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Abstract

Background: Autism spectrum disorder (ASD) is characterised by significant

impairment in social communication and the presence of restrictive and repetitive

behaviour or interest. Intervention during early childhood could decrease ASD

symptoms. We aimed to identify the most effective intervention based on

cognitive, developmental, and behavioural approaches and the factors that impact

the effectiveness of the intervention.

Methods: We performed a systematic review and meta-analysis of existing

interventions for ASD in preschool-aged children. Electronic databases were

searched for related articles with randomised controlled trial (RCT) designs

published between 2001 to 2015. Outcome measures were communication,

behavioural and cognitive skills, reported as standardised mean differences

(SMD) compared to a control group. A Random-effects model was utilised to
.e00763
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calculate the pooled estimate effect. Between-study variability was also assessed.

The registering number of this study is CRD42017035354.

Findings: Out of the initial 5174 studies that were identified, there were 14 RCTs

(746 children) that were included in the final systematic review and meta-analysis.

Pooled estimate effect provided by random-effects model was 0.23 (95% confidence

interval, CI [0.08e0.37]) with no between-study heterogeneity (I2 ¼ 0.00%, p ¼
0.0018). Three studies of music therapy interventions provided the greatest

outcome effects with a shorter duration and lower intensity. SMD for music

therapies ranged from 0.40 to 0.62 with 95% CI [0.22 to 1.85]. The quality of

the health care provider, the duration, and the intensity of intervention played an

important role in the effectiveness of the intervention.

Interpretation: Music therapy appears to be an effective tool for improving social

interaction in preschool-aged children with ASD. However, more evidence-based

trials are required to further validate the effectiveness of music therapy in ASD.

Keywords: Education, Psychiatry

1. Introduction

Autism Spectrum Disorder (ASD) is a syndrome which is characterised by persistent

significant impairment in social interaction and social communication, as well as the

existence of restrictive and repetitive behaviour, interests, or activities [1]. The over-

all prevalence of ASD is one in 59 children [2] and one in 100 adults [3]. People with

ASD have poor social integration and independence, and they require special sup-

port for education, living arrangements, and employment [4]. Adolescents with

ASD suffer from poor companionship and loneliness [5] such that 47.7% of affected

individuals develop poor outcomes in adulthood [6]. In some individuals with high

functioning ASD, symptoms may go unrecognised in early life, and the individual

may be regarded as rigid, complicated, or odd because of their poor social compe-

tence. Such situations can lead to chronic interpersonal crisis, anxiety, social with-

drawal, and depression in later life [7]. In fact, these undesirable adulthood

outcomes are due to the problems associated with ASD in childhood.

Many aspects of social abilities, including the theory of mind (ToM), develop during

the first four to five years of life [8]. The ToM is the ability to recognise and attribute

mental states such as thoughts, perceptions, desires, intentions, feelings about one-

self and others and to understand the effects of these mental states on one’s behav-

iour. Atypical development of such abilities may occur in people with Asperger’s

syndrome, and autism [9]. The changes have been linked to the early maturation

of brain mechanism that plays an important role in developing language [10, 11],

working memory [12], executive functioning for the cognitive control of behavior

[13], and joint attention (JA) for social skill [14]. JA is the ability to engage in the
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referential triangle of self, social partner, and external object or event by jointly

participating and responding to a social interaction. It is also a human-specific capac-

ity that underlines ToM [15].

Therefore, interventions that target early childhood should produce favourable out-

comes for individuals with ASD [16, 17, 18]. However, no single intervention was

universally effective for all children with ASD [19]. In previous review articles, re-

searchers found that the Treatment and Education of Autistic and Communication

Handicapped Children (TEACCH) program, Developmental Individualized Rela-

tionship (DIR) based interventions, the intensive University of California, Los An-

geles (UCLA)/Lovaas-based interventions, the Learning Experiences and Alternate

Programs for Preschoolers and their parents (LEAP) program, and Early Start Den-

ver Model (ESDM) showed more beneficial outcomes and effects compared to other

parent training and comprehensive intervention approaches [20, 21, 22, 23]. Due to

the inability to assess the effectiveness of individual study, researchers have not clar-

ified which intervention is superior among the various treatment strategies for ASD.

In a comprehensive review for ASD in children, youth, and young adults, re-

searchers have identified evidence-based practices (EBP) which included behaviou-

ral, developmental, and educational approaches for children and young adults

ranging in age from birth to 22 years old. Outcomes of the studies have been related

to changes in communication, social skills, challenging behaviours, play and school

readiness skills, pre-academic and academic skills, adaptive and self-help skills, JA,

motor, cognitive, and vocational skills of affected individuals with ASD. Knowledge

of existing approaches for ASD was available in that previous study. However, re-

searchers did not calculate the effect sizes (ES) to explore the relative strength of in-

terventions [24]. Here, evidence obtained from a meta-analysis of several

randomised controlled trials (RCTs) could be ranked as the first level of evidence-

based information [25]. Therefore, in the present study, we aimed to identify the

most effective cognitive, developmental, and behavioural interventions for ASD

in preschool-aged children as well as the factors that affect the effectiveness of in-

terventions by systematically reviewing of RCTs and conducting a meta-analysis.
2. Main text

2.1. Methods

2.1.1. Search strategy and selection criteria

We conducted a systematic review and meta-analysis guided by Preferred Reporting

Items for Systematic Review and Meta-analyses (PRISMA) guidelines [26] (Appen-

dix A). Given that the literature search was conducted in February 2016, the time-

frame of published articles was from January 2001 to December 2015 for the

purpose of defined publication period and for ensuring researchers’ effort of data
on.2018.e00763
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handling. There were no language restrictions; however, the study population

included only preschool-aged children with ASD (e.g., children aged 1 to

6 years old). Only RCTs with human subjects were considered. Additionally, to

be included in the meta-analysis, the interventions needed to focus on the core char-

acteristics of ASD such as communication and social interaction deficits, restrictive

and repetitive behaviour, and language skill deficit. In contrast, studies that focused

on parental or caregiver outcomes rather than the outcomes of children, studies

that emphasised strictly medical problems, and studies that evaluated medication ef-

fects were excluded. The following search engines were utilised: the Cumulative

Index to Nursing and Allied Health Literature (CINAHL), Medical Literature Anal-

ysis and Retrieval System Online (MEDLINE), Psychological Information

Database (PsycINFO), Web of Science, and Education Resources Information

Centre (ERIC).

Search terms included “Autism Spectrum Disorder,” “Childhood,” “Children,” “Pre-

school Children,” “Treatment,” and “Education.” Those terms were used both sepa-

rately and together with other variations such as “autism” and “intervention”

(Appendix B). The first author conducted the initial article screening, and confirmation

was performed through a discussion with the second author. Agreement for full article

reviewwas performed by both authors. Hand searching of related articles and checking

the bibliographies of retrieved studies were carried out simultaneously. Corresponding

authors of included articles were contacted by electronic mail to obtain complete data

for the meta-analysis. The authors designed a standardised form to retrieve necessary

information, which included the study characteristics, outcome, and risk of bias. The

first author performed the data extraction and assessed the quality of included studies

using the Cochrane risk of bias assessment tool [27], which was verified by the second

author. To assess the empirical evidence for determining whether the study could be

considered as EBP, the “Evaluating method for determining evidence-based practices

in autism”was applied [28]. The reliability of the literature search was checked by one

external reviewer (kappa ¼ 0.83, perfect agreement).
2.1.2. Analysis

Studies that reported continuous outcomes on core deficits of ASD were included in

this review. The included studies used different outcome measures for different in-

terventions, none of which were common to all trials. Therefore, the Standardised

Mean Difference (SMD; Cohen’s d) and its 95% Confidence Interval (CI) of each

outcome measure was calculated. Then, the mean effect (Hedges’ g) was calculated

to reduce measurement error by taking between-scale correlation into account. For

the studies that assessed the outcome results at different time period (i.e., in-

between intervention, post-intervention and follow-up), the results from the longest

assessment period were retrieved for final evaluation.
on.2018.e00763
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A random-effects model was utilised for the assumption that the included studies

represent a mere random sampling of the larger population of studies that could

have been conducted on ASD children [29]. We also considered that the type of in-

terventions and outcome measures varied among studies, and the true effect would

be most likely varied from one study to the next. The meta-analysis was performed

using the statistical software RStudio (version 1.0.143) [30] with Metafor-package,

as it is a comprehensive collection of functions for calculating various ESs and

outcome measures for the random-effects model. This software can also create

meta-analytical plots (e.g., forest, funnel plots) [31]. The basic meta-analysis func-

tion rma() was filled with variables (SMD, Variance), data frame, and the “DL”

(random-effects using the DerSimonnian-Laird estimator) to measure the heteroge-

neity in SMD and to estimate the between-study variability. Weights of studies were

also used to know the contribution of each study on overall estimate effect. In addi-

tion, a forest plot was generated to summarise the effectiveness of studies based on

the between studies heterogeneity. Publication bias was tested by examining the fun-

nel plot. This study is registered with PROSPERO, number CRD42017035354.
2.2. Results

We initially identified 5174 studies that related to ASD in preschool-aged children

that were published between January 2001 and December 2015. Most of these

studies were observational studies, non-randomised intervention trials, and investi-

gations assessing the effectiveness of medications. After excluding ineligible

studies, 22 studies were left for full-text review. Among them, eight studies were

excluded because they assessed randomised comparison trials without a control

group (n ¼ 5), nutritional therapy (n ¼ 1), the economic effect of intervention (n

¼ 1), and electroencephalogram status of children rather than core characteristics

of ASD (n ¼ 1; Appendix C). The final sample included 14 RCTs for the systematic

review and meta-analysis (Fig. 1). The total number of children involved in these

RCTs was 746 (416 in intervention groups and 330 in control groups) and included

72% boys and 14% girls. Three studies did not provide gender information about

their participants. Twelve studies had a low risk of bias, and two studies had a

high risk of bias. Random sequence generation and allocation concealment were re-

ported in ten studies. All studies were free from selective reporting and incomplete

outcome data. Ten studies attempted for high fidelity of treatment among interven-

tion providers while 12 studies could make outcome assessment by blinded

personnel (Appendix D). Despite this, only one study could perform masking of

health care providers and participants because of the complex nature of the interven-

tion. The reporting of inter-observer agreement in all studies was unclear, and the

quality indicators of the included studies for EBP could be rated as strong and

adequate (Appendix E). According to the symmetrical funnel plot, publication
on.2018.e00763
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Total references identified by literature search: 
5523 

Web of Science: 4872 
PsycINFO: 569 

CINAHL+MEDLINE: 68 
ERIC: 10 
Others: 4

5174 studies screened

349 duplicates removed

22 full-text studies assessed for eligibility

5152 excluded 
   2816 observational studies 
   645 review articles 
   583 studies emphasizing 
parents,   
   teachers and caregivers of ASD  
   children   
   321 non-randomized control 
trials   

305 medication studies

14 studies included in systematic review and meta-
analysis

8 excluded 
  5 randomized comparison trials 
  1 nutritional therapy 
  1 study evaluated economic 
effect 

EEG: Electroencephalogram

Fig. 1. Flow of information through the literature search.
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bias was not apparent although the estimate effects were scattered in the middle of

the plot (Appendix F).

Intervention providers were specialist therapists and trained professional (n ¼ 9),

parents (n ¼ 3), teachers (n ¼ 1), and parents and teachers together (n ¼ 1). The

duration of the interventions lasted from two weeks to two years, and the mean inter-

vention duration was 7.5 months. The intensity of the intervention ranged from 30

minutes (min) per week to 600 min/week with a mean intensity of 153 min/week.

Outcome assessments were performed in-between intervention (n ¼ 3), post-

intervention (n ¼ 14), at Time 1 follow-up (n ¼ 3), and at Time 2 follow-up (n ¼
on.2018.e00763
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Table 1. Description of study characteristics and effectiveness of interventions.

Study (Author/Year/
Country)

Risk of bias Age of children Intervention focused
problem

Type of intervention Intervention
approach

Outcome measures and
ES (Cohen’s d)

Overall effectiveness
(SMD/95% CI)

Hardan et al. 2015,
USA

Low 2 to 6 years Communication
deficit

Pivotal response
training

ABA SLO (0.59), Vineland
(0.34), MBCDI (0.14),
PLS (0.54)

0$14 (�0$44 to 0$72)

Siller et al. 2014, USA Low 2 to 6 years Communication and
language skill deficits

Focused playtime
intervention

Developmental MPCA (0.55), Observed
attachment behaviors
(0.41), PCSB (0.21), AB
(0.50)

0$41 (�0$03 to 0$98)

Tong et al. 2014,
Australia

Low 2.5 to 5 years Adaptive behavior (1) PEAC, (2) PEBM Cognitive and
behavioral

PEAC group: VABS
(communication (�0.56),
daily living (�0.14),
social (�0.27), motor
(�0.31)) DBC (ASA
(0.11), TBPS �0.26)
CARS (0.22), PEP-R DQ
(�0.53), RDLS
comprehension (�0.76),
RDLS expression (�0.58)
PEBM: VABS
(communication (0.10),
daily living (0.46), social
(0.36), motor (0.46)) DBC
(ASA (�0.22), TBPS
(�0.40)) CARS (�0.44),
PEP-R DQ (0.17), RDLS
comprehension (�0.24),
RDLS expression (�0.06)

(1) �0$31 (�0$82 to
0$20) (2) 0$02

(�0$48 to 0$52)

Thompson et al. 2014,
Norway

High 36 to 60 months Social engagement In home FCMT Developmental VSEEC (1.96), SRS-PS
(�0.43), MBCDI (0.26),
PCRI (0.80)

0$62 (�0$22 to 1$54)

Ingersoll, 2012, USA Low 27 to 47 months Imitation skill Reciprocal imitation
training

Developmental and
behavioral

ESCS (0.42), Social
emotional scale (0.89),
MIS (0.79), Unstructured
imitation assessment
(0.72)

0$68 (�0$08 to 1$48)

(continued on next page)
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Table 1. (Continued )
Study (Author/Year/
Country)

Risk of bias Age of children Intervention focused
problem

Type of intervention Intervention
approach

Outcome measures and
ES (Cohen’s d)

Overall effectiveness
(SMD/95% CI)

Aldred et al. 2012,
UK

Low 2 to 5 years Social interaction and
communication
deficits

Manualized parent-
mediated intervention

Developmental Parent synchrony (0.95),
ADOS social
communication algorithm
(�0.78)

0$08 (�0$69 to 0$86)

Kaale et al. 2012,
Norway

Low 29 to 60 months Communication
deficit

Joint attention Developmental and
behavioral

JA during ESCS (0.04),
JA during teacher-child
play (0.44), JA during
mother-child play (0.37)

0$16 (�0$35 to 0$64)

Lim & Draper, 2011,
USA

Low 3 to 5 years Communication
deficit

(1) Music
incorporated ABA
VB, (2) Speech
incorporated ABA VB

ABA Music incorporated ABA
VB:
VPES (0.63)
Speech incorporated ABA
VB:
VPES (0.51)

(1) 0$60 (0$09 to
1$85) (2) 0$49 (0$28

to 2$09)

Casenhiser et al. 2011,
Canada

Low 2 to 5 years Social interaction and
communication
deficits

DIR based
intervention

Developmental CBRS: Attention to
activity (0.69),
Involvement (0.87),
Compliance (0.51),
Initiation for JA (1.02),
Enjoyment in interaction
(0.63)

0$52 (�0$04 to 1$09)

Green et al. 2010, UK Low 2 to 5 years Communication
deficit

Parent-mediated
PACT

Developmental ADOS (�0.14), PLS:
receptive (�0.20), PLS:
expressive (�0.03),
Parent CSBS-DP (�0.30),
Parent MCDI: receptive
(0.09), Parent MCDI:
expressive (0), Teacher
Vineland:
Communication (0.48),
Teacher Vineland:
adaptive behavior
composite (0.33)

0$03 (�0$26 to 0$38)

Dawson et al. 2010,
USA

Low 18 to 30 months Adaptive behavior ESDM Developmental and
behavioral

MSEL (0.52), VABS
(0.66), RBS (�0.35)

0$45 (�0$14 to 1$04)

(continued on next page)
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Table 1. (Continued )
Study (Author/Year/
Country)

Risk of bias Age of children Intervention focused
problem

Type of intervention Intervention
approach

Outcome measures and
ES (Cohen’s d)

Overall effectiveness
(SMD/95% CI)

Kasari et al, 2008,
USA

Low 3 to 4 years Communication
deficit

(1) Joint attention, (2)
Symbolic play

ABA and
developmental

JA group: JA initiation
composite (0.99), JA
responses (0.17), Child-
initiated JA (0.85),
Mother-initiated JA (0.74)
SP group: JA initiation
composite (1.12), JA
responses (0.37), Child-
initiated JA (0.63),
Mother-initiated JA (0.25)

(1) 0$38 (�0$24 to
1$11) (2) 0$64

(�0$06 to 1$37)

Kim et al. 2008,
Korea

High 3 to 5 years Communication
deficit

Improvisational music
therapy

Inherent and
communicative
musicality

PDDBI (0.16), ESCS
(0.63)

0$40 (0 to 0$78)

Rickards et al. 2007,
Australia

Low 3 to 5 years Cognitive
development and
behavior

Home-based
intervention

Cognitive
developmental and
behavioral

IQ (0.35), BRS (0.40),
BSQ (�0.02), PBCL
(�0.68), VABS (0.25)

0$06 (�0$45 to 0$71)

AB: Avoidant behavior scale, ABA: Applied behavioral analysis, ADOS: Autistic diagnostic observation schedule, ASA: Autism disorder screening algorithm, BRS: Behavior rating scale, BSQ:
Behavior screening questionnaire, CBRS: Child Behavior Rating Scale, CI: Confidence interval, CSBS-DP: Communication and Symbolic Behavior Scales Developmental Profile, DBC: Devel-
opmental behavior checklist, DIR: Developmental individualized relationships-based intervention, ES: Effect Size, ESCS: Early social communication scale, ESDM: Early start Denver model,
FCMT: Family centered music therapy, JA: Joint attention, MBBCDI: MacArthur-Bates communicative development inventories, MIS: Motor imitation scale, MPCA: Maternal perception of child
attachment questionnaire, MSEL: Mullen scale of early learning, MTDA: Music therapy diagnostic assessment, PACT: Preschool autism communication trial, PBCL: Preschool behavior checklist,
PCRI: Parent-child relationship inventory, PCSB: Proximity/Contact seeking behavior scale rated based on the separation-reunion episode, PDDBI: Pervasive developmental disorder behavior
inventory, PEAC: Parent education and counseling, PEBM: Parent education and behavior management, PLS: Preschool language scale, RBS: Repetitive behavior scale, SLO: Structured laboratory
observation, SMD: Standardized mean difference, SRS-PS: Social responsiveness scale preschool version for 3-years-olds, TBPS: Total behavior problem score, VABS: Vineland adaptive behavior
rating scales scaled score, VB: Verbal behavior, Vineland: Vineland adaptive behavior scales, VPES: Verbal production evaluation scale, VSEEC: Vineland social-emotional early childhood scales.
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1). Descriptions of the study characteristics, outcome measuring instruments, and the

effectiveness of each intervention in SMD are explored in Table 1.

Researchers in the included interventions greatly emphasised communication and

social interaction deficit as these are more common problems than other domains

(n ¼ 12). There were fewer studies that emphasised restrictive and repetitive behav-

iour (n ¼ 2). Communication-focused trials used PRT, focused playtime interven-

tion, in-home family-centered music therapy (FCMT), reciprocal imitation

training (RIT), manualized parent-mediated and video-aided intervention, JA inter-

vention, music-incorporated applied behavioural analysis-verbal behaviour (ABA

VB), speech-incorporated ABA VB, DIR-based intervention, parent-mediated pre-

school autism communication trials (PACT), symbolic play (SP), ESDM, and

improvisational music therapy [32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43]. Trials

aimed for improving the adaptive behaviour of children examined the impact of

parent education and counselling (PEAC), parent education and behaviour manage-

ment (PEBM), and home-based interventions [44, 45].

Across all studies, the pooled estimate effect provided by a random-effects model

was 0.23 (95% CI [0.08e0.37]). There was no evidence for between-study heteroge-

neity (I2 ¼ 0.00%, T2, p ¼ 0.0018; Fig. 2). Studies with largest ES were RIT (SMD

0.68, 95% CI [0.08 to 1.48]) [35], SP (SMD 0.64, 95% CI [�0.06 to 1.37]) [41], and

in-home FCMT (SMD 0.62, 95% CI [�0.22 to 1.54]) [34]. All interventions were

provided by professionals. Duration ranged from 1.5 months to 4 months, and the

intensity of the interventions was from 30 min/week to 210 min/week. RIT
Study Intervention Control Weights SMD (g)
(n/N) (n/N)

1 Hardan et al 27/53 26/53 7.18% 0.14 [-0.48, 0.76]
2 Siller et al 36/70 34/70 3.88% 0.41 [-0.11,0.93]
3 Tong et al, PEAC* 29/87 32/87 3.35% -0.31 [-0.83, 0.21]
4 Tong et al, PEBM* 26/87 32/87 7.18% 0.02 [-0.50, 0.54]
5 Thompson et al 12/23 11/23 2.52% 0.62 [-0.26, 1.50]
6 Ingersoll 14/27 13/27 2.39% 0.68 [-0.10, 1.46]
7 Aldred et al 14/28 14/28 6.29% 0.08 [-0.70, 0.86]
8 Kaale et al 34/61 27/61 3.14% 0.16 [-0.36, 0.68]
9 Lim & Draper, MI ABA VB*† 11/22 11/22 3.14% 0.60 [-0.28, 1.48]
10 Lim & Draper, SI ABA VB*† 11/22 11/22 2.51% 0.49 [-0.41, 1.39]
11 Casenhiser et al 25/51 26/51 5.03% 0.52 [-0.03, 1.07]
12 Green et al 77/152 75/152 7.18% 0.03 [-0.31, 0.37]
13 Dawson et al 24/45 21/45 10.06% 0.45 [-0.14, 1.04]
14 Kasari et al, JA* 20/58 17/58 16.76% 0.38 [-0.33, 1.09]
15 Kasari et al, SP* 21/58 17/58 5.03% 0.64 [-0.12, 1.40]
16 Kim et al 5/10 5/10 7.18% 0.40 [-0.22, 1.02]
17 Rickards et al 30/59 29/59 7.18% 0.06 [-0.46, 0.58]

Total 416/746 330/746 100%

Random effect model: 0.23 [0.08, 0.37]

favor control favor intervention

Fig. 2. Effectiveness of interventions based on standardized mean difference (Hedges’ g). MI ABA VB

¼ Music incorporated applied behavioral analysis verbal behavior. PEAC ¼ Parental education and

counseling. PEBM ¼ Parental education and behavioral management. SI ABA VB ¼ Speech incorpo-

rated applied behavioral analysis verbal behavior. SMD ¼ Standardized mean difference. g ¼ Hedges’ g.

*Studies compared two intervention trials with one control group. They have common control group and

so the number of participants in control group for both interventions was same. For this reason, the total

number of population was different from individual study to combined studies. yStudy used no interven-

tion period for control condition. Therefore, number of participants in two interventions and control

group was same. Heterogeneity: I2 ¼ 0.00%, T2 ¼ 0, p ¼ 0.0018.
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emphasised on the imitation skill whereas SP focused on language skill and FCMT

based on reciprocal interaction. All were aimed for developing social engagement of

ASD children. Even though RIT produced the largest SMD, it was a pilot study and

investigators could not continue with a larger trial [35]. Similarly, SP provided inter-

vention only for 13.5 months, and outcome measures were assessed at six months

and 12 months follow-up. Longer duration between intervention period and assess-

ment time could lead to a maturation effect. In contrast, FCMT could produce a larger

effect within the lowest intensity (30 min/week) and shorter duration (four months)

[34]. Other musical interventions produced preferable ES (SMD 0.60, 95% CI [0.09

to 1.85]) compared with parallel intervention; speech-incorporated ABA VB (0.49,

95% CI [0.28 to 2.09]) [38]. Improvisational music therapy based on inherent and

communicability of children also produced large ES (SMD 0.40, 95% CI [0 to

0.78]) [42]. Other trials that produced preferable ES were DIR-based intervention

(SMD 0.52, 95% CI [�0.04 to 1.09]) [39], PACT (SMD 0.45, 95% CI [�0.14 to

1.04]) [40], and focused playtime intervention (0.41, 95% CI [�0.03 to 0.98])

[33]. DIR-based intervention and PACT approach were provided by specialist ther-

apists and duration of both interventions was 12 months with the intensity of 60 min/

week and 210 min/week. In contrast, focused playtime intervention was provided by

parents with the intensity of 90 min/week within a three-month period.

In decreasing order of ES, there were JA interventions (SMD 0.38, 95% CI [�0.24 to

1.11] [41] and SMD 0.16, 95% CI [�0.35 to 0.64]) [37], PRT (SMD 0.14, 95% CI

[�0.44 to 0.72]) [32], parent-mediated communication-focused treatment (SMD

0.08, 95% CI [�0.69 to 0.86]) [36], home-based intervention (SMD 0.06, 95% CI

[�0.45 to 0.71]) [45], PACT (SMD 0.03, 95% CI [�0.26 to 0.38]) [40], and two par-

allel interventions for adaptive behaviour; PEAC and PEBM (SMD -0.31, 95% CI

[�0.82 to 0.20] for PEAC and SMD 0.02, 95% CI [�0.48 to 0.52] for PEBM)

[44] respectively. In JA intervention with low ES [37], preschool teachers involved

as intervention providers over two months period with the intensity of 100 min/

week while another JA approach that produced larger ES used trained graduates

[41] as care providers. One common characteristic of studies that produced lower ef-

fects involved parents [32, 33, 43, 45] and teachers [37, 45] as care providers. Deliv-

ering interventions by trained and specialist therapists produced larger ES and not all

interventions that provided high intensity could develop more effective results. In

summary, the quality of care provider, as well as the duration and intensity of the in-

terventions, could be considered as situational factors that influence the effectiveness

of cognitive, developmental, and behavioural approaches for children with ASD.
3. Conclusions

The purpose of our study was to identify the most effective interventions for

preschool-aged children with ASD based on cognitive, developmental, and
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behavioural approaches and to explore the factors that may impact the effectiveness

of the intervention. All studies reviewed were RCTs, and most of them were high-

quality designs. Meta-analysis through use of the random-effects model suggested

favourable outcomes to interventions included improving the communication and

social interaction of children. Studies that emphasised restrictive and repetitive

behaviour were limited, and the two studies that assessed these deficits produced

lower effects. We have found that RIT, SP, and music therapy showed the largest

effects for improving the communication and social interactions of affected children.

The quality of the care provider, duration of the intervention, and intensity of the

intervention were discovered as influencing factors for effective intervention out-

comes. Since RIT was a pilot study and the SP produced larger effect over a longer

period of intervention, we concluded that music therapy was the most effective inter-

vention with shorter duration and lower intensity of intervention.

Three studies assessed the effectiveness of music therapy intervention by using the

approaches of developmental [34], behavioural [38], and the inherent communica-

tive ability of children [42]. The children in these studies were three to five years

old, and the major improvements were reported in the areas of the parent-child rela-

tionship [34], speech and language production [38], JA behaviours, and non-verbal

social communication [42]. Our finding is consistent with a Cochrane review, which

assessed the effects of music therapy for people with ASD and concluded that music

therapy might help increase social adaptation skills in children with ASD and pro-

mote the quality of parent-child relationships [46]. In that study, music therapy

was superior to the control group in terms of social interaction which included

non-verbal communicative skills, verbal communication skills, and social-

emotional reciprocity.

The World Federation of Music Therapy defined music therapy as the professional

use of music and its elements as an intervention in medical, educational, and

everyday environments with individuals, groups, families, or communities who

seek to optimise their quality of life and improve their physical, social, communica-

tive, emotional, intellectual, and spiritual health and wellbeing [47]. Listening to

well-known songs, playing musical games, and making improvised music could

be included in a typical music therapy session [48]. Despite this, in the state guidance

documents of USA published in 2010 for young children with ASD, music therapy

was not recommended as a primary intervention while PRT, PECS, and other well-

known approaches were mentioned as acceptable therapies [49]. The lack of recom-

mendations for music therapy could be due to the inadequate scientific evidence of

its effectiveness.

Similarly, there were preliminary results that favour evidence-based behavioural

intervention such as PRT for ASD children. Recent reviews have provided empirical

support for PRT through the neuroimaging evidence of affected children [50],
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analysing the results of meta-analysis [51], and systematically reviewing published

articles [52]. The small sample size of included studies, single case study designs,

lack of comparison group, and the wide range of age group led to inconclusive result

for ensuring the effectiveness of PRT in preschool-aged children with ASD. Similar

patterns have been found in the reviews that evaluate diverse disciplines and the

wide range of views regarding the empirical and theoretical bases of naturalistic

and ABA approaches for ASD [53, 54]. Although complete explorations of existing

studies were appreciable, the lack of comparative evaluations of different programs

limits hinder the universal agreement of reviews.

In our review, we identified and compared various interventions using cognitive,

developmental, and behavioural approaches for ASD children. Among them, three

different studies of music therapy intervention produced beneficial effects in focused

areas of the core ASD symptoms. Music therapy may be effective through the use of

behavioural, biomedical, developmental, educational, humanistic, adaptive music

instructions and other models [55]. In this study, music therapy interventions used

developmental, behavioural, and inherent communicative musicality approaches.

In fact, music has been found to be a stimulant for the human capacity in the brain

[56]. Engaging in musical stimuli for therapeutic purposes could provoke a founda-

tion for practising social skills such as social interaction, and JA [57]. Similarly mu-

sic has a strong connection with ToM [58], and it might also impact JA [59].

Here, we need to consider some situational factors that may influence the results of

treatment. In the current review, intervention delivery by trained therapists who were

professionally supervised by experts produced better outcomes than intervention

provided by parents and teachers. In addition, the longer duration of treatment

and increased intensity did not usually produce better outcome especially in JA

[41], ESDM [43], and home-based interventions [45]. This finding was consistent

with one previous trial that assessed the efficacy of interventions for improving

feeding difficulties in children with ASD [60]. Its conclusions were contrary to pre-

vious recommendations that longer duration and increased intensity are basic prin-

ciples for effective intervention [24, 49]. Although we also found some contrary

evidence, the best timing and intensity of intervention were beyond the scope of

our review. We would like to propose that the quality of the intervention provider,

duration, and intensity of intervention are influencing factors for effective interven-

tion. To use music therapy in clinical practice, more evidence-based results with

larger samples are necessary to ensure and confirm the effectiveness of music ther-

apy. According to our results, children with ASD should be treated flexibly in terms

of the duration and intensity of therapy, and they should be cared for as normally

developing children.

Our study has several limitations. First, the comparative evaluation of a broad range

of interventions inevitably produced scattered outcome measures, and it was difficult
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to draw precise conclusions by meta-analysis. Second, we only searched the pub-

lished articles and related literature, so did not search grey materials and unpublished

data. Finally, specifying a definite publication period overlooked articles that were

published before 2001 and after 2015. Despite these limitations, our study could

identify the most effective intervention among the existing widely treatment ap-

proaches for pre-schoolers. Including only RCTs for our review process ensures

the validity of this study, and by focusing on specific age group, we were able to

reduce the inconsistency of sample population.

The evidence from this review suggests the further need for developing intervention

strategies that focus on the restrictive and repetitive behaviour of children with ASD.

Focusing on behavioural problems and simultaneously supporting communication

and social interaction are hypothesised to represent comprehensive and successful

therapy for affected children. Sequential study of systematic review and meta-

analysis are also encouraged to clarify the strongly evidence-based practice for

preschool-aged children with ASD.
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