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Abstract

Background Although spoken-language deficits are
not core to an autism spectrum disorder (ASD) di-
agnosis, many children with ASD do present with
delays in this area. Previous meta-analyses have
assessed the effects of intervention on reducing au-
tism symptomatology, but have not determined if in-
tervention improves spoken language. This analysis
examines the effects of early interventions on spoken-
language in children with ASD.

Method A systematic review of 1756 studies of children
with ASD who participated in early intervention
resulted in the inclusion of 26 studies in the current
review. These studies included 1738 participants with
ASD who were, on average, 3.3 years old (SD=0.91).
Results  'This random-effects meta-analysis of
spoken-language outcomes for children with ASD
who received early intervention as compared with
usual treatments yielded a significant overall mean
effect size of g=0.26 (CI=o0.11 to 0.42). On average,
children with ASD significantly increased their use of
spoken-language following experimental early inter-
ventions. Treatments delivered simultaneously by a
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clinician and a parent resulted in greater gains in
spoken-language than treatments delivered by a cli-
nician or parent only. No other participant or study
characteristics predicted individual-study effect sizes.
Conclusions Early intervention improves spoken-
language outcomes for children with ASD, and the
largest effects are found when both parent and clini-
cian implement the intervention. Recommendations
for practice include adding systematic parent training
to interventions for spoken language to potentially
improve outcomes. Future research should report
standard language measures as well as child (cognitive
ability and socio-economic status) and intervention
characteristics to improve evidence related to the ef-
fects of interventions on spoken communication in
children with ASD.

Keywords autism, early intervention, language,
meta-analysis, parents, systematic review

Early intervention effects on spoken-language
outcomes for children with autism: a
systematic review and meta-analysis

Autism spectrum disorders (ASD) are defined by a
significant delay in social communication and by the
presence of repetitive behaviours and restricted
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interests (American Psychiatric Association, 2013).
The core deficits of ASD, by definition, do not specify
deficits in spoken-language development. Yet, 50% of
children with ASD do not develop useful speech by age
three (Tager-Flusberg and Kasari, 2013), and at least
30% of all children with ASD will remain minimally
verbal following early interventions (Anderson et al.,
2007). It is critical to better understand the effects of
early interventions that target spoken-language given
that developing useful speech by age 5 is a significant
predictor of long-term language and communication
outcomes for children with ASD (Howlin, 2005;
Tager-Flusberg and Kasari, 2013).

Predictors of long-term spoken-language outcomes
for children with ASD include the following: initiating
joint attention, receptive language, object interest and
imitation skills (Smith ez al., 2007; Thurm ez al., 2006;
Toth ez al., 2006; Watt et al., 2006). Additionally,
specifically teaching play and joint attention skills has
resulted in better language outcomes (Kasari ez al.,
2008). Given the range of skills associated with spoken-
language development, the majority of interventions
have taken one of two approaches to improving spoken-
language: targeted or comprehensive. A zargeted
approach focusses on teaching pre-linguistic and
communication skills. Interventions that specifically
teach speech, receptive language, productive language,
pre-linguistic communication or social use of
communication may be considered targeted.

Comprehensive interventions teach a broad set of skills
that are directly or indirectly related to spoken-
language development. These may include cognitive
skills, motor skills, self-help skills, play, imitation,
receptive language and limited productive language
skills. Comprehensive interventions tend to be more
time intensive because of the increased number of goals
and outcomes (Guifang ez al., 2004; Rogers & Vismara,
2008). For the current review, comprehensive
interventions included any intervention package that
focussed on spoken-language outcomes in addition to
outcomes in at least one other domain. While the scope
of the approaches differ, both comprehensive and
targeted intervention packages often include parent
training (Rogers & Vismara, 2008).

Parent training

A review of expressive language in children with
language delays, who did not have ASD, identified

limited evidence for spoken-language outcomes (Law
et al., 2004). However, there was no significant
difference in total child language outcomes between
parent-implemented and clinician-implemented
interventions, suggesting that perhaps parent-
delivered interventions may be just as effective as
clinician-delivered interventions. A 2011 review of 18
studies (three of which included participants with
ASD), found parent-training language interventions
significantly improved expressive language,
vocabulary and syntax for children with language
impairment (Roberts & Kaiser, 2011). The findings of
both meta-analyses of studies enrolling children with
language impairment, support the effectiveness of
parent-implemented treatments for improving
spoken-language outcomes (Law et al., 2004; Roberts
& Kaiser, 2011).

Comprehensive early interventions for
children with autism spectrum disorder

Meta-analyses of interventions for children with ASD
indicate that there is some evidence that specific
interventions improve language outcomes. A meta-
analysis of 14 studies examining Early Intensive
Behavioural Intervention (Reichow ez al., 2012)
identified reductions in ASD symptomatology and
improved overall language outcomes for children
younger than 7 as compared with other treatments
(Reichow & Wolery, 2009). Additionally, a recent
Cochrane review of five studies identified Early
Intensive Behavioural Intervention as an effective
intervention programme for young children with ASD
for improving communication as compared with
children enrolled in a special education setting,
although the studies in this review were of relatively
low quality (Reichow et al., 2012). Another review of
13 studies estimated that the Treatment and
Education of Autistic and Related Communication
Handicapped Children intervention programme had
small (¢=0.32; —0.09-0.73), but non-significant,
positive effects on verbal outcomes compared with
usual treatments (Virues-Ortega ez al., 2013). Results
in this review indicated that effects did not vary based
on dose, length of intervention, age or setting. To
date, the extent to which effects on spoken language
vary based on different intervention components has
not been explored.
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The objective of the current study was to conduct a
systematic review and meta-analysis to determine the
effects of early interventions for children with ASD on
spoken-language outcomes. This study addresses the
following questions: (a) do early interventions
improve spoken-language abilities in young children
with ASD as compared with usual treatments? (b)
does intervention dosage moderate the relationship
between treatment and spoken-language outcomes?
(c) does the addition of parent training moderate
spoken-language outcomes? and (d) do the study
characteristics including number of indicators of risk
of bias, age of participants or type of intervention
focus (targeted or comprehensive), moderate the
relationship between interventions and spoken-
language outcomes?

Methods

Eligibility

Specific inclusion criteria for selecting studies were
based on participants, intervention, comparison
group, outcomes and study design characteristics (
Table 1). Criteria for participants included children
with ASD younger than 8 who spoke English. Criteria
for intervention components included any
behavioural intervention that did not include a
pharmacological component. Criteria for outcomes
included spoken-language as measured by (1)
standardised measures (M =100; SD = 15), words
produced (2) during an observation or (3) as reported

Table | Study inclusion and search strategy

by a parent or teacher. All studies that included a
comparison group that did not receive intervention
were included; both, randomised control trials and
quasi-experimental studies were included. Pre-post
designs and programme evaluations without a control
group were excluded.

Sources

Peer-reviewed publications, dissertations, conference
proceedings and reports published in English were
selected for review. Eleven databases were searched to
capture publications of all types: PsycINFO,
PsycArticles, ProQuest Central, PAIS International,
Linguistics and Language Behaviour Abstracts,
International Bibliography of the Social Sciences,
ERIC and multiple ProQuest Dissertations and
Theses databases. References of included articles
were reviewed for possible inclusion as well as
forward searching via Google Scholar. An attempt to
include a variety of ‘grey’ literature was performed by
reviewing references of included studies, forward
searching relevant references and by searching
multiple databases for dissertations and theses and
conference proceedings.

Search

The search was conducted on 31 December 2014.
The Participants, Interventions, Comparison,
Outcomes and Study Design search terms, outlined
in Table 1 according to inclusion criteria, were
selected to identify a wide range of studies that might

Criteria

Search terms

Participants Autism spectrum disorder, speak

English, younger than 8

Abstract: auti* OR ASD OR PDD OR Aspergers
intervention OR therapy OR teach* OR treat*

assign®* OR “control group” OR BAU OR “wait list” OR

RCT OR random™* OR quasi OR “treatment group” OR
“intervention group” OR “group design” OR (before AND after) OR trial))

Intervention Behaviour/developmental, No
pharma component

Comparison Usual treatments

Outcomes Spoken language

speech OR verbalizations OR communicat® OR articulation OR

language OR expressive OR ESCS OR talk OR speak OR “social interact™’
OR “social function®*” OR “joint engagement” OR “joint attention”

Study design Any group design study
Other English journals

la.exact(“ENG”)
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be eligible for inclusion in the study (Impellizzeri &
Bizzini, 2012). A total of 1809 studies were identified
following a review of the references. All databases
were searched concurrently within ProQuest,
resulting in automatic removal of the initial set of
duplications. An additional 53 duplicates were
identified, resulting in 1756 unique studies screened
for eligibility.

Variables
Inter-observer agreement

Two doctoral students coded all studies. Data were
managed using the REDCap electronic capture tools
(Harris et al., 2009). Both coders rated each study
that met inclusion criteria. Across all rated items for
all studies (n=1188), average agreement on
categorical variables during the initial coding was 88%
and agreement on all calculations was 96%. All
disagreements were resolved through consensus
coding and verified by examining the manuscript of
the study. Disagreements were because of (1)
miscalculations; (2) unidentified construct; or (3)
disagreement on the interpretation of the definition.
In cases where the disagreement was because of the
definition, the coders discussed the definition and re-
scored items independently.

Summary measures

All study variable definitions are summarised in
Table 2. The post-intervention outcome difference
between groups was estimated using the standardised
effect size and standard error with the Hedges’ g
adjustment (Hedges and Olkin, 1985; Shadish ez al.,
2008). A standardised effect size metric was selected
to allow comparison across different measure types
and scales that were used. The conservative Hedges’ g
adjustment was used because of the small sample size
studies that were included.

Risk of bias

Risk of bias was rated on eight indicators
recommended by Cochrane Collaboration (Table 3;
Higgins er al., 2011). Fidelity of implementation was
rated as an additional risk factor; this rating was based
on the overall fidelity score for the intervention and
adequacy of the fidelity measure. Studies were rated
as (a) high risk; (b) low; or (c) unclear risk based on

each of the eight indicators that contributed to the
total risk of bias score (range of possible total scores
for bias was 0—8; Table 3).

Analytic strategies

A random-weights, average mean-difference effect
size was used to estimate the overall effect and
standard error of early interventions on spoken-
language outcomes for young children with ASD.
Analyses were conducted in R-Studio running R
version 3.1.2 using the ‘meta’ package (R Core Team,
2014; Schwarzer, 2007). A random-effects model was
selected because of the variability inherent in the ASD
population. The random-effects model assumes a
distribution of true between-study variability; thus,
the results of this analysis could be generalised to the
larger ASD population.

Heterogeneity in the sample was estimated and
examined using three methods. The Q statistic
determines the heterogeneity in the sample of studies.
The 72 estimates the distributions of the average
effects between studies. The I? statistic estimates the
proportion of heterogeneity that was true between-
study variability that could be explained with study
characteristics.

Publication bias was analysed to determine the
distribution and influence of small sample studies
using three techniques. First, a funnel plot was used
with visual analysis of the distribution of effects,
followed by a trim and fill analysis to determine the
influence of potentially missing studies (Stuck ez al.,
1998; Duval and Tweedie, 2000). Finally, a linear
regression was conducted to test the hypothesis of
small-study bias (Egger ez al., 1997).

Results
Study selection

Of the 1809 abstracts and titles reviewed, 324 were
selected for review at the full-text level for inclusion.
Studies were excluded after reviewing the full text
because of: not including participants with ASD or
participants under age 8 (n=139), not having a group
experimental design (z=62), not including a
behavioural intervention (z=14) or not including a
measure of spoken-language (z=61). Of the
remaining studies, 26 met all inclusion criteria for the
current analysis. Spoken-language measures across
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Table 2 Variable definitions

Definition

Measure type

Implementer

Intervention goal

Intervention component Discrete trial

Shaping
Prompting

Imitation
Receptive language

Play based
Expansions
Modelling
Responsiveness
Incidental teaching

Time delay

Observational: a frequency or ratio measure based on a
structured observation

Report: a parent or teacher report

Standardised: a standardised measure

Parent: the parent was taught to implement the intervention
Clinician: a clinician implemented all of the intervention.
Parents may be updated on progress, but no specific

training is offered to the parents

Parent plus clinician: parents were trained to implement
some or all of the same components that the clinicians
implement. This did not include a few minutes of a clinician
modelling the intervention during parent training.

Targeted: an intervention that specifically aims to improve
language, communication or speech

Comprehensive: an intervention that seeks to improve more
than one area of development including language,

cognition or autism symptomatology

Named ‘discrete trial’, ‘direct teaching’ or ‘applied behaviour
analysis teaching methods’

Specifically names shaping as a teaching method

Specifically names a prompting procedure such as ‘least-to-most’,
‘most-to-least’ or ‘prompt fading’

Specifically mentions direct teaching of imitation skills
Specifically mentions direct teaching of receptive language skills
such as picture identification or following directions

The intervention is described as being play based or having a
play component

Language expansions are specifically mentioned in the
intervention procedure

Language modelling as a specific intervention component at the
child’s target level or specific vocabulary targets

Responding or responsiveness was specifically mentioned as
a component

Specifically mentions incidental teaching or describes
naturally embedded trials

Specifically mentions time delay strategies or describes
eliciting communication through pausing or waiting

studies primarily included measures of spoken
vocabulary, and children across studies were
primarily entering intervention using limited language
equivalent to first or second phase of language
learning (Tager-Flusberg ez al., 2009).

Study characteristics

The 26 studies were published between 1980 and
2014. The studies included 1738 total participants
with ASD who were, on average 3.33 years old
(SD = .91, range = 1.75—4.18). Of the 21 studies that

reported cognitive scores, participants across
studies had scores indicative of comorbid
intellectual disabilities (>1.5 SD below the norm).
Consistent with ASD incidence rates, children were
primarily male (81%). Most of the studies were
conducted in the USA (69%) and used a
randomised control trial design (62%). Most studies
reported receptive language ability or cognitive
ability (69%); however, some reported scores
included age equivalent scores, which cannot be
meaningfully summarised across studies (Table 4).
Additionally, the lack of variability in cognitive skills

© 2016 MENCAP and International Association of the Scientific Study of Intellectual and Developmental Disabilities and

John Wiley & Sons Ltd



VOLUME 60 PART § MAY 2016

Journal of Intellectual Disability Research

449

L. H. Hampton & A. P. Kaiser * Spoken-language outcomes for children with autism

*(110T “1B 19 ‘UBWIX() ‘IO ‘Tun{ 9yoszior) ‘ueun[y ‘SUISSIH) SI01BDIPUI SBIF JO SN MIIANY JUBIYOI0D) w0y paidepyy

uasaud s| 3s9U91Ul

JO 1IPUOD € Jo ‘pariodau si Apiea

10 Ajigelpa moj Jo ‘paruodau

9. SJO.LID SISA[EUB [BD1ASIILIS JO SJOLID
sISA[eU. JO 2uN 1O JUSPIAS S| UONUBAIIUI
JO UOREBUIWERIUOD O “40j paisnipe

10U 9J9M JBYI SEJUSISYIP dulj9seEq
juedyiudis seaeasuowsp Apnis ay |

sJayuawa|dwi Asepuodss oy

s110dau Ajuo Jo ‘Ajppy uoneuswa|dwi
9.NSEaW 30U PIP 3 1BY3 S9IBIS APNIS a3
‘9%G/ Mo[eq d3Ue. B 10 %G8 MO|aq
Aijapy a8eJaAe ue suiodsa Apnis sy |

sauedidnued Jo eyep Suissiw jo
uonsap asim-1sl| s11odad Apnis ay |
syuswugisse dnoud Jusunea. Jo aueme
9J9M SJOSSOSSE 1BY) PIBDIPUI SEM ]
syuawudisse dnoJs Jusunes. Jo aeme
9J9M SJSPOD B3 PIIBIIPUI SEM 3]

uonejndod sy1 ulyam sojdwies Jusayip
wo.y pa1dses auam siuedpnded ay |
1593-2.d

e dno.3 suo BulINOAR) SedUSISYIP
uedyiudis pareasuowsp Apnas ay |

paaiodad J0u sI AIpIjRA JUSWISSISSE

0 SJOJJD [BINISIILIS SSISSE 03 IIUSPIAD

JO 52| ‘paqLIDSSP 10U S| UONUSAISIUI JO
uoneUIWEIUOD 3)qissod Se UINS $10398) sk
[euORIPpE dAY 03 pajeje. syusuodwod a3
aquasap Ajsaenbape Jou seop Apmis ay ]

PaqLIdSaP [[9M 10U SI Aj9pY JO Sansesw
a3 Jo %68 MO|aq s|[e} Jeyd dBued

e s3u0dad ‘syuauodwod uonusAIRIUL
ay Jo || aumded Ajuespd J0u seop 1Y)
Aijapy jo aunseaw e suuodaa Apnis ay |

pe|puey a.e eIep 3uissiw Moy

9q112sap Ajaea|d 10u saop Apnis ay|
dnou3 Jusunes.y jo a3pajmow| JPYL

pue sJossesse a3 Jo uondiiosep Jes|d oN
dnou3 jusunea.y jo a3pajmouy| JRYL

pue s19pod 3y jo uondlidsap Jes|d oN

PaqLIDSaP [[oM
10U s| ssed04d uonIBeSs Y|

{we siy3 1oy pezed 10N}

540128} sl
[euonippe aAy a3 Jo
9duapIAS Aue 1iodau
J0U saop Apnis ay |

%G8 9A0QE $3.103s AlapY

Jo a3ueu & sauodau pue
sjusuodwod UonUSAISII
93 JO || 03 SARISUDS
A@3| s1 3ey3 aunseaw

& syuodau Apnis ay |

189.3-03-1UL1U] SE SIsA[eue a3 s|aqe|
Jo saqudsap Ajes|d Apnis ay |
dnouJ3 Jusunes.y 01 pullq SJom
OUM $.10s59sSE JO uondLidsep Jes|D
dnou3 jusunea.y 01 puljq d4om
oYM sJ9p0Dd Jo uondiiosap Jes|D)
sdno.g sso.oe uondses Sullyp jo
9DUSPIAS OU SI 983 PUB PaqLIdSSp
AjJes|> sem uondsjes auedn.ey
31se3-0.d 18 sdnoud

U99M19q SIDUSIYIP JUBDLIUSIS OU
paje.asuowsp A[@renbape Apnis ay |

159493l JO 1IYUOd ()

Jo ‘Apifea Jo Ajiqered moT ()
‘sdoJu [eonshEIs (£) (uonusAllul
JO uoneulWEIUOD (7) ‘seduBIRYIp
suljeseq Jo ausunsnlpe-uou (|) :seiq
JO sJojedIpUl [BUORIPPE 3UIMO|[O}
ay jo auo suiodau Apmas ay | 4Selq JBYIO
Auepy uonerusws|dwi

|[e49A0 JO [9A3] Y31y € s1iodau pue
s3uUauOdWOD UONUBAIIUI JUBAS|D
|[e seJmded 3By aunsesw aARISUSS
e 3uisn Ajapy saunseaw Apms ay |
pasIWOpUE. SB

syuedpnued e BuisAjeue Aq sisAjeue
1B9.1 01 JUAIUI U. S3sn Apnis ay |
juswuisse dnou3 o1 puljq auom
SJOJR.ISIUILUPE JUSLUSSISSE DY |
juswusisse dnou8 o3

PUI|q SJ9M SJ9POD JUSWISSISSE B |
syuedipnued

pa1n.daJ jo [ood awes syl

wo.j pa129|9s aJam sdnoud sy
Suns:

[eanspeis uswudisse-1sod y3noayy
paysi|qeass aduseAinba dno.un

Ajapiy

LI
4Selq uond9eQ

4SBIq 9OUBWLIOLIRY

4SBIq UoND3|RS

4dUseAINb]

st y3iH <)

dsi4 Jesppun :§°0

sty mo 20

Surioog

uoniuyag w3

MITATDAO SULIODS SBIQ JO ST € d|qe L

© 2016 MENCAP and International Association of the Scientific Study of Intellectual and Developmental Disabilities and

John Wiley & Sons Ltd



VOLUME 60 PART § MAY 2016

Journal of Intellectual Disability Research

450

L. H. Hampton & A. P. Kaiser * Spoken-language outcomes for children with autism

($007) swepy

N 1ioday — — — Mmey —  §5€8 — 68 [s-Td — 8¢ %8 ‘UsBID) ‘paUp|Y
vsn psepuedg  paepueds  (90°91)  T9'LS prepues  (97°91)  SS6¥ 14 88 (1o1) 08¢ 19 (5007) ‘e 3@ paemoy
N psepueds  pJepueds  (€591)  98'19 — — — — — (zeo) 68T 4 (£007) "[e 30 ucBuiway
vsn piepueds  pJepuels  (49°7I)  LbI€ a8y  (0£9) s8¥Il 1S — (680) 8€'e I (2107) "e 30 spoon
vsn psepueds  paepueds  (£891)  TI'IS mey  (6£00)  £SOF — 88 (89°0) we LS (#107) "le 3 nuUBAIp
vsn psepues  pJepueds  (£§'S]) €509 mey  (SIS1)  61°TS — €8 (9T0) 9T 6€ (9007) e 32 UBYOD
3N wuodey  paepurds  ($8°€1)  SOLL mey  (1'79) 0SS — 6L (810 161 ¥T (2007) "le 32 mauQ
vsn psepueds  paepumds  (76'8)  ST09 — Ty sie Yid I (ze0) S6'l Sy (0107) ‘e 3@ uosmeQq
vsn psepueg  pJepueds  (£1'8)  £9°S9 mey  (951'8) €81€ — — (L€0) 69t et (1107) Aonog 3 ureng
vsn pepueg — — — mey  (££9)  SHET — — (1£0) L1T w (£107) "[e 30 7322
vsn pJepuels  pJepuelg — — — — — L€ €8 (610) 09T g€ (9007) SPOOM 8 Aqiayaspp
vsn uoneasssqO  plepumds  (§9°G1)  €1°€S mey  (9989)  ¥6/I — SL (s oIy Iy (#107) "[e 20 uepueH
vsn pJepuelg — — — — — — — — [9-€] — yig (0107) "Te 32 UsRYAA
vsn psepueds  pJepueds  (48'81)  6L°19 By (6b98)  L86I 1 6L (se0) SS°E LS (8007) [e 30 1esey|
ND uoneAsasqO 8y (£811) 6TSE — — — — — (190 1L°€ IS (€107) '|e 30 Jasiyuased
vsn uoneassqQ  pJepueng — 009 — — — — 1L (8500  1¥€ 9T (0861) Ie 3@ YoIg
(€107) uewsdis
vsn psepuedg  pJepueds  (0€01)  $9'ST Mmey (8 w0zl U 16 (zo'1) SLy 99 ’® ‘ueunny ‘491
vsn psepuels  pJepuels  (4679)  88'EE piepuess  (£687) 181§ 14 8 (s80) 81t Tl (#107) ‘e 30 uowojosg
vsn psepueds  paepueds  (0591)  86'€9 prepues  (£07L)  THL9 8T 69 (98°0) SLl 86 (2107) "e 30 s4e30y
nvy psepueds  pJepueds  (66F1)  TETY — — — — 16 (190)  £5°¢ 8 (1107) e 30 s1Rqoy
N psepuedg  pJepuels  (§2'6)  91'9T mey  (S2'6)  0€SI 44 16 (s-2) sLe TSl 010T “|e 3 U319
nvy psepueds  paepueds  (96'/7) €049 mey  (1981)  ¥1TI — €8 (e€0) 66'€ 0L (#107) e 30 38uo)
vsn psepuedg  pJepueds  (0£°91) — By (96¥%)  o0£8 €S <8 (zvo) 121 S (1100) e 30 Jo0reD
3N wuodey  paepurds  (£9°[1)  1THE — — — — 8 (zs0) 7€ A (2007) “Ie 3 3pes
vsn uoneAIssqQO 8y (08€l) 6L8T prepums  (40°2) 6LV — — (98°0) £h'€ ¥l (2107) e 30 Jo>juap
vsn pJepuelg — — — 8y (00TI)  L¥8T ¥S €8 (ss0) 0% €8l (€107) "e 30 phog
uoneso] ad£3 saunseaw ad/y (as) ueapy ad/y (as) uealy Aoulyy e (e8uea) uesyy gesi Apmig
a8en3ue|-uajodg % % (as) N
aAnIudo) aAndaosey ady

uvonduosop Apnig p a|qe L

© 2016 MENCAP and International Association of the Scientific Study of Intellectual and Developmental Disabilities and

John Wiley & Sons Ltd



451

Journal of Intellectual Disability Research

VOLUME 60 PART § MAY 2016

L. H. Hampton & A. P. Kaiser * Spoken-language outcomes for children with autism

across studies limits our ability to use this as a
moderator variable.

The interventions included direct teaching
components (50%) and naturalistic teaching
components (92%). Intervention implementers
included (1) parents only (38%), (2) clinicians only
(15%) or (3) both (47%). Most studies used a
standardised measure of spoken-language (73%); the
remaining studies measured spoken-language using
observational (15%) or parent report (12%) measures.
The specific intervention components that are
described in each study are summarised in Table 5.

Risk of bias

Risk of bias was summarised as number of indicators
of bias. The 26 included studies presented with an
average four indicators of risk of bias (range: 0.5—7)
out of eight possible indicators. The most common
bias indicators were (a) a selection of comparison
participants from a different source than intervention
participants; (b) an analysis that did not use an intent-
to-treat approach; (c) poorly measured or reported
fidelity and (d) a quasi-experimental design (Table 6).

Publication bias

Visual analysis of the funnel plot for symmetry
indicated little evidence of publication bias. One
study (Aldred er al., 2004), with a sample of only 28
participants and a very large effect size, g=1.57,
likely contributed to any implied bias in the plot. The
trim and fill analysis indicated some small-study
bias; six small studies were filled. However, the
hypothesis of symmetry in the funnel plot could not
be rejected in the Egger’s linear regression test
(P=0.662). Thus, there was little evidence of small-
study bias in the results and it is unlikely that
publication bias influenced the results of the meta-
analysis.

Synthesis of main effects

The random weights model estimated the overall
effect of early interventions on spoken-language
outcomes for young children with ASD as g=0.26,
95% CI [o.11, 0.42; Fig. 1] or approximately four
points on a standardised measure of language such as
the Preschool Language Scale- 5™ edition (Zimmerman
et al., 2011). The between-study variance was small

(72 =0.083), but this heterogeneity was significant
[O=59.08 (25), P=o0.0001]. Of this heterogeneity,
57.7% was true variability (/%) that can be explained
by individual-study characteristics. Thus, moderator
analyses were conducted to potentially explain some
of the heterogeneity between studies.

Moderator analysis

Two meta-regression models and an analysis of
variance (ANOVA) sub-group analysis were fit in an
attempt to explain between-study variability within
the overall analysis. During preliminary analyses, no
systematic differences in outcomes between studies
were found because of method of language outcome
measures (standardised test, observational data or
parent report) or year of publication. The first meta-
regression included all 26 studies. The results
indicated the total intervention dose (3= 0.008,

SE =0.010; total hours of intervention computed as
length of treatment x hours per week), and number of
indicators of bias (8=0.027, SE=0.027) did not
significantly predict the magnitude of spoken-
language outcomes. Because of the theoretically
important impact that these variables might
contribute to the overall model, they were retained as
control variables in the second meta-regression. The
results in the second meta-regression indicated the
effect of targeted language interventions on spoken-
language did not differ from the effect of
comprehensive ASD interventions (3 =0.029,

SE =0.225). This analysis accounted for none of the
heterogeneity between studies (R =0.00 %), further
indicating that targeted and comprehensive
interventions resulted in similar outcomes for spoken
language.

The second meta-regression moderator analysis
examined the impact of age of participants and
included the same 26 studies and control variables.
The null hypothesis could not be rejected: the effect
of interventions on spoken-language for younger and
older participants did not differ significantly
(B=—0.092, SE =0.096). This analysis accounted for
none of the heterogeneity (R*>=0.00 %), indicating
that interventions delivered at different ages resulted
in similar outcomes.

The random effects ANOVA model for the sub-
group analysis of implementers (clinician only, parent
only or parent plus clinician) summarises the
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Figure | Effects of early autism interventions on spoken language.

outcomes within types of implementers (Fig. 2).

equivalent to children obtaining four additional

There was a significant difference among the sub- points on a standardised language measure.
groups [Q =59.08 (25), P<0.001]. None of the Additionally, children who received intervention

heterogeneity was explained within the parent-only
group, the parent plus clinician group explained
36.4%, and 77.1% was explained by the clinician-only
group. The sub-group analysis indicated a

delivered by a parent plus clinician gained the
equivalent of six more points than children receiving
community interventions. This finding suggests that
adding a parent-implemented component to

significantly better effect on language outcomes for clinician-delivered intervention further contributes to
parent plus clinician delivered interventions (g=0.42) language gains. Changes in other features of

as compared with parent-only (g=0.11) or clinician- intervention (i.e. total dosage of the intervention,
only (¢=0.08) delivered interventions. targeted vs. comprehensive intervention approach)

Discussion

may not systematically contribute to language gains.
Although the results indicating average positive
spoken-language outcomes across interventions

The results of this meta-analysis demonstrate that, on  appear promising, the magnitude of overall effect size

average, early interventions for young children with is relatively small (¢=0.26). The effects may not be
ASD result in modest improvements in spoken clinically meaningful considering that the average
language immediately following intervention, effect is within the standard error of measurement.
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Heterogeneity: I-squared=57.7%, tau—squared=0.0825, p=0.00!2;1
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Figure 2 Effects of early autism interventions on spoken language by implementer.

Additionally, the improvement does not indicate if the relatively modest overall effects would
movement beyond using single words, the second eventually diminish.

phase of language learning (Tager-Flusberg ez al.,
2009). Because the results summarised in this meta- .
. . . Intervention dosage and approach
analysis were outcomes measured immediately after
intervention, it is unclear if the difference between Dosage did not predict better spoken-language

groups might have continued to increase over time or  outcomes. This finding was somewhat surprising
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given the variability in dosage; however, these results
should be considered within the context of variability
of other intervention components (parent training
and fidelity of treatment) across studies that may have
mitigated the effect of any one component.
Intervention type (targeted vs. comprehensive) also
did not explain variation in the results; however, it
was not possible to determine the exact dose of
language-related intervention provided within
comprehensive interventions. Further, true dosage
was difficult to ascertain as it is unclear how many
hours parents implemented the intervention with
their children.

Parent training

For children with ASD, interventions implemented
by both parents and clinicians together may be
especially important for three reasons. Firstly, parents
may benefit from the clinician modelling the
intervention with their children. Learning from
models is an adult learning strategy that may result in
better parent fidelity of intervention and ultimately a
higher dose of intervention outside clinical
environments (e.g. Dunst, Trivette, & Hamby, 2007;
Roberts ez al., 2014). Secondly, children with ASD
may benefit when there is a consistent language
teaching strategy across communication partners that
supports generalisation of skills. Children with ASD
often require systematic teaching across
communication partners and settings to generalise
skills (Plaisted, 2001). Additionally, parent buy-in
might be greater and parent stress might be reduced
when the clinician and parent are co-interventionists
and parents can observe improvements in their child
while the clinician implements the intervention
(Kaiser et al., in press; Kaiser and Roberts, 2013).
Reductions in parent stress may result in positive
child outcomes through direct and indirect paths.
Greater parent buy-in is likely to increase parent
involvement in behavioural interventions, and
therefore may result in greater dose delivered by the
parent (Carr er al., 2015; Kasari & Sigman, 1997;
Solish and Perry, 2008).

Limitations

This review has several limitations. Firstly, a meta-
analysis is limited by descriptive and outcome data
available in the individual studies selected for review.

The literature review did not include studies that did
not report spoken-language outcomes. In the excluded
studies, it is unknown if measures of spoken-language
were not included because they were not conceptually
important in the study or if the measures were collected
but not reported because of lack of significant
outcomes. Although little small-study bias was
indicated in the analysis, the review may have missed
studies with smaller samples because of publication
bias (Ferguson and Brannick, 2012).

Secondly, variable and eclectic treatments are
commonly delivered to children with ASD in the
community: therefore, the comparison samples most
likely vary across studies (Stahmer, 2007). Reporting
the number of hours of intervention received by
children in the control group and characterising the
quality of the community intervention are critical for
interpreting the results of experimental intervention
vs. control studies. Children in the intervention
groups may have benefited from the combination of
experimental and community treatments or may have
received more total hours of intervention than
children in the control groups.

Thirdly, spoken vocabulary was the primary
outcome measure across studies. Vocabulary does not
account for other important features of spoken
language such as grammar, phonology and rate of
social communication. Although other features of
language use may be accounted for in standardised
measures of language, the early items of these
measures are primarily vocabulary based
(Tager-Flusberg ez al. 2009). Future research should
make a better effort to include multiple measures of
use and complexity of spoken language in addition to
vocabulary to best represent spoken-language growth
in this population.

Finally, the findings of this meta-analysis should be
interpreted cautiously because many studies did not
measure child characteristics at the beginning of
intervention (e.g. receptive language, speech skills,
play skills, cognition or socio-economic status) or
important aspects of intervention delivery (e.g.
fidelity, parent generalised use of the intervention and
clinician level of expertise), resulting in a limited set
of moderators for investigation. In this set of studies,
there was limited reporting and low variability in key
constructs such as intellectual disability (ID). This
meta-analysis is not able to speak to the impact of ID
on spoken-language outcomes in children with ASD
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because of the low variability in ID across studies. A
more complete description of the specific phenotypic
characteristics of the participants with ASD is critical
for better understanding, which intervention strategies
are most effective for each ASD profile (Blacher &
Christensen, 2011). Making information about
secondary outcome variables, fidelity measures,
clinician expertise and training, standard scores for use
in moderator analyses and dosage of specific
intervention components available in online
appendices or other resources linked to publications is
important for future studies and would allow for more
complete meta-analyses. The current analysis is
limited by the limitations of the studies that were
included, and the explanations of variability and
heterogeneity within studies are limited. Thus, the
results of this review must be considered in the context
of the available measures of child-level characteristics
and the limited descriptions of the interventions.

Recommendations
Practice

Three recommendations for practice can be offered as
a result of this review. Firstly, both targeted and
comprehensive approaches to early interventions may
increase spoken-language of children with ASD.
Secondly, early interventions should include parent
training in addition to direct interventions by a
clinician. Although the results of this meta-analysis
indicated immediate improved outcomes for
interventions implemented by the clinician plus
parent, at least one study has indicated that children
may continue to improve over time when parents are
trained (Kaiser & Roberts, 2011). Thirdly, because of
the overall modest outcomes for spoken language,
long-term intervention may be needed for children
with ASD to become fluent language users. Adaptive
interventions that monitor progress and tailor the
intervention to fit the child’s response to treatment
should be considered, especially for children who
begin with minimal verbal skills (Kasari et al, 2014).

Future research

More consistent and systematic reporting of measures
in early intervention studies is needed. When age-
equivalent scores are reported, standardised scores
should also be reported or made available to allow for

moderator analyses in future meta-analytic reviews.
Additionally, studies that include parents should
describe how and what the parent was taught, the
fidelity of the parent training, process and fidelity of,
the parent’s implementation of the intervention with
the child. Measures of parent buy-in of the parent—
clinician relationship should be reported to advance
understanding of factors affecting parent-clinician
collaborative intervention delivery (Carr et al., 2015).
Training and background of the interventionists are
also important. The specific credentials of clinicians
(e.g. speech language pathologists, behaviour analysts
or research staff), level of education and training and
the fidelity interventionist implementation should be
reported. Finally, for future meta-analysts to be most
successful, sub-groups within individual studies
should be reported to best determine for whom, and
under what conditions interventions are effective. For
example, studies should include sub-groups of
participants with and without ID to best understand
the role of ID on spoken-language outcomes within
the ASD population.

Conclusions

Early interventions for children with ASD resulted in
improved spoken-language outcomes as compared
with outcomes for children who received usual
community treatments. The average gains of g=.26
(four standardised points) may not be sufficient to
substantially improve functional language use for all
children with ASD. Given the heterogeneity of children
with ASD and the observed variability in outcomes, it is
important to continue efforts to determine which
children benefit most and least from early language
interventions and to tailor interventions to specific
characteristics of children within this population.
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