechsler Individualized Achievement Test, ELM: Early Learning Measure, FSQ: Family Satisfaction Questionnaire, ATEC: Autism Treatment Evaluation Checklist, C-PEP: Psychoeducational Profile,
ASSS: Autism Social Skills Scale, PedsQLTM: Pediatric Quality of Life Inventory Measurement Model
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Table 1. A summary of study characteristics

Applied Behavior Analysis for Autism

Performance and detection bias (blinding of participants,
personnel and outcome assessment)
As previously stated, blinding of participants and personnel was not possible in any of the included studies. And in all
studies, clinicians rating scales were blind to treatment allocation so these outcome measures were considered to have a
low risk of detection bias.
Attrition and reporting bias (incomplete outcome data
and selective outcome reporting)
Dawson et al.32 was considered to have a high risk of attrition bias due to the deletion of missing data from the study
analysis. The remainder of the included studies were deemed
to have complete outcome data. There was no evidence of selective outcome reporting in any of the studies included. Risk
of bias within studies is shown in Figure 2.

Outcome of general symptoms of ASD

Eleven studies reported the outcome of general symptoms
of ASD and we rated the overall quality of the evidence as
moderate.34-36,38-45 These studies reported 434 participants
(215 in the experimental condition and 219 in the control
condition). The overall standardized mean difference (SMD)

Other bias

Selective reporting (reporting bias)

Incomplete outcome data (attrition bias)

Selection bias (random sequence generation and allocation
concealment)
All of the included studies were performed with adequate
random sequence generation, either manually generated or
computer-generated. Dawson et al.32 used random permuted
blocks (Fourth Edition), while Li et al.,39 Yan et al.42 and
Kong et al.44 used randomized digital table. Dawson et al.,32
Gordon et al.,35 Hamdan et al.,37 Leaf et al.,38 Li et al.,39 Sallows et al.,40 Smith et al.,41 Yan et al.,42 Xu et al.43 and Kong et
al.44 performed adequate allocation concealment. The remainder of the included studies indicated that allocation
concealment was implemented, but did not provide sufficient
information about the concealment method.

Blinding of outcome assessment (detection bias)

Risk of bias within studies

Blinding of participants and personnel (performance bias)

Random sequence generation (selection bias)

all participants into three intervention groups. The patients in
immediate treatment group (ITG; five class groups, 26 children) received training immediately after baseline assessment.
The patients in delayed treatment group (DTG; six class
groups, 30 children) received training about 9 months later
and immediately after the second assessment. The patients in
no-treatment group (NTG; six class groups, 28 children) received no training. In this review, we only selected the patients in immediate treatment group and no-treatment group.
A summary of study characteristics can be found in Table 1.

Allocation concealment (selection bias)

Q Yu et al.

Estes et al.34
Grindle et al.36
Dawson et al.33
Dawson et al.32
Li et al.39
Yan42
Leaf et al.38
Gordon et al.35
Hamdan37
Sallows et al.40
Smith et al.41
Liu et al.45
Kong et al.44
Xu et al.43

Figure 2. Risk of bias within studies.

was d=-0.36 (95% CI -1.31, 0.58; Z=0.75, p=0.45) with no
significant difference between the experimental and control
conditions. There were high levels of heterogeneity across included studies (I2=94%). A forest plot illustrating these results was included in Figure 3.
A subgroup analysis was carried out on ABA-based intervention36,38,40-42 versus PECS intervention35,44,45 versus ESDM
intervention34,39,43 to compared the outcome of general symptoms of ASD. There was no significant difference in the effectiveness of interventions among ABA subgroup, ESDM subgroup and ESDM subgroup. In the ABA-based intervention
subgroup, the overall SMD was d=-0.12 (95% CI -1.34, 1.10;
Z=0.19, p=0.85) with on significant difference between experimental and control conditions.36,38,40-42 As the high levels
of heterogeneity existed, we found that the SDM reported by
Sallows et al.40 was an outlier. Therefore, we carried out a sensitivity analysis by removing the study of Sallows et al.40 So
www.psychiatryinvestigation.org 437
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Figure 3. Forest plots.

that the overall SMD in ABA-based intervention subgroup
was changed to 0.67 (95% CI -0.06, 1.29; Z=2.14, p=0.03) and
the difference between intervention and control conditions
was significant.
In the PECS intervention subgroup, the overall SMD was
d=-3.67 (95% CI -7.88, 0.54; Z=1.71, p=0.09).35,44,45 There were
no significant differences between experimental and control
conditions and the levels of heterogeneity among studies were
high (I2=98%). After conducting sensitivity analysis by removing the studies of Gordon et al.,35 Liu et al.45 and Kong et al.44
respectively, the insignificance between experimental and control groups remained (p=0.16; p=0.32; p=0.33).
In the ESDM intervention subgroup, the overall SMD was
d=-0.55 (95% CI -0.92, -0.17; Z=2.86, p=0.04) with significant difference between the experimental and control conditions.34,39,43 There was no significant heterogeneity across
studies (I2=0%, p=0.76).

Outcome of socialization

Six studies reported the outcome of socialization and we
rated the overall quality of the evidence as moderate.32-34,36,40,41
These studies reported 200 participants (101 in the experimental condition and 99 in the control condition). The overall SMD was d=0.11 (95% CI -0.31, 0.54; Z=0.52, p=0.60) and
there were moderate levels of heterogeneity across studies
(I2=55%, p=0.05). Since there was significant baseline imbalance [Mean (SD): Experimental group=-0.8 (4.7), Control
group=3.4 (5.7); d=-0.80, 95% CI -1.41, -0.18] in the study of
Dawson et al.,32 we performed sensitivity analysis by remov-
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ing this study. The sensitivity analysis altered the results in
terms of statistical significance between experimental group
and control group (Z=2.01, p=0.04) and heterogeneity among
studies (I2=0%, p=0.94). A forest plot illustrating these results
was included in Figure 3.
Subgroup analysis was also conducted to compare ABAbased intervention36,40,41 and ESDM intervention.32-34 It was
noted that there was no study used PECS or DTT intervention
to report outcomes of socialization. There was no significance
in the effectiveness of interventions between ABA subgroup
and ESDM subgroup. In the ABA-based intervention subgroup, there was no significant difference (p=0.60) between
experimental and control groups and its heterogeneity was
insignificant (I2=0%, p=0.81).36,40,41 In the ESDM intervention
subgroup, there was still no significance (p=0.90) between experimental and control conditions and there were moderate
levels of heterogeneity across studies (I2=78%, p=0.01).32-34 Although the study of Dawson et al.32 was regarded as an outlier
and was removed to conduct a sensitivity analysis, the insignificance between experimental and control conditions remained (p=0.13) with no significant heterogeneity among
studies (I2=0%, p=0.54).

Outcome of communication

Seven studies reported the outcome of communication and
we rated the overall quality of evidence as moderate.33,34,36,40,41,44,45
These studies reported 246 participants (122 in the experimental condition and 124 in the control condition). The overall
SMD was d=0.30 (95% CI -0.02, 0.61; Z=1.84, p=0.07) with no
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significance between experimental and control conditions.
There were low levels of heterogeneity across studies (I2=33%,
p=0.18).
Since Estes et al.’s34 study had significant baseline imbalance [Mean (SD): the experimental group=5.3 (20.2), the
control group=10 (17.2); d=-0.24, 95% CI -0.92, 0.43], we
performed a sensitivity analysis by removing Estes et al.’s34
study. The heterogeneity among studies decreased (I2=16%,
p=0.31) and the difference between experimental and control groups changed to be significant.
Among the seven studies that reported outcome of communication, three used ABA-based intervention,36,40,41 two
used ESDM33,34 and two used PECS.44,45 A subgroup analysis
to compare ABA versus ESDM versus PECS interventions
was conducted and differences among subgroups were insignificant (p=1.00). In ABA, ESDM and PECS subgroups, the
differences between experimental and control groups were
all insignificant (p=0.31, p=0.16, p=0.07). A forest plot illustrating these results was included in Figure 3.

Outcome of expressive language

Four studies reported the outcome of expressive language
and we rated the overall quality of evidence as moderate.33,35,40,41 These studies reported 150 participants (78 in the
experimental condition and 72 in the control condition).
Among the four studies, two used ABA-based intervention,40,41 one used ESDM33 and one used PECS.35 Thus, we
did not have adequate studies to carry out a subgroup analysis. Significant improvement was shown in the overall synthesis (p=0.01). The heterogeneity was significant (p<0.00001,
I2=97%). Since Gordon et al.’s35 study had significant baseline
imbalance [Mean (SD): experimental group=0.9 (0.2), control
group=7.5 (0.1); d=-41.62, 95% CI -49.79, -33.45], we performed sensitivity analysis by removing it. The sensitivity
analysis altered the result of heterogeneity (I2=0%, p=0.39). A
forest plot illustrating these results was included in Figure 3.

Outcome of receptive language

Three studies reported the outcome of receptive language
and we rated the overall quality of evidence as moderate.33,40,41
These studies reported 96 participants (52 in the experimental
condition and 44 in the control condition). Two of these studies chose ABA-based intervention40,41 and one chose ESDM
intervention.33 There was not significant heterogeneity across
studies (I2=0%, p=0.52) and we did not find significant effectiveness in the overall synthesis (p=0.84). A forest plot illustrating these results was included in Figure 3.

Outcome of adaptive behavior

Six studies reported the outcome of adaptive behavior and

we rated the overall quality of evidence as moderate.34,40,41,43-45
These studies reported 210 participants (106 in the experimental condition and 104 in the control condition). Among
the six studies, two used ABA-based intervention,40,41 two
used ESDM34,43 and two used PECS.44,45 The overall synthesis
indicated insignificance between experimental and control
conditions (p=0.93) with insignificant heterogeneity (I2=0%,
p=0.70). A subgroup analysis was conducted to compare the
effectiveness of ABA, ESDM and PECS and it showed that
there were no significant differences between experimental
and control conditions in each subgroup (p=0.78, p=0.29,
p=0.39). A forest plot illustrating these results was included
in Figure 3.

Outcome of daily living skills

Five studies reported the outcome of daily living skills and
we rated the overall quality of evidence as moderate.33,34,36,40,41
These studies reported 77 participants (36 in the experimental
condition and 41 in the control condition). Among the five
studies, three used ABA-based intervention36,40,41 and two used
ESDM.33,34 The overall SMD was d=0.31 (95% CI -0.22, 0.84;
Z=1.14, p=0.26) with no significant difference between the experimental and control conditions. As there were moderate
levels of heterogeneity among studies and Dawson et al.’s33
study showed significant baseline imbalance [Mean (SD): experimental group=-22.6 (11.9), control group=-28.8 (9.2)], we
conduct a sensitivity analysis by removing it. It was noted that
the heterogeneity among studies decreased (I2=18%) and the
differences between experimental and control groups remained insignificant (p=0.57). The subgroup analysis was
used to compare the effectiveness of ABA and ESDM, and
there were no significant differences between experimental
and control conditions in each subgroup (p=0.43, p=0.47). A
forest plot illustrating these results was included in Figure 3.

Outcome of IQ

Four studies reported the outcome of IQ and we rated the
overall quality of evidence as moderate.34,36,40,41 These studies
reported 116 participants (57 in the experimental condition
and 59 in the control condition). Three of these studies chose
ABA-based intervention36,40,41 and one chose ESDM intervention.34 The heterogeneity test showed insignificant differences
across studies (I2=0%, p=0.78) and no significant effectiveness
were found between experimental and control conditions in
the overall synthesis (p=0.87). A forest plot illustrating these
results was included in Figure 3.

Other outcomes

In terms of verbal IQ, nonverbal IQ, restricted and repetitive behavior, and motor and cognition, there was no signifiwww.psychiatryinvestigation.org 439
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cant difference in the effectiveness of interventions between
experimental and control conditions. We did not carry on
the following analysis because only two studies reported in
each outcome measure (p=0.56, p=0.65, p=0.30, p=0.32,
p=0.57). For the outcomes that only one study recorded, we
did not conduct any test with inadequate studies.

DISCUSSION
We performed a meta-analysis of ABA-based studies (ABA,
ESDM, PECS and DTT) in this study to investigate the overall effectiveness of the intervention programmers for children
with ADS, and we observed no significant effects for the outcomes of general symptoms of ASD, receptive language,
adaptive behavior, daily living skills, IQ, verbal IQ, nonverbal
IQ, restricted and repetitive behavior, motor and cognition.
However, significant effects were shown on socialization,
communication and expressive language.
This study compared three types of ABA-based interventions
(ABA, ESDM and PECS). Only one study reported relevant
outcomes of DTT so that we could not include it in subgroup
analysis. In ABA-based intervention subgroup and ESDM intervention subgroup, there were significant differences in the
effectiveness between experimental and control conditions
while PECS intervention not. ABA and ESDM did not have
significant differences in the effectiveness on socialization and
daily living skills. Additionally, all of ABA, ESDM, and PECS
had no significant differences in effects on communication and
adaptive behavior. As for other outcomes, there were not available studies to include in the analyses.
This study conducted a meta-analysis of ABA-based interventions (ABA, ESDM, PECS, and DTT) for children with
ASD. Although several meta-analyses have assessed intervention programs related to ABA, all of them only chose one type
of ABA-based interventions that could not comprehensively
reflect the effectiveness and some of them included non-randomized controlled trials so that it would introduce significant bias in the data analysis. Moreover, the quality of evidence for all outcomes were moderate, resulting in more
reliable evidence than that produced by previous studies.
The small number of available studies has been limited in
the ability to make inferences in comparing the four types of
ABA-based interventions and investigating each type of intervention’s strengths and weaknesses in terms of important outcomes. This review also neglected the influences of participant baseline levels and parent participation.
Regarding the outcome of autism general symptoms of ASD
in this study, we concluded that there was not enough evidence to support the effectiveness of ABA-based interventions
for treating ASD. However, the results of subgroup analysis
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suggested that there was possibility of effectiveness in ABA
subgroup and ESDM subgroup. A previous systematic review
also showed the similar result.46 In the previous review, three
types of interventions were targeted: 1) behavioral interventions-based essentially on learning theory and on ABA (limited to not only early intensive behavioral intervention, but also
included ABA programs derived from it; 2) social-communication focused interventions, targeting social communication
impairment, as the core symptom of ASD; 3) multimodal developmental interventions targeting a comprehensive range of
children’s development. In the subgroup analysis, the behavioral intervention subgroup included two studies that chose
ABA-based interventions and suggested that there was not
enough evidence to support the treatment effectiveness of
ABA-based interventions.47,48 One of the two studies was included in our meta-analysis41 and the other study was not included because its participants had no definite diagnosis of
ASD. Even though both the previous study and our study have
consistent conclusion, further study is still needed to accumulate evidence on the effect on general symptoms of ASD because of limited researches.
Regarding the outcomes of socialization, communication
and expressive language in this study, we concluded that there
was significant effectiveness of ABA-based interventions. The
results on daily living skills did not show significant effectiveness of ABA-based interventions on this outcome. The results
of Makrygianni et al.’s49 study were consistent with our study:
ABA-based interventions were moderately to very effective in
improving communication skills (Effect Size: g=0.650) and
expressive language skills (Effect Size: g=0.742), moderately
effective in improving socialization (Effect Size: g=0.444),
lowly effective in improving daily living skills (Effect Size:
g=0.138). The effect size (ES) in previous studies was one of
the indexes of magnitude and direction of the treatment effect.50-52 Specifically, ES constituted a quantitative assessment
of the magnitude and the power of a phenomenon.53 The type
of ES, used in the present study, was the standardized mean
change (ESchange) which expressed the difference between preand post-treatment measures. Hedges54 g was used to calculate the standardized mean change because it constituted a
conservative estimate. For the interpretation of ES, Cohen
provided Rules-of-Thumb suggesting that 0.2 represented a
small ES, 0.5 represented a medium ES and 0.8 represented a
large ES.51
Studies used quasi-experimental, within-subjects, and prepost design to evaluate the efficacy of ABA-based interventions
on ASD. The remaining studies used a quasi-experimental between-groups pre-post design, comparing the performance of
an experimental group, receiving ABA-based intervention
while a control group received an eclectic or “treatment-as-

Q Yu et al.

usual” intervention. Only two studies used a random experimental between- groups pre-post design and were included in
our meta-analysis.40,41 The outcomes in some studies were
based on an assessment of larger number of studies and used
more rigorous analyses to estimate mean effect sizes of each
outcome. However, due to the selection bias of the included
studies, larger sample randomized control trials are still needed.
For the outcomes of IQ, verbal IQ, nonverbal IQ, restricted and
repetitive behavior and motor, we did not find relevant studies
to compare and analyze.
The present study also demonstrated the insignificant effectiveness of ABA-based interventions for children with
ASD on receptive language, adaptive behavior and cognition,
which was consistent with the previous study.55 In the previous study, thirteen studies met the inclusion criteria and six
of them were randomized comparison trials with adequate
methodologic quality. Meta-analysis of 4 studies concluded it
when compared with standard care. ABA intervention programs did not significantly improve the cognitive outcomes
of children in the experimental group who scored a SMD of
0.38 (95% CI 0.09 to 0.84; p=0.11), for receptive language;
SMD of 0.29 (95% CI 0.17 to 0.74; p=0.22) or adaptive behavior; SMD of 0.39 (95% CI 0.16 to 0.77; p=0.20). Among
the four included studies, two studies were not eligible for
this review because they excluded children with ASD who
had an IQ score less than 5056,57 and the others were included
in this review.40,41 Thus, currently, there is inadequate evidence that ABA-based interventions have better outcomes
than standard care for children with ASD on receptive language, adaptive behavior and cognition.
Additionally, we found that long-term, comprehensive
ABA-based interventions were beneficial to lifelong development of children with ASD. In Virués-Ortega’s study, the results suggested that long-term, comprehensive ABA-based intervention led to (positive) medium to large effects in terms
of intellectual functioning, language development, acquisition
of daily living skills and social functioning in children with
ASD.58 Although favorable effects were apparent across all
outcomes, language-related outcomes (IQ, receptive and expressive language, communication) were superior to nonverbal IQ, social functioning and daily living skills, with effect
sizes approaching 1.5 for receptive and expressive language
and communication skills. Dose-dependent effect sizes were
apparent by levels of total treatment hours for language and
adaptation composite scores. In Roth et al.’s59 study, adolescents and adults with ASD were included and the results suggested that the behavioral interventions in the areas of academic skills, adaptive skills, problem behavior interventions
in the areas of academic skills, adaptive skills, problem behavior, phobic avoidance, social skills, and vocational skills had

medium-to-strong effect sizes. Medium-to-high confidence
in findings was noted for 81% of the studies in the meta-analysis; however, three-fourths of the reviewed studies did not
include treatment integrity, which may affect the ability to
draw conclusion about the effectiveness of the interventions.
Therefore, it is necessary for children with ASD to ensure
long-term adherence to treatment, for ABA-based interventions may have slower effect.
It was also noted that parental synchrony and sensitivity
played a role in helping mediators enhance the communication and social interaction of children with ASD60 and in the
effectiveness of enhancing children’s reciprocity of social interaction toward others not only in Aldred et al.61 and Green
et al.,62 but also in the other studies.63-67 However, our study
did not consider the influences of parental synchrony and
sensitivity, which should be improved in the further study.
This review suggested that the outcomes of socialization,
communication and expressive language may be promising
targets for ABA-based interventions involving children with
ASD. However, significant effects for the outcomes of general
symptoms of ASD, receptive language, adaptive behavior,
daily living skills, IQ, verbal IQ, nonverbal IQ, restricted and
repetitive behavior, motor and cognition were not observed.
The small number of studies included in the present study
were limited in the ability to make inferences when comparing ABA, ESDM, PECS and DTT interventions for children
with ASD and investigating the strengths and weaknesses of
each type of intervention in terms of important outcomes.
More methodologically rigorous researches will be necessary
to ascertain the precise potential of ABA-based interventions
for children with ASD.
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