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Abstract

Background: Young people who fail to develop language as expected face significant

challenges in all aspects of life. Unfortunately, language disorders are common,

either as a distinct condition (e.g., Developmental Language Disorder) or as a part of

another neurodevelopmental condition (e.g., autism). Finding ways to attenuate

language problems through intervention has the potential to yield great benefits not

only for the individual but also for society as a whole.

Objectives: This meta‐analytic review examined the effect of oral language

interventions for children with neurodevelopmental disorders.

Search Methods: The last electronic search was conducted in April 2022.

Selection Criteria: Intervention studies had to target language skills for children

from 2 to 18 years of age with Developmental Language Disorder, autism,

intellectual disability, Down syndrome, Fragile X syndrome, and Williams

syndrome in randomised controlled trials or quasi‐experimental designs. Control

groups had to include business‐as‐usual, waiting list, passive or active conditions.

However, we excluded studies in which the active control group received a

different type, delivery, or dosage of another language intervention. Eligible

interventions implemented explicit and structured activities (i.e., explicit instruc-

tion of vocabulary, narrative structure or grammatical rules) and/or implicit and

broad activities (i.e., shared book reading, general language stimulation). The

intervention studies had to assess language skills in receptive and/or expressive

modalities.

Data Collection and Analysis: The search provided 8195 records after deduplication.

Records were screened by title and abstract, leading to full‐text examinations

of 448 records. We performed Correlated and Hierarchical Effects models and ran

a retrospective power analysis via simulation. Publication bias was assessed via

p‐curve and precision‐effect estimate.
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Main Results: We examined 38 studies, with 46 group comparisons and 108

effects comparing pre‐/post‐tests and eight studies, with 12 group comparisons

and 21 effects at follow‐up. The results showed a mean effect size of d = 0.27 at

the post‐test and d = 0.18 at follow‐up. However, there was evidence of

publication bias and overestimation of the mean effects. Effects from the

meta‐analysis were significantly related to these elements: (1) receptive

vocabulary and omnibus receptive measures showed smaller effect sizes

relative to expressive vocabulary, grammar, expressive and receptive discourse,

and omnibus expressive tests; and (2) the length of the intervention, where

longer sessions conducted over a longer period of time were more beneficial

than brief sessions and short‐term interventions. Neither moderators concern-

ing participants’ characteristics (children's diagnosis, diagnostic status, age,

sex, and non‐verbal cognitive ability and severity of language impairment),

nor those regarding of the treatment components and implementation of the

language interventions (intervention content, setting, delivery agent, session

structure of the intervention or total number of sessions) reached significance.

The same occurred to indicators of study quality. The risk of bias assessment

showed that reporting quality for the studies examined in the review was

poor.

Authors’ Conclusions: In sum, the current evidence base is promising but

inconclusive. Pre‐registration and replication of more robust and adequately

powered trials, which include a wider range of diagnostic conditions, together with

more long‐term follow‐up comparisons, are needed to drive evidence‐based practice

and policy.

1 | PLAIN LANGUAGE SUMMARY

1.1 | Language interventions can improve
speaking skills in children with neurodevelopmental
disorders

This meta‐analytic review demonstrates that language interventions

can improve oral language in children with neurodevelopmental

disorders. However, this result should be interpreted with caution

because of poor reporting in many studies and publication bias:

selective reporting of research results in this field, based on their

positive findings.

1.2 | What is this review about?

We assessed interventions that target language skills in

children with neurodevelopmental disorders. The interventions

had to use techniques ranging from explicit and structured

activities (explicit instruction of vocabulary, narrative structure

or grammatical rules) to implicit and broad activities (shared book

reading, general language stimulation). We examined whether the

interventions had an impact on language in general, or on more

specific aspects of language in both receptive and expressive

modalities.

What is the aim of this review?

This review examines 42 publications reporting on the

effects of oral language interventions in children with

neurodevelopmental disorders.

1.3 | What studies are included?

We evaluated the effects of oral language interventions in children

with neurodevelopmental disorders at post‐test (38 studies with

46 group comparisons and 108 effects) and at follow‐up (eight

studies with 12 group comparisons and 21 effects). Most of the
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interventions targeted children with language disorders and

children with autism, and only a few involved children with Down

syndrome, Fragile X syndrome, or mixed samples. The studies

spanned the period 1993 to 2022 and were mostly carried out in

the USA and UK.

1.4 | Do oral language interventions attenuate
language problems in children across different
neurodevelopmental disorders?

Oral language interventions yield moderate effects on language

skills in favour of the treatment groups at post‐test, and

smaller effects at follow‐up. Importantly, the quality of evidence

and risk of bias are unclear because of poor reporting of

critical aspects of the study design, such as recruitment and

randomisation. Overall, the analyses indicate potential publica-

tion bias, with small positive studies tending to yield larger

treatment effects.

1.5 | What factors affect how well oral language
interventions work?

From pre‐ to post‐test, participants’ characteristics and treatment

components and implementation of the language interventions were

not significant moderators. (Participants’ characteristics: children's

diagnosis, diagnostic status, age, sex, and non‐verbal cognitive ability

and severity of language impairment. Treatment components and

implementation: intervention content, setting, delivery agent, session

structure of the intervention or total number of sessions.) However,

smaller effects emerged for receptive vocabulary and multi‐

component receptive measures compared to expressive vocabulary,

grammar, expressive and receptive discourse, and multi‐component

expressive tests. Longer sessions conducted over a longer period

were more beneficial than brief sessions and short‐term

interventions.

1.6 | What do the findings of this review mean?

The current evidence base is promising but inconclusive. To drive

evidence‐based practice and policy, we need pre‐registration and

replication of more robust and adequately powered trials. Studies

should include a wider range of diagnostic conditions. Further research

should also report on long‐term follow‐up.

1.7 | How up‐to‐date is this review?

The review authors searched for studies up to April 2022.

2 | BACKGROUND

2.1 | The problem, condition or issue

Oral language is an important skill that most children master during

their development. Language content, language structure and

functional use (pragmatics) all lay the foundation for other key

cognitive and social achievements (Stothard et al., 1998) and reading

comprehension (Duff et al., 2015; Lepola et al., 2016; Nation &

Norbury, 2005). For instance, language is fundamental for children to

communicate needs, participate in social interactions, engage in play

and participate actively in society (Snow, 2021). However, a sizeable

number of children experience language problems, either as an

independent condition or in combination with other learning or

developmental disorders. For these children, it is critical to receive

support and interventions that might prevent the language problems

from having detrimental consequences on their life course and

functioning. Oral language interventions may improve oral language

competencies in different neurodevelopmental disorders that are

characterised by varying degrees of language deficit.

Oral language is a multifaceted system that comprises vocabulary

(semantics), grammar (syntax and morphology) and discourse

processing (pragmatics) in both the expressive (language production)

and receptive (language comprehension) domains (Lervåg et al., 2018).

In the course of language development, the receptive and expressive

language domains go hand in hand, although comprehension of

language starts to develop slightly earlier compared with expressive

skills (Hulme & Snowling, 2013). The development of vocabulary is a

core ingredient in language development (Marchman & Fernald, 2008;

Melby‐Lervåg & Lervåg, 2014), and measures of expressive and

receptive vocabulary are widely used in interventions that include

children with neurodevelopmental disorders. In addition to vocabu-

lary development, oral language skills encompass grammar, which

includes morphology (word formation) and syntax (sentence forma-

tion), as well as narrative and discourse development (Hulme &

Snowling, 2014).

It is important to note that language disorder is not a low‐incidence

condition, language deficits are common and thus frequently encountered

in community child development clinics (O'Hare, 2013). As for prevalence,

Black et al. (2015) reported on data from the National Health Interview

Survey in the US; in their findings, 7.7% of parents reported that their

children aged 3–17 years old had experienced language problems in the

past year. A recent population‐based survey conducted in England

estimated the prevalence of children with language problems from a

currently unknown cause to be 7.58% (consistent with previous

epidemiological studies of “specific language impairment” conducted in

North America; Beitchman et al., 1986; Tomblin et al., 1997), whereas

2.34% of children had language deficits as part of another condition

(Norbury et al., 2016).

Those who have language problems as a part of another

condition have more severe language deficits and are more likely to
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have co‐occurring non‐verbal IQ deficits and social, emotional and

behavioural problems (Norbury et al., 2016). They were also more

likely to be receiving special education support, although not

necessarily more speech‐language therapy. Norbury et al. (2015)

also demonstrated that teacher‐rated language problems were the

single best predictor of academic success during the first year of

school. A large portion of these children belong under the umbrella of

neurodevelopmental disorders (Bishop & Rutter, 2008; D'Souza &

Karmiloff‐Smith, 2017). Some of these diagnoses have a known

genetic or acquired aetiology, such as Down syndrome, Williams

syndrome or Fragile X syndrome, whereas other diagnoses, such as

language disorder, intellectual disability and autism, have multi-

factorial aetiologies that are less well understood (Thapar &

Rutter, 2015). However, one common characteristic of neurodeve-

lopmental disorders is that affected children often display language

difficulties, and thus, require systematic support and interventions

that target oral language.

Thus, language disorder is a rather common problem, both as a

distinct diagnostic condition (DLD) and as a part of more pervasive

neurodevelopmental conditions. Language disorder can have a large

impact on an individual's life course and substantially increases risk

for adverse outcomes in education, employment, social well‐being

and mental health (Dubois et al., 2020), representing significant costs

to society (Cronin et al., 2020). While intervention research and

services have traditionally been developed to address specific

diagnostic groups, there are potentially common learning strategies

that could apply across diagnostic boundaries. Finding efficient

interventions and ways to support those who are affected might have

a positive impact not only for the individual but also for society. Here

we will address this issue and summarise studies that have used

different kinds of oral language intervention with different clinical

populations.

2.1.1 | The value of a transdiagnostic approach to
language intervention

The CATALISE consortium (Bishop et al., 2016, 2017) highlighted

clinical assumptions that children with different neurodevelopmental

disorders may require different therapeutic approaches or that

children with non‐verbal cognitive deficits may not benefit from oral

language interventions to the same extent that their cognitively able

peers do. However, there is limited evidence directly comparing

intervention effects across neurodevelopmental disorders on which

to make this judgement. Importantly, the language trajectories for

children with neurodevelopmental disorders are complex, and there

are small to substantial variations in language acquisition both within

and across diagnostic groups. In addition, many studies show that

there can be pervasive deficits within different subcomponents of

language for these children, necessitating assessment across the

subcomponents of oral language (Norbury & Paul, 2015). However,

assessing language skills in young children in a reliable and valid way

is challenging.

A transdiagnostic method that compares children with different

neurodevelopmental disorders enables the investigation of unique

versus similar approaches. Several primary studies of language

profiles have included direct comparisons of different neurodevelop-

mental disorders. For instance, one study compared children with

Williams syndrome and children with “specific language impairment”

and reported distinct patterns of syntactic binding (Ring &

Clahsen, 2005). Differences in language profiles have also been

reported between children with Fragile X syndrome and Down

syndrome; in this case, autism symptom severity was associated with

language differences between these two groups (Martin et al., 2013;

Price et al., 2007). At the same time, children with autism, Down

syndrome, Williams syndrome, Fragile X syndrome or an intellectual

disability all display some degree of language deficit (Abbeduto

et al., 2016; Rice et al., 2005). Therefore, another reason to focus on

children with different neurodevelopmental disorders is that there

are considerable overlaps in the severity and pattern of language

deficit and/or language strengths (Gibson et al., 2013), shared

aetiological risk factors (Valenti et al., 2014) and commonalities in

cognitive profiles (Raitano Lee et al., 2016). In addition, there are high

rates of comorbidity among these groups of children (Abbeduto

et al., 2016; American Psychiatric Association [APA], 2013), and

diagnostic categories are not as distinct as once thought (Thapar &

Rutter, 2015). Nevertheless, whether similar oral language interven-

tions provide similar levels of benefit for children with different

neurodevelopmental disorders, or whether different interventions

are needed, remains an unanswered question.

2.2 | Description of the condition

2.2.1 | Neurodevelopmental disorders included in
the review

In this review, we focus on Developmental Language Disorder and

associated differentiating conditions identified by the CATALISE

consortium (Bishop et al., 2017). These are biomedical conditions in

which language impairment is one of a complex set of symptoms, as

in autism or intellectual disabilities. These are distinguished from co‐

occurring conditions, such as learning disorders and attention deficit

hyperactivity disorder (ADHD), in which language difficulties occur at

higher than expected rates, but are not always present or

characteristic of these conditions.

Multi‐factorial disorders without known genetic aetiology

Language disorder. Language disorder refers to deficits in receptive or

expressive language in vocabulary, sentence structure or discourse

(APA, 2013). Depending on the diagnostic criteria and cut‐offs, the

prevalence rates vary greatly, with reports ranging from 2%

(Weindrich et al., 2000) to 31% (Jessup et al., 2008). Following the

new Diagnostic and Statistical Manual of Mental Disorders (5th ed.;

DSM‐5) criteria, a recent population study estimated the prevalence
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of children having a developmental language disorder of unknown

origin to be approximately 7.58%, with an additional 2.34% occurring

in the context of an existing medical diagnosis (Norbury et al., 2016).

The criteria for language disorder include problems in spoken and

written communication starting early in the developmental period.

Such difficulties cannot be explained by sensory impairments, such as

hearing loss, motor dysfunction or another medical or neurological

condition (APA, 2013). The core criteria relate to limited expressive

or receptive oral language (vocabulary, grammar and discourse), and

as noted by Norbury and Paul (2015), affected children are typically

slow to acquire first words and first word combinations. During the

course of development into the school years, vocabulary remains

limited and is accompanied by varying degrees of grammatical error,

immaturity and errors in language production, poor narrative and

discourse understanding and production, and limitations in pragmat-

ics, especially when linguistic context is important for processing (i.e.,

inferencing; APA, 2013).

Notably, the debate surrounding diagnostic criteria and their

terminology is ongoing (Bishop et al., 2016). Although we use the

DSM‐5 terminology of language disorder in this review we also take

into account studies of children where other labels are used, such as

developmental language disorder, receptive language disorder and

specific language impairment, to name a few (see Bishop, 2017, for a

discussion and variations of terms).

Intellectual disability. Intellectual disability is a heterogeneous condi-

tion that affects cognitive and adaptive functioning and is associated

with multiple possible causes. Prevalence estimates in the overall

population are reported to be approximately 1%–3% (Moeschler &

Shevell, 2014). Variations in prevalence are largely due to differences

in how the term intellectual disability is defined and where the cut‐off

is set for impairment is set (Bishop et al., 2016).

The defining features of intellectual disability in the DSM‐5 are as

follows: (1) deficits in intellectual functions, such as reasoning, learning

and abstract thinking; (2) deficits in adaptive functioning; and (3)

occurrence of these deficits during the developmental period (APA, 2013).

Intellectual disability is further defined through the use of specifiers based

on an individual's adaptive functioning, with specifiers indicating a

severity level ranging from mild to moderate, severe, and profound

(APA, 2013). Individuals may change their severity level, but intellectual

disability is thought to be a lifelong condition.

Autism. Autism is an umbrella term that encompasses conditions

previously labelled as childhood autism/autistic disorder, high‐

functioning autism, atypical autism, Asperger syndrome and pervasive

neurodevelopmental disorder not otherwise specified (APA, 2013). Some

epidemiological studies report a worldwide prevalence of approximately

50–70 per 10,000 people (Zeidan et al., 2022) for the broader definition

of the autism spectrum. In some parts of the UK and the US, the

prevalence has been reported to be more than 100 per 10,000 children

(Baird et al., 2006; Kogan et al., 2009) and as high as 157 per 10,000

children when statistically controlling for unknown cases (Baron‐Cohen

et al., 2009; Fombonne, 2009).

Two areas of functioning and behaviours make up the core

diagnostic criteria of autism: one consists of restricted, repetitive

behaviours and interests, and the other is related to social

communication and social interaction (APA, 2013). Language is highly

variable within the autism spectrum. The number of children who do

not acquire functional speech is estimated to be approximately 30%

(Pickles et al., 2014). Even when children with autism acquire spoken

language, many have language deficits that are similar to those seen

in DLD (Kjelgaard & Tager‐Flusberg, 2001). For example, Loucas et al.

(2008) reported that in a sample of autistic children with IQ scores

above 80, 41 children had language impairments, whereas 31

children did not. Before diagnosis, the absence of first words and

sentences is the most frequently reported concern for parents (De

Giacomo & Fombonne, 1998; Wetherby et al., 2004).

Pragmatics is a common area of concern in autistic language

development, although some aspects of pragmatics, such as the

understanding of metaphors, may be associated with broader

structural aspects of language, such as vocabulary and/or grammar

(Kalandadze et al., 2016). Studies conducted by Norbury and

colleagues lend support to the notion that the difference between

children with autism (with or without language impairments) and non‐

autistic children (with or without language impairments) depends on

the degree of language deficit rather than the degree of autistic traits

(see, for instance, Brock et al., 2008; Norbury, 2005).

Syndromes with a known aetiology

Down syndrome. Down syndrome, or Trisomy 21, is the most

common known genetic cause of intellectual disability that is not

inherited. The prevalence of Down syndrome has been reported in

Europe and the US to be approximately 8 per 10,000 people (Presson

et al., 2013). For persons with Down syndrome, the gap between

cognitive abilities and chronological age has been reported to

increase in adulthood (Raitano Lee et al., 2016). A meta‐analysis

indicated that individuals with Down syndrome show slow, positive

rates of change compared with what is expected in typically

developing children (Patterson et al., 2013). Since delays and deficits

in language are reported from early onset to adulthood, language

interventions for this group are of particular importance (Martin

et al., 2009).

Children with Down syndrome often score significantly lower

than typically developing children on measures of expressive

language (Finestack et al., 2013; Næss et al., 2011). For receptive

vocabulary, studies have reported mixed findings. Some studies

indicate a clear challenge in expressive language relative to receptive

language (i.e., Glenn & Cunningham, 2005; Laws & Bishop, 2003).

Further, in a systematic review on language skills in children with

Down syndrome, Næss et al. (2011) reported that receptive skills

were not statistically significantly different compared with those of

typically developing children with the same non‐verbal mental age.

However, other studies comparing children with Down syndrome to

other mental age–matched groups report difficulties in receptive

language (Hick et al., 2005; Roberts et al., 2007). In addition, deficits
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in syntactic structure and complexity are quite common (Martin

et al., 2009). However, there are large within‐syndrome variations

(Abbeduto et al., 2016), and some of the differences and inconsis-

tencies reported in the language domain may be due to variations in

assessment procedures used in the studies, hearing loss or variations

in cognitive status across studies (Martin et al., 2009).

Williams syndrome. Williams syndrome is a rare multi‐system disorder

caused by deletion of the Williams‐Beuren syndrome chromosome

region (Pober, 2010), and it has a reported prevalence of approxi-

mately 1 in 7500 people (Strømme et al., 2002). Early onset

developmental delays are typical for children with Williams syn-

drome. However, clinical diagnostic criteria are usually not as useful

for the accurate diagnosis of Williams syndrome compared with

laboratory testing (Pober, 2010). For children with this syndrome,

medical conditions apply to a much larger degree compared with

typically developing children (Morris, 2010). The cognitive profiles of

this group are generally in the mild to moderate range for overall IQ,

but there is variation in the range of approximate IQ, with scores

between 40 and 100 (Martens et al., 2008). The neurocognitive

profile of Williams syndrome is complex, involving relative strengths

in aspects of oral language and profound weaknesses in visuospatial

cognition (Mervis & John, 2010).

The discrepancy in verbal and non‐verbal skills in the Williams

syndrome profile has led some to conclude that language is surprisingly

preserved in this condition (Karmiloff‐Smith, 2007). However, this

strength is relative to other areas of functioning and not necessarily

within the range found in typically developing children of a similar age

(Bellugi et al., 2000; Karmiloff‐Smith et al., 1997). Thus, there is a need for

information on language interventions for children with Williams

syndrome, especially considering that this has received little focus since

their language competencies may have been overstated (D'Souza &

Karmiloff‐Smith, 2017).

Fragile X syndrome. Fragile X syndrome is the most common genetic

cause of inherited intellectual disability. Prevalence estimates for Fragile

X syndrome are approximately 1 in 5500 for males (Macpherson &

Murray, 2016) and approximately 1 in 8000 for females. However,

prevalence estimates vary considerably, especially with advances in

genetic testing (Hunter et al., 2014). Co‐occurrence with autism is high

in children with Fragile X syndrome, with up to 50% scoring above cut‐

offs on diagnostic tests for autism (Hall et al., 2008).

Early language milestones are delayed relative to those in typically

developing children, and this difference is especially apparent for boys

with Fragile X syndrome. The extent and nature of persistent language

deficits are unclear because of mixed results from studies using different

methodologies and measures. One reason for the imprecision in

estimating language competence may be anxiety in the context of

testing that these children can experience (Cornish et al., 2004).

However, available evidence indicates impairments in language in

children with Fragile X syndrome that include both structural and

pragmatic aspects of language, particularly vocabulary (Klusek

et al., 2014; Kover et al., 2015; Martin et al., 2013).

2.3 | Description of the intervention

2.3.1 | Theoretical approaches to language
intervention

Our starting premise is that the language impairments characteristic

of neurodevelopmental disorders arise from a complex interplay of

genetic and environmental risk factors and chance events

(Mitchell, 2018). These risk factors do not affect language directly;

instead, they affect the development of brain structure and function

in ways that are non‐optimal for learning language. In addition,

language acquisition is typically an interactive process in which

children play an active role. Thus, because of the nature of many

neurodevelopmental disorders, the quantity and quality of language

input may be disrupted. Therefore, children with language disorders

may require additional language input, more exposures to the same

input to achieve the same level of learning relative to peers, and/or

input that is structured in such a way that it is easier to learn.

Figure 1 shows a theory of change model for the language

interventions. As shown in the figure, interventions fall along a

continuum distinguished by the extent to which language instruction

is explicit or language learning is implicit (i.e., the learner is not aware of

the goals of the intervention; Baron & Arbel, 2022). Implicit, or

incidental, approaches are grounded in developmental constructive

theories of language acquisition through meaningful interactions with

the child. These interventions, such as Hanen or Pediatric Autism

Communication Therapy (PACT), seek to coach parents on how to

optimise their language input to align with the child's attentional focus

and how to identify and interpret child behaviours as potentially

communicative; thus, they focus on parent‐child interactions.

Milieu therapy techniques that are implemented during child‐led play

may also be included here. In this approach, interlocutors again follow the

child's lead, map language onto the child's attentional focus, recast child

utterances to provide more accurate language models and give the child

repeated exposures to new words and language structures. Shared or

dialogic book reading may be a more structured form of this approach,

but this technique uses the same principles of interactive engagement

with the child in a developmentally appropriate task, in which key words

or structures are highlighted by the adult as they naturally occur within a

meaningful story context. A common feature across the different tasks is

that the children are unaware of the learning targets and may even be

unaware that they are taking part in an intervention. Instead, the

environment is engineered to make the desired targets more salient, but

learning is incidental and includes increasing the number of exposures to

language targets in naturalistic ways.

The second approach aims to circumvent underlying learning deficits

via explicit instruction. This approach is more common in older children,

and while targets tend to follow a normative developmental sequence,

they may also reflect a “language curriculum” in which targets are more

closely aligned to educational priorities. In these approaches, children are

told the words, grammatical structures or narrative elements they are

expected to learn. Definitions or grammatical rules are explicitly taught

and modelled by the adult, followed by multiple opportunities for the
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child to practice producing and/or understanding these structures,

typically with feedback provided in fun, child‐friendly activities. At the

more extreme end of this continuum of practice, correct attempts at

language production may be reinforced with external rewards. Most

vocabulary interventions use explicit instruction, and grammatical

interventions such as “Shape Coding” (Ebbels, 2007) make use of objects,

colours and/or shapes to teach rules of grammar.

These approaches, or the hybrid interventions that combine

these approaches, appear in the interventions in every neurodeve-

lopmental disorder we have included. Adaptations to the delivery of

these approaches may vary according to the severity of the child's

language impairment or co‐occurring challenges in attention, beha-

viour or non‐verbal cognitive abilities. Typical adaptations aim to

increase attentional focus and time on task; they may include visual

prompts/timetables; use of rewards; changes to the frequency,

intensity or duration of therapy sessions; and provision of the

intervention individually or in small groups.

2.4 | How the intervention might work

2.4.1 | Factors related to children's characteristics
that may impact the intervention's effects

Diagnostic condition

The neurodevelopmental disorders included in the present system-

atic review have many similarities in oral language profiles. These

similarities mean that effective interventions for children with one

type of neurodevelopmental condition may also be effective for

children with other neurodevelopmental conditions. However, there

are also unique cognitive and behavioural profiles that may influence

both the natural course of language development and the response

to an intervention. Including a range of diagnostic conditions allows

for an overall impression of the impact of oral language interventions,

as well as comparative analyses of effect sizes across these

conditions.

Age

The age of the sample might also be related to the size of

intervention effects. Often, we intuitively believe that early interven-

tion is better than later intervention. However, this is an empirical

question, and for instance, Gardner et al. (2019) found no support for

the “earlier is better” hypothesis in outcomes of parenting pro-

grammes for child behaviour problems across the age range of 2–11

years. Based on this and other findings, Maughan and Barker (2019)

argued that careful analysis assessing age variations in intervention

effects across broader age ranges and in other developmental

domains may provide stronger tests for the earlier is better

hypothesis. Therefore, we examined sample age as a moderator.

Biological sex

Sex composition in the samples is also something that might explain

variations in the studies. Sex differences in early language acquisition

and in language disorders are common, but they are not always

F IGURE 1 Theory of change model for the intervention.
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present. According to the US Centers for Disease Control (2021), an

autism diagnosis is four times more common in boys versus girls.

There is also a higher prevalence of boys with language disorders

compared with girls (Norbury et al., 2017). Fragile X syndrome is the

world's most common hereditary cause of developmental delay in

males, and males are more affected by this condition than females (1

in 2500 males and 1 in 8000 females; Hunter et al., 2014). Down

syndrome and intellectual disability also involve a higher incidence in

males compared with females (McKenzie et al., 2016), whereas WS

appears to affect girls and boys equally (Morris et al., 2020). Even if

most neurodevelopmental disorders have a higher prevalence in boys

than girls, this does not imply that language interventions have

unequal effects on boys relative to girls. However, sex differences in

intervention effects may be evident, and the proportion of boys in

the samples may explain variation in effect sizes between studies.

Non‐verbal IQ

Historically, diagnostic criteria for neurodevelopmental disorders have

employed inclusion and exclusion criteria that relate to whether the non‐

verbal IQ is over or below certain thresholds. For instance, to be

diagnosed with “specific language impairment,” non‐verbal IQ had to be

within the “normal range” for age and discrepancies between verbal and

non‐verbal abilities were frequently required. However, the trend in the

DSM‐5 is to downplay the role of cognitive levels as measured by

traditional intelligence tests and to focus more on adaptive functioning.

Similarly, the CATALISE consortium rejected the use of non‐verbal ability

in the absence of intellectual disability) as an exclusion criterion for DLD

(Bishop et al., 2016); moreover, non‐verbal IQ does not appear to be

associated with the rate of language change, at least in the primary

school years (Norbury et al., 2017). Research evidence regarding the role

of non‐verbal cognitive ability in response to treatment is lacking and

urgently needed. Cognitive functioning remains closely intertwined with

neurodevelopmental disorders and poses a key variable that may

influence variance in intervention outcomes (Rice, 2016).

Language level at baseline

How severe language problems are at baseline might also affect the

outcomes of the interventions. Here, three competing hypotheses could

be outlined: First, progress could be similar across the distribution. For

instance, two trials of targeted interventions for children with low

language proficiency (but without a clinical diagnosis) found that baseline

levels of language did not matter for the size of the intervention effects;

the children made equal amounts of progress independent of language

level when the intervention started (Hagen et al., 2017;West et al., 2021).

Note that this pattern would mean that the children with the most

severe impairments did not achieve the same level of outcome as their

more able peers. Second, it could be that a child with severe language

problems to begin with can make accelerated progress because only

small levels of improvement might have a bigger impact on their

language skills. However, one could also predict the opposite: those with

very low levels of language skills to begin with might have more

profound difficulties that are hard to alter with interventions, resulting

in slower rates of language progress. Therefore, we conducted an

exploratory analysis to determine whether response to treatment varies

according to the initial severity of language impairment.

2.4.2 | Factors related to components and
implementation of language intervention that might
influence intervention effects

Focus of the intervention and language skills targeted

Intervention studies vary in the extent to which they target individual

components of the language system (i.e., a specific focus on

vocabulary or particular syntactic constructions) versus a more

generalised approach to language stimulation (i.e., more naturalistic

play or discourse exchanges) that targets a wide range of language

structures. Since the efficacy of the intervention may vary in relation

to the language skills targeted, this variable was examined.

Language outcome measure

Language can be measured in several ways that may also influence the

size of the treatment effect. For example, parent report versus observer

ratings versus direct assessment all provide valid estimates of language,

but they may provide variable estimates for the same child. Standardised

instruments tend to yield smaller estimates of language change relative

to bespoke measures. In a similar vein, outcome measures that are more

proximal to intervention targets typically report larger treatment effects

compared with more distal measures (Nordahl‐Hansen et al., 2016).

Measures of language comprehension generally yield lower estimates of

change relative to measures of language production (Melby‐Lervåg

et al., 2020; Rogde et al., 2019).

Settings

Considering the challenges many children with neurodevelopmental

disorders may have in transferring skills taught during the interven-

tion to other contexts, the context of delivery is especially important.

The context of delivery can vary, with interventions typically

implemented in preschools and kindergartens, in schools, in clinical

settings, or the child's home. The setting may also determine whether

the intervention is delivered on a one‐to‐one basis or in small groups,

which may also moderate treatment outcomes.

Delivery agents

An important aspect of intervention research relates to who delivers

the intervention. Delivery agents vary depending on the context;

typically, parents are the delivery agents when the intervention is

delivered in the home. However, in school‐based studies, interven-

tions can be delivered by speech‐language pathologists, teachers,

researchers and/or trained teaching assistants. Therefore, the

professional qualifications, experience and training available to

delivery agents may moderate treatment outcomes.

Dosage

The amount of intervention required to affect change is a topic of

heated debate; therefore, it is noteworthy that little systematic
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research has investigated the extent to which outcomes depend on the

intervention frequency, duration or intensity (Frizelle et al., 2021;

Warren et al., 2007). Dosage also includes other methods of delivery,

such as booster sessions to sustain an intervention effect following the

initial intervention period. Dosage is an important aspect of intervention

research because it is inevitably tied to time‐, resource‐ and cost‐

efficiency constraints. Determining whether some neurodevelopmental

disorders require different dosages to achieve the same treatment

effect could usefully inform effective service planning.

2.5 | Why it is important to do this review

We essentially have a transdiagnostic approach to education (Astle

et al., 2022), but our intervention research has tended to be narrowly

focused along diagnostic lines. Therefore, there is a need to map

interventions across a range of neurodevelopmental conditions to

gain a better understanding of what works for whom, why, and under

what conditions. Further, there is an urgent need to investigate

potential moderators of treatment effects, given the scarcity of

evidence that such variables influence outcomes (Norbury

et al., 2016). This issue is particularly relevant considering changes

in diagnostic criteria for language disorders to include children with

more variable cognitive profiles (Bishop et al., 2017). Finally, the

review is also important because it aims to highlight areas that

require replication or for which current evidence is lacking.

In the protocol for this review, Nordahl‐Hansen et al. (2019),

presented previous reviews and meta‐analytic studies evaluating the

effects of language interventions in children defined as having

“specific” language disorders or primary speech and/or language

disorders. The are several previous reviews in this area that have

focused on speech‐language pathologists as the primary agent of

intervention delivery (Cirrin & Gillam, 2008; Cirrin et al., 2010;

Gerber et al., 2012; Law et al., 2004). There are also several meta‐

analyses concerning children with autism and different kinds of

language interventions that show promising effects (Hampton &

Kaiser, 2016; Sandbank et al., 2020). Further, a recent systematic

review of children with Down syndrome has shown that these

children might also benefit from language interventions (Smith

et al., 2020). As for the neurodevelopmental disorders with relatively

low incidence, there have mainly been narrative systematic reviews

that also consider effects from previous language intervention

studies (e.g., Erickson et al., 2018, for Fragile X syndrome). However,

these previous meta‐analyses and systematic reviews mainly look at

one neurodevelopmental condition and exclude the others. An

exception is the meta‐analysis conducted by Roberts and Kaiser

(2011), which included children with “all types of language impair-

ments” in addition to intellectual impairments and autism. However,

the authors included only parent‐implemented interventions,

whereas our review considers clinician‐ and educator‐led interven-

tions that may be particularly relevant to older children. Overall,

although there are many reviews of language interventions, no

reviews have examined the efficacy of oral language interventions

across a broad inclusion of children with neurodevelopmental

disorders, evaluated in a cross‐disorder manner. Thus, the main

contribution of this review is to elucidate whether there are

differences in the types of interventions offered, or the responses

to interventions between neurodevelopmental disorders, which can

enhance our understanding of whether tailored interventions are

needed for specific conditions. In addition, the present review has

clinical implications and may guide clinicians, therapists, practitioners

and parents in selecting optimal interventions for these children.

From a societal perspective, this systematic review can inform the

development of policy and best practice for children with neurode-

velopmental disorders. In addition to covering a comprehensive range

of diagnostic conditions, we examined children with neurodevelop-

mental disorders from preschool to school years in an attempt to map

not only the effect of early interventions but also the potential for

language change in older children. A heightened focus on oral language

interventions for school‐aged children is needed because language

disorders are often persistent, while the language needs of educational

curricula and social interactions increase in complexity over time

(Norbury, 2015). This focus also taps into a topic of debate in practice

and policy regarding the optimal age at which children may be most

responsive to intervention (Norbury, 2015).

It is worth emphasising that interventions targeting language in

children are plagued by a lack of rigour, especially considering the

provision of a sound theoretical rationale and evidence for efficacy

(Hulme & Melby‐Lervåg, 2015). Therefore, contributions to building a

sounder evidence base in this field are critical and can provide

information about what works, as well as uncovering what does not.

The proposed review also aims to highlight areas where evidence is

lacking, provide an overview of evidence quality for a range of

neurodevelopmental disorders, and outline priorities for future

research.

3 | OBJECTIVES

In this systematic review, we aimed to investigate the effects of oral

language interventions for children with DLD, intellectual disability,

autism, Down syndrome, Williams syndrome and Fragile X syndrome.

Language development is a highly frequent area of difficulty for

children within these diagnostic groups, and therefore, oral language

interventions are important. However, to provide better evidence‐

informed practice, we need to adopt a transdiagnostic approach in

which we look at effects from interventions across different

disorders, considering common elements of language interventions

and their effects that transcend traditional diagnostic boundaries.

The primary objective of this review is to evaluate the effect of

interventions that aim to increase oral language skills in children with

different neurodevelopmental disorders. The research questions

addressed in this review are as follows:

• How effective are oral language interventions for children across

different neurodevelopmental disorders?
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• Is there evidence that oral language interventions are effective at

follow‐up?

• Are treatment effects robust once publication bias is examined?

• What factors do moderate the response to treatment? The factors

tested included several variables related to the following: 1)

participant characteristics, 2) components and implementation of

the language interventions, and 3) indicators of study quality.

4 | METHODS

4.1 | Criteria for considering studies for this review

4.1.1 | Types of studies

This review includes randomised controlled trials (RCTs) or quasi‐

experimental (QE) designs without randomisation. Control groups in

the studies consisted of “business‐as‐usual” (BAU), waiting list, passive

and active conditions in a domain that did not involve language and

reading activities as these may have an indirect effect on other oral

language skills. In addition, interventions comparing two language

interventions with different delivery components or different dosage

were excluded. The language intervention was required to be additional

to treatment, as is usual to determine whether the focused work on

language provided added value to children with neurodevelopmental

disorders. In addition, we excluded single‐subject design studies as the

results from these studies may not be comparable with the studies

examined in our review due to the type of methodology used to assess

the efficacy of language interventions. To be included, studies had to

report assessments at baseline and after the completion of the training

(i.e., a post‐test and/or a follow‐up) on language outcome measures.

This allowed us to evaluate the following: 1) whether the intervention

and control groups had comparable characteristics at the beginning of

the intervention, and 2) whether the training was effective after the

intervention and/or at follow‐up.

4.1.2 | Types of participants

Studies eligible for the review assessed samples of children from 2 to

18 years with neurodevelopmental disorders, including Developmental

Language Disorder or language difficulties, autism, intellectual dis-

ability, Down syndrome, Fragile X syndrome and Williams syndrome.

We also included studies in which children were described as having

“language difficulties” if these difficulties were sufficiently severe on

standardised assessment to warrant a diagnosis and/or the children

were reported to be receiving specialist clinical or education services

for language. In evaluating the eligibility of the clinical samples, we

examined information on the children's clinical diagnosis or the clinical

assessment and criteria for diagnosis provided by the author(s). It

should be noted that there was great variability in the definition

of the clinical samples, with some studies describing children's

clinical diagnosis or criteria for a diagnosis and others reporting

comprehensive information on the clinical assessment through

cognitive, developmental and adaptive behaviour measures. In addi-

tion, there were studies of children recruited in regular schools and

selected through cut‐off scores on language assessments (i.e., children

with language problems) and others on children attending special

schools or clinics. For this reason, we included studies that recruited

from clinical caseloads or specialist education provision and/or used at

least the 16th percentile (−1 SD) on receptive/expressive tests, as this

is a cut‐off commonly used to identify children with language

difficulties, and there is no consensus on a quantitative cut‐off for

language disorder (Bishop et al., 2017). We excluded studies on

children with primary speech sound disorders these are related to oral‐

motor function, articulation and dyspraxia, where the primary

intervention target is improving speech intelligibility (Cohen, 2001).

4.1.3 | Types of interventions

The included studies had to specifically target oral language skills

through different techniques ranging from explicit and structured

activities (i.e., explicit instruction on vocabulary, narrative structure or

grammatical rules) to implicit and broad activities (i.e., shared book

reading, general language stimulation). We also included interven-

tions aimed at supporting and enhancing parents’ and teachers’

interactions with children who had neurodevelopmental disorders to

optimise their language input and their responses to children's

communicative attempts, to facilitate child language development.

Studies were excluded if they failed to provide sufficient information

on intervention content to judge the focus on oral language or where

language was included as an outcome measure but the intervention

itself focused on broader behavioural or developmental targets.

Since this review aimed to assess the efficacy of oral language

interventions, we excluded the following:

• Interventions that were not primarily language interventions but

instead targeted many areas to sustain children's joint attention,

engagement, regulation and/or primarily social skills (e.g., Joint

Attention, Symbolic Play, Engagement and Regulation [JASPER]).

• Interventions that targeted children's play and social skills or

approaches focusing on visual and/or written information to

supplement verbal communication (Treatment and Education of

Autistic and related Communications Handicapped Children

[TEACCH], the Picture Exchange Communication System [PECS],

augmentative and alternative communication [AAC]).

• Interventions that solely targeted phonological awareness, letter

knowledge, reading fluency or articulation skills.

• Interventions that focused on general cognitive skills, such as

working memory, executive functions or auditory processing as

intervention effects, since these tend to be limited to similar

training tasks and do not transfer to specific oral language targets

(Melby‐Lervåg & Hulme, 2013).

• Dietary and pharmaceutical interventions, which do not primarily

target oral language skills.
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4.1.4 | Types of outcome measures

Primary outcomes

The oral language outcome measures included in the review were

standardised tests, observational measures, parent‐report questionnaires

or researcher‐made tests assessing vocabulary, grammar, narrative,

discourse processing and pragmatic language in receptive and expressive

modalities. Standardised tests comprised tools measuring expressive (e.g.,

the ExpressiveVocabulary Test—Second Edition [EVT‐2]; Williams, 2007)

and receptive vocabulary (e.g., Peabody Picture Vocabulary Test—Fourth

Edition [PPVT‐4]; Dunn & Dunn, 2007), grammar (e.g., Test for Reception

of Grammar Version 2 [TROG‐2]; Bishop, 2003), composite scores of

receptive and expressive skills derived from omnibus tests (e.g., Clinical

Evaluation of Language Fundamentals—Fourth Edition [CELF‐4]; Semel

et al., 2006). As for observation measures, we included the mean length

of utterance (MLU). When these tests were not available, we coded

parent‐report questionnaires of children's language skills (the Macarthur‐

Bates Communicative Development Inventories [M‐CDI]; Fenson

et al., 2007). Finally, the assessment tools for communication acts (i.e.,

eye contact, conversational repair, topic maintenance) were excluded

because these are mixed indicators of communication and language skills.

Secondary outcomes

Duration of follow‐up. We collected data not only from immediate post‐

treatment testing but also from long‐term follow‐up when available.

Types of settings. We included studies in which interventions were

delivered in preschools, kindergartens, schools, clinical centres or the

children's homes.

Delivery agents. We included intervention studies delivered to

children with neurodevelopmental disorders by clinicians (i.e.,

psychologists, speech‐language therapists [SLTs] and their assistants),

project staff (i.e., researchers, research assistants), parents or

teaching staff (i.e., teaching assistants) that aimed to improve the

oral language skills of children with neurodevelopmental disorders.

Other studies were excluded from this review because they included

non‐person‐delivered interventions. Specifically, computer‐assisted

interventions and interventions with tablets/iPads typically include

brief manipulations in experimental laboratory settings and fall

outside of the traditional delivery agents targeted in this review.

Animal‐assisted interventions do not target the enhancement of

language, focusing instead on adaptive communication.

4.2 | Search methods for identification of studies

4.2.1 | Electronic searches

The last electronic search was conducted in April 2022. In the

searches, the following databases were used: MEDLINE, Embase,

ERIC and PsycINFO (all cross‐searched in Ovid), CINAHL (EBSCO),

the Cochrane Library, the Campbell Library, LILACS (Latin American

and Caribbean Health Sciences Literature), SpeechBITE, Epistemoni-

kos, ClinicalTrials.gov, Linguistics and Language Behavior Abstracts

(LLBA), Scopus Science Direct, Web of Science and Google Scholar.

The search included references without any restrictions on year or

language. Retrieval experts from the medical library at the University

of Oslo supervised the search. A complete list of research terms used

for the present review is reported in Supporting Information 1.

4.2.2 | Searching other resources

We scanned the reference lists of previous reviews and meta‐

analyses on language interventions for the specific diagnostic groups

in the present review and conducted a hand search of the tables of

contents of the following key journals: Journal of Child Psychology and

Psychiatry, Journal of Autism and Developmental Disorders, Interna-

tional Journal of Language and Communication Disorders, and Journal of

Intellectual Disability Research. Finally, we searched grey literature,

including dissertations, reports and conference proceedings via

OpenGrey.eu and PDF searches in Google.

4.3 | Data collection and analysis

4.3.1 | Selection of studies

The meta‐analysis was pre‐registered (Nordahl‐Hansen et al., 2019)

and conducted according to the Preferred Reporting Items for

Systematic Reviews and Meta‐Analyses (PRISMA; Page et al., 2021).

The flowchart in Figure 2 reports information regarding the overall

literature search, process of study selection and final number of

studies included. The search resulted in 8195 records after

deduplication. The references were imported into the Rayyan

software program to conduct screening by titles and abstracts.

First, a random sample of 520 records was independently double‐

screened by one of the authors and a trained research assistant to

assess inter‐rater agreement. The inter‐rater agreement was

assessed using Cohen's K was satisfactory, K = 0.82. Any conflicts

and questions related to the eligibility criteria were resolved by

discussion with the co‐authors before proceeding with the

screening. After screening by titles and abstracts, 427 references

were available; full texts were then screened to check whether the

articles met our inclusion criteria. Another 21 records were

identified via citation searching, resulting in a total of 448 records

assessed for eligibility. At this stage, two different authors (one

being the first author, the rest being distributed among the

remaining authors) independently screened a random sample of

60% of the records. The inter‐rater agreement with Cohen's K was

good (K = 0.83). Questions and conflicts were discussed and

resolved among the authors, and doubts about the inclusion or

exclusion of the remaining 40% of the papers were discussed for

studies that needed further assessment and evaluation.
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4.3.2 | Data extraction and management

The data set of effect sizes was coded in long form, with different effect

sizes referring to the comparison between pre‐test and post‐test (or

follow‐up) on each row. (A time lag was added to distinguish between

post‐test and follow‐up scores.) Effect sizes (i.e., SMDs; see the section

Measures of treatment effects) were calculated from descriptive statistics

reported in tables or text (N, M, SD) for the intervention and control

groups at the pre‐ and subsequent assessments (i.e., post‐test, follow‐up)

whenever possible. Several of the studies in this review evaluated the

efficacy of the intervention on more than one language outcome

measure. When this was the case, all outcome measures of interest were

coded. When studies compared the same control group to different

treatment groups, we computed the effect size differences between

each eligible treatment group and the same control group. Finally, study

findings were sometimes reported in multiple reports, and authors were

contacted if there was uncertainty about multiple publications of the

original study. In addition, if more than one study was described in one

report, the findings for each study were coded separately.

We coded information on participants’ characteristics, including the

type of disorder and diagnostic status, mean age (in months), sex

(proportion of boys), non‐verbal IQ and language level at baseline, when

available. This information was coded separately for each group, when

possible, and then pooled. As for the components and implementation

of the language interventions, information on the type of intervention,

the focus of the intervention and individual effect sizes included the

language outcome measures and the type of indicator provided. In

addition, information on settings, delivery agents, session structure of

the intervention (individual vs. group intervention) and dosage—defined

as session duration (in minutes), the total number of sessions and the

number of weeks of intervention—was coded. As for study quality,

the modality of recruitment of participants, study design, the status of

the control group, type of language test, country, year and type of

publication were coded. The whole sample of studies was used to

calculate the inter‐coder agreement on coding. To accomplish this, the

first and third author coded N, M, and SD data for the intervention and

control groups for pre‐/post‐testing or follow‐up. Once each coder

calculated the effect sizes based on the coded data, Pearson's

correlation was used to test inter‐coder agreement. The Pearson's

correlation between effect sizes was high (r = 0.87), indicating good

agreement. Any disagreements were resolved by discussion and

consultation of the original article.

4.3.3 | Assessment of risk of bias in included studies

Studies included in the review were evaluated using the Cochrane

Collaboration's scale for assessing risk of bias in randomised trials (Higgins

et al., 2011). The tool identifies five quality indicators examining selection

bias (i.e., sequence generation and allocation concealment), performance

F IGURE 2 Flow diagram of the search and inclusion of references.
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bias (i.e., participants and personnel unaware of group assignment),

detection bias (i.e., blind outcome assessors), attrition bias (i.e., participants’

withdrawals leading to incomplete outcome data) and reporting bias (i.e.,

selective outcome reporting). Each indicator was rated as high risk,

unclear risk or low risk. Two of the authors independently assessed these

indicators for each study, and discrepancies were discussed and solved by

consensus among the authors.

4.3.4 | Measures of treatment effect

The effect sizes were standardised mean differences (SMDs) with

Hedges’ correction for small samples (Borenstein et al., 2011). The

effects were calculated as the gain observed in the intervention

group (post‐test or follow‐up minus baseline) corrected for the gain in

the control group, standardised by the pooled standard deviation at

baseline. Specifically, effect sizes and their variances were calculated

using the formulae recommended by Morris (2008; cf. index reported

as dppc2). For the calculation of the effect size variance, we adjusted

the values for a pre‐/post‐test correlation of ρ = 0.5 as a reasonable

estimation of pre‐post correlations in training studies. Effect sizes

calculated from variables with a negative scoring (i.e., with higher

values indicating worse language ability, such as error counts) had

their sign inverted. Thus, a positive effect size indicated that the

intervention group receiving oral language skills training showed a

larger pre‐/post‐test gain compared with the control group. As for

the size of the effect, this was evaluated against baseline benchmarks

for effect sizes from studies of preK–12 education interventions

evaluating effects on student achievement by Kraft (2020). Based on

the distribution of 1942 effect sizes from 747 RCTs evaluating

education interventions with standardised test outcomes, Kraft

(2020) suggested the following benchmarks: less than 0.05 is small,

0.05 to less than 0.20 is medium and 0.20 or greater is large.

4.3.5 | Unit of analysis issues

Multiple outcome variables of interest were frequently reported for the

same intervention–control group comparison, and multiple comparisons

were sometimes reported in the same study (i.e., because a study

included two different intervention groups compared against one

control group; see the section on Data Synthesis). Therefore, effect

sizes were coded as nested within a group comparison and the latter as

nested within a study. This structure of dependencies was dealt with in

the data analysis using correlated and hierarchical models, with an

assumed constant correlation of ρ = 0.7 among effect sizes clustered

within the same study (see the section on Data Synthesis).

4.3.6 | Dealing with missing data

When the descriptive statistics (N, M, SD) necessary for calculating

the effect sizes for any of the outcome measures of interest were not

available from the text or tables, data were extracted from the figures

and elaborated on if necessary (i.e., SDs were approximated from

plotted error bars representing standard errors or confidence

intervals and N, if not directly reported). If needed information was

still missing, the authors were contacted. When eligible references

presented a potential overlap (i.e., they were published by the same

research group and described similar language interventions and

participants), the authors were contacted to clarify whether the

records could describe the same study. When it was clear that

different references reported the same data, only records with more

information (i.e., outcome measures or data on moderator variables)

were included.

4.3.7 | Assessment of heterogeneity

Variability in effect sizes and heterogeneity between studies were

quantified using different statistics (Borenstein et al., 2017) applied

to the meta‐analytic models (see details in the section on statistical

modelling). First, we used the Q‐statistic to test the null hypothesis

that there is no variability in the underlying true effect size (either

between or within studies). Second, we reported the I2 index to

indicate how much of the observed variance was estimated to reflect

differences in the true effect sizes rather than sampling error. Third,

we provided the estimated standard deviation of the true effect sizes

between studies, τstudy, between comparisons, τcomparison, and

between effects, ω.

4.3.8 | Assessment of reporting biases

Assessment of publication bias was complicated by the complex

structure of the data and by the predictably large heterogeneity. A

complex, multilevel data structure implies that a publication bias may

arise for different reasons, including one or more single non‐

significant outcomes being omitted (or reported but p‐hacked) by a

study, a group comparison not being reported by a study, or even an

entire study not being published. We have no means of investigating

all these possibilities. In addition, we did not consider the variety of

inferential processes that may affect publication bias within each

individual study (i.e., type of analysis, use of covariates, corrected vs.

uncorrected multiple comparisons).

We employed the p‐curve method on the whole set of effect

sizes (Simonsohn et al., 2014), as stated in the protocol. The p‐curve

represents the plotted distribution of p‐values, and it depends on

both the distribution of effect sizes and their sample sizes. A right‐

skewed p‐curve (i.e., with a prevalence of small p‐values) suggests a

true non‐zero effect size, whereas a p‐curve that is left‐skewed with

a prevalence of p‐values just below p = 0.05 suggests publication bias.

Unfortunately, the p‐curve method may present the problem of not

accounting for the presence of dependency structures between the

effect sizes, and it is known to perform poorly when there is

between‐study heterogeneity (Rodgers & Pustejovsky, 2021). The
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former (but not the latter) problem can be tackled using methods

based on meta‐regression. Among them, we chose the precision‐

effect test and precision‐effect estimate with standard errors (PET‐

PEESE) method, which is known to perform comparatively better

than alternative conventional meta‐analytic methods to assess

publication bias (Stanley, 2017).

The PET‐PEESE consists of a two‐step meta‐regression method

in which the standard error (first step) and then the variance of the

effect size (second step) is used as the moderator for the effect size

(Stanley & Doucouloagos, 2014). The second step is performed for a

better estimate only if the first step suggests a non‐zero true effect

size. The final, bias‐free estimated effect size is the intercept of the

model. We implemented the PET‐PEESE method as an additional

moderator analysis on the main meta‐analytic model.

A related problem with meta‐regression tests of publication bias

(or the funnel plot) is that the effect size estimate in SMDs is not

independent from its variance (Morris, 2008), which inflates the risk

of falsely detecting or overestimating publication bias (Zwetsloot

et al., 2017). Therefore, we performed the PET‐PEESE method on an

alternate data set in which the variances were estimated, setting d = 0

in Morris’ (2008) formula. This underestimates variances for non‐zero

effects, but at the same time, it presents the benefit of providing

variance estimates that are orthogonal to the effect sizes and thus

usable in funnel plots or regression tests.

4.3.9 | Data synthesis

Meta‐analytic modelling

R software, version 4.3.1 (R Core Team, 2023) was used to calculate

effect sizes and perform all analyses except the p‐curve. The

following R packages were used: “metafor” (Viechtbauer, 2010) to

fit maximum likelihood models, “clubSandwich” (Pustejovsky, 2017)

to impute covariance matrices and calculate robust standard error

estimates and “ggplot” (Wickham, 2016) for plotting. Before

performing the analysis, we checked for extreme values to remove

any implausible effect sizes (i.e., SMD > 2 in terms of net pre‐/post‐

test gain) and any very large between‐group difference at the

baseline (i.e., SMD > 1 at pre‐test).

Following the guidelines by Borenstein et al. (2011), meta‐

analytic estimates were obtained using random‐effects models,

which allowed us to better account for the predictable heterogeneity

across effect sizes. Our effects were nested within group compari-

sons, which were nested within the studies. Within the same study,

multiple effects had correlated sampling errors. To account for this

complex structure of dependencies between effect sizes, we adopted

a multilevel modelling framework with correlated and hierarchical

effects (CHE models; Pustejovsky & Tipton, 2021). A three‐level

random‐effects structure was set with random intercepts for studies,

group comparisons and individual effects. The structure of variances

was passed to the model via an imputed block‐diagonal covariance

matrix (Pustejovsky & Tipton, 2021), which assumed a constant

correlation of ρ = 0.7 among the effect sizes clustered within the

same study. Alternative values of ρ had negligible effects on the final

meta‐analytic estimates (except for the heterogeneity being attrib-

uted to variability in the effects between vs. within studies).

Coefficients were also estimated via maximum likelihood.

Additional analysis of power

Based on the results of the meta‐analysis and plausible assumptions,

we retrospectively considered the power of the set of studies

included in our review. This served both to clarify whether the extant

literature had enough statistical power for the threshold of evidence

traditionally used in the psychological literature (with critical α = 0.05

for type I error) and to provide guidelines for future studies.

Considering power is important not only to reduce false negative

results and improve the discriminability between true positive and

false positive results but also to reduce the mean overestimation of

truly non‐zero effect sizes that emerge as statistically significant (i.e.,

Altoè et al., 2020; Gelman & Carlin, 2014).

In controlled trials with pre‐/post‐test comparisons, power

depends not only on sample size (i.e., how many participants are

allocated to each group) but also on the reliability of the measures in

terms of their stability over time. Toffalini et al. (2021) recently

showed that if used appropriately, such reliability could be largely

improved with even a few repeated measurements per time point.

The retrospective power analysis was performed via simulation using

the analytic strategy and code provided by Toffalini et al. (2021). We

assumed good (but not excellent) stability of measures (test/re‐test

correlation of ρ = 0.7), and we set a critical α = 0.05 for significance,

assuming a single comparison. (With multiple testing, correction

should be applied to p‐values, but we did not investigate this case.)

We examined the power reached with various combinations of effect

sizes (as net SMDs) and sample sizes. All simulations were performed

with 5000 iterations.

4.3.10 | Subgroup analysis and investigation of
heterogeneity

Moderator analysis was conducted via meta‐regression. Since studies

do not always report values for all moderators of interest, there is a

predictable loss of information; because of this, we chose to limit the

moderator analysis only to moderators for which there was a subset

of at least k = 5 studies with complete information. For categorical

moderator variables, we performed moderator analysis only on levels

of the moderator that were represented by at least k = 5 studies. It

should be noted that the moderator analysis was conducted only for

gains observed in the post‐test because of the limited number of

studies that also presented follow‐up observations.

The moderators examined in the meta‐analysis were as follows:

Participants’ characteristics

• Type of disorder. Information on the type of disorder was coded as

language disorder, autism, intellectual disability, Down syndrome,
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Fragile X syndrome or Williams syndrome according to the clinical

diagnosis or the clinical assessment and criteria for a diagnosis

provided by the author(s).

• Diagnostic status. We examined whether the children reported a

“clinical diagnosis” or “difficulties.” When children with autism were

identified with diagnostic tools or evaluated according to autism

symptomatology and when participants were described as having a

genetic syndrome (i.e., Down syndrome, Fragile X syndrome, Williams

syndrome), we coded this information as “clinical diagnosis.” Since

there was considerable variation in the definition of language disorder,

children performing below the 10th percentile on standardised tests

evaluating language skills, children in special schools for children with

language disorders or children referred from speech‐language therapy

caseloads were coded as “clinical diagnosis,” whereas those selected

by screening from mainstream classrooms performing below the 16th

percentile were given the label “difficulties.”

• Age. The mean age (in months) of the intervention and control

groups was coded.

• Sex. Sex composition was coded by calculating the proportion of

boys in the overall sample (children in the intervention[s] and

control groups).

• IQ. Scores on standardised IQ test batteries assessing non‐verbal

IQ were evaluated. As measures of non‐verbal IQ, we found

several tests, including the Leiter International Performance Scale‐

Revised (Leiter‐R, 1979; Roid & Miller, 1997), the performance

score of the Wechsler Intelligence Scale for Children—Fourth

Edition (WISC‐IV; Wechsler, 2003), the Stanford‐Binet Intelligence

Scales—Fifth Edition (SB‐5; Roid, 2003), and theTest of Nonverbal

Intelligence—Third Edition (Brown et al., 1997), and Kaufman Brief

Intelligence Test‐2 (KBIT‐2; Kaufman & Kaufman, 2004). We

coded all scores as standardised scores with the IQ metrics (i.e.,

with M = 100 and SD = 15 for the normative population) to obtain

data on a comparable scale.

• Language level at baseline. Scores on standardised language test

batteries that served to evaluate children's overall or receptive

language skills at baseline were coded, such as the British Picture

Vocabulary Scale—Second Edition (BPVS‐II; Dunn et al., 1997), the

Comprehensive Assessment of Spoken Language (CASL; Carrow‐

Woolfolk, 1999) and the Bayley language composite (Bayley,

2006). Thus, we coded the standardised scores transformed into

the metrics of IQ scores.

Components and implementation of language interventions

• Type of intervention. Interventions were coded as “explicit

instruction,” “implicit/incidental programmes” and “hybrid.”

• Focus of the intervention. The focus of the language intervention

was coded as targeting vocabulary, grammar or multi‐component

programmes when directed at more than one language skill. In

addition, language interventions could focus on general language

stimulation and book reading–related, narrative or social commu-

nication skills (i.e., pragmatic language).

• Language outcome measure. The language task considered to

evaluate the efficacy of the intervention was coded in “vocabulary

(expressive or receptive), grammar, discourse (expressive or

receptive language sub‐scales), and omnibus tests.

• Settings. The place where the intervention was delivered was

coded as “clinic,” “school” (school or special schools/classrooms),

“preschool” (nursery, kindergarten) or “home.”

• Delivery agents. When the intervention targeted the child directly,

those who led the intervention were categorised as “clinicians”

(SLTs or psychologists) or “project staff” (researchers or trained

research assistants). For interventions in which parents and

teachers were trained to deliver the intervention to the children,

the delivery agent was coded as “parent‐mediated” or “teacher‐

mediated” (teachers or teaching assistants).

• Session structure of the intervention. Interventions delivered one‐

on‐one with the child or parents were coded as “individual

intervention,” whereas those implemented in groups were classi-

fied as “group intervention.”

• Dosage. The session duration (in minutes), the total number of sessions

and the number of weeks of intervention were coded. However, for

many implicit/incidental and hybrid interventions (especially those

parent‐mediated interventions provided for children with autism), total

intervention hours do not reflect the total amount of time spent

focusing on language, which was not possible to determine.

Indicators of study quality

• Recruitment. Information on the modality of recruitment of

participants was coded into “specialised centres,” including

children on specialist waiting lists and those involved in training

programs/therapy caseloads, “schools,” “special schools” and “local

agencies and advertisement.”

• Study design. Information on the randomisation was coded as

“RCT” and “QE.”

• Status of the control group. The control group was defined as

“active,” “waiting list” (delayed treatment) or “BAU.”

• Type of language test. This moderator was coded as “standardised

test,” “observational measure,” “parent‐report questionnaire” or

“researcher‐made test.”

• Country. The country where the study took place was coded as

“Europe,” the “US” or “other” (Canada, China, India, Pakistan,

Malaysia and Australia).

• Year of publication. The publication year of all records was coded.

• Type of publication. Studies were coded as “published” (papers in

peer‐reviewed journals) or “unpublished” (theses and conference

papers).

4.3.11 | Sensitivity analysis

For the main meta‐analytic estimates, a sensitivity analysis was

conducted to see how much the estimate varied with each individual

study. This was obtained by recalculating the estimate and removing

one single study at each iteration. A second sensitivity analysis was

conducted to determine how much excluding studies with implausibly

large effects has affected the main meta‐analytic estimates.
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Treatment of qualitative research

We did not include qualitative research.

4.3.12 | Summary of findings and assessment of the
certainty of the evidence

See the discussion section for a detailed account of this.

5 | RESULTS

5.1 | Description of studies

5.1.1 | Results of the search

After completion of the full‐text screening and preliminary check, we

retained 42 publications for the analysis (see section below). A

detailed description of the effect sizes and group comparisons

derived from these publications are reported in the sections below.

5.1.2 | Included studies

Overview of study characteristics

A total of 141 effects from 45 studies and 54 group comparisons were

coded. There were only six studies with multiple group comparisons,

with 39 including only one pair of groups (one intervention vs. one

control). A preliminary check led to 12 effects (8.5%) being removed as

implausible (these ranged between 2.1 and 5.70, with a single outlier of

15.7 being due to a floor effect with virtually null between‐participant

variability at pre‐test). An additional three effects (2.4%) were removed

because of a large difference between groups at baseline (absolute

values ranged between 1.1 and 2.2). Thus, three studies (Allen &

Marshall, 2015; Girolametto et al., 1996; Lousada et al., 2016) were

excluded from the analysis at this stage. After this filtering, the final data

set included 129 effect sizes from 42 studies and 51 group comparisons.

(Again, only six studies included more than one group comparison.) An

overview of the characteristics of the studies included in the review is

reported in Table 1.

Participants’ characteristics. Out of 42 studies, 22 reported samples

with language disorders or language problems, 14 described children

with autism, three described children with Down syndrome, one

described children with Fragile X syndrome, and two reported on

mixed cases. Among studies with mixed cases, one intervention

focused on children with intellectual disability and Down syndrome,

and one included individuals with autism, pragmatic language

impairment or social communication disorder, but none targeted

children with Williams syndrome. As for clinical status, 36 studies

included participants with a clinical diagnosis, whereas six focused on

children with language difficulties who had not yet received a formal

diagnosis (i.e., children with language difficulties). The unweighted

grand average of mean ages across the 42 studies was 6.5 years,

ranging between 2.6 and 14.2 years; the median percentage of males

in the samples was 75.0%, ranging between 20.6% and 100.0%. The

estimated mean non‐verbal IQ (standardised score) of participants

was reported by 14 studies, with an unweighted grand average

IQ = 84.68, ranging between 41.5 and 107.7. The average global

language levels (standardised score) of participants at baseline were

reported by 10 studies, with an unweighted grand average standard

score of 80.93, ranging between 70.76 and 91.95.

Components and implementation of language interventions. As for the

type of language intervention, 23 studies implemented explicit

instruction, 12 studies used an implicit/incidental approach and eight

used a hybrid approach. Some interventions focused on specific

language skills (seven studies on vocabulary and six on grammar), and

two studies were multi‐component programmes targeting more than

one language skill at the same time. In addition, 10 studies

implemented a general language stimulation intervention and eight

studies implemented a book reading–related language programme.

Finally, two studies focused on narrative skills and two on social

communication skills. Studies examined in this review often included

multiple language outcome measures, including vocabulary (16

studies on expressive vocabulary and six studies on receptive

vocabulary), grammar (16 studies), discourse (15 studies on expres-

sive discourse and 121 studies on receptive discourse), or omnibus

measures (seven studies on total receptive language and seven

studies on total expressive language).

Regarding the implementation of the language interventions,

training was conducted at schools (16 studies), the clinic (13 studies)

or home (12 studies). However, one study failed to report any

information on settings (Casenhiser et al., 2013). Implicit/incidental

interventions were sometimes conducted in the clinic with some

sessions delivered at home. Interventions were led by clinicians (15

studies) and research staff (three studies) who worked directly with the

children. In addition, there were parent‐mediated (17 studies) and

teacher‐mediated (eight studies; one study was both parent‐ and

teacher‐mediated) interventions delivered individually (27 studies), in

groups (13 studies) or by mixed delivery (two studies). Information on

dosage shows that interventions aimed directly at children and teacher‐

mediated interventions lasted, on average, 41.41min per session

(ranging between 15 and 165min) and that a mean of 29.47 sessions

(ranging between 8 and 100) were delivered for an average of 12.81

weeks (ranging from 5 to 22).

Indicators of study quality. We examined several indicators of study

quality. Participant recruitment was conducted through schools (six

studies) and special schools (11 studies), specialised centres (14

studies), local agencies and advertisements (six studies) or mixed

modalities (three studies), while two failed to report information (Salt

et al., 2002; van der Schuit et al., 2011). Studies described RCT

interventions (21 studies) and QE (21 studies) study designs involving

active (two studies), waiting list (16 studies) and BAU (23 studies)

groups. However, one study failed to report clear information on the
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control group's condition (Wright et al., 1993). As for the type of

language test to evaluate the efficacy of the intervention, studies

used standardised tests (32 studies), observation measures (seven

studies), parent‐report questionnaires (six studies) or research‐made

tasks (one study) (some used multiple types). Studies were conducted

in Europe (19 studies), the US (11 studies) or other countries (12

studies), and all studies were published in peer‐reviewed journals.

5.1.3 | Excluded studies

We excluded studies that did not present an intervention targeting

language skills, did not report any measures of language skills, did not

target children with neurodevelopmental disorders or did not include an

adequate control group. In addition, language intervention studies on

children younger than 2 years and those using multiple baseline designs

were excluded. Some studies were shortlisted but ultimately excluded

because they failed to report relevant statistics to calculate an effect

size, and it was not possible to obtain data from the authors (Figure 2).

5.2 | Risk of bias in included studies

Figure 3 shows an overview of the risk of bias in the included studies.

Online Supplement 2 provides details on the judgements and

classification of the risk of bias categories.

5.2.1 | Allocation (selection bias)

Selection bias

Sequence generation refers to random group assignment and

allocation concealment and whether the participants were randomly

assigned to the study conditions. When a study reported that it was

impossible to randomise participants or that the study was

conducted on a convenience sample, both sequence generation

and allocation concealment were rated as “high risk of bias.”

Although several studies labelled their intervention as randomised,

many failed to report information about sequence generation and

allocation concealment. In addition, some studies described a

random sequence to assign participants to different conditions in

studies on small sample sizes (i.e., 10 or fewer children per group). In

these cases, the studies were rated as “unclear risk of bias.” When

clear information on sequence generation and allocation conceal-

ment was provided, the study was rated as “low risk of bias.”

Regarding sequence generation, most of the studies included in the

review were rated as unclear‐risk (21 studies), whereas the others

were rated as low (13 studies) or high risk (seven studies). As for

allocation concealment, most of the studies were rated as “unclear

risk” (27 studies) and a few as low (eight studies) or high risk (six

studies).

5.2.2 | Blinding (performance bias and
detection bias)

Performance bias

Studies were rated as having “high risk of bias” when the study

participants and personnel conducting the study were not masked to

treatment allocation. Studies that failed to report any information on

blinded personnel or participants after enrolment in the study were rated

as “unclear risk of bias.” Most of the included studies were rated as

“unclear risk” (28 studies) and others as high (12 studies) or low (one

study) risk.

Detection bias

Studies were rated as “high risk of bias”when the outcome evaluators

were not blind to the participant's group condition and as “unclear

F IGURE 3 Authors’ evaluations regarding each risk‐of‐bias item presented as percentages across included studies.
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risk of bias” when there was no information on whether the assessors

were blind to the participants’ intervention group. When a study

stated that outcome assessors were blinded to the participant's group

assignment, the study was rated as “low risk of bias.” Approximately

half the studies were rated as “low risk” (22 studies), whereas the

others were rated as “unclear” or “high risk” (15 and four studies,

respectively).

5.2.3 | Incomplete outcome data (attrition bias)

Attrition bias

Attrition bias refers to participants’ withdrawals, leading to missing

data. When studies reported a high attrition rate and did not account

for missing data in the analysis (i.e., they used multiple imputations or

estimators for missing data), the study was rated as “high risk of bias.”

When there was no information on the attrition rate or how missing

data were treated, the study was rated as “unclear risk of bias.” In

contrast, when information was available on how missing data were

handled in the analysis and when the attrition rate was low, the study

was rated as “low risk of bias.” Several studies were rated as low (17

studies) or unclear risk (18 studies), and a few as “high risk” (six

studies).

5.2.4 | Selective reporting (reporting bias)

Reporting bias

When the intervention study was pre‐registered, the study was

coded as “low risk of bias”; and when this information was not

reported, the study was rated as “unclear risk of bias.” Most of the

studies were rated as “unclear risk” (33 studies) and the others as

“low risk” (seven studies) or “high risk” (one study, which clearly

stated that the intervention was not pre‐registered).

5.3 | Effects of interventions

5.3.1 | Meta‐analytic estimates

Effect sizes for pre‐test/post‐test comparisons were reported by 38

studies, with 46 group comparisons and a total of 108 effects. The

overall meta‐analytic estimate of the mean effect was d = 0.27 [95%

confidence interval [CI]: 0.15, 0.38]. In line with benchmarks

suggested by Kraft (2020), this can be considered a moderate to

large effect. The overall true heterogeneity was moderate, I2 = 45%.

The model does not estimate heterogeneity in the true effect size

across studies, τstudy = 0.00 (meaning that the 95% PI of the true

effect size across studies is estimated as having a null range), while

the heterogeneity was considerable across group comparisons,

τcomparison = 0.13, and between effect sizes within the same group

comparison, ω = 0.21.

Due to the large number of effect sizes, Figure 4 shows the

forest plot of effect sizes aggregated by comparison‐within‐study

(assuming a correlation between effects of 0.70), with informa-

tion of the study and group comparisons in which they are

clustered and group the studies by disorder. A sensitivity analysis

based on all effect sizes used for the meta‐analysis was obtained

by leaving one study out of the analysis at a time and recalculating

the overall meta‐analytic effect with its 95% CI (see Supporting

Information: Figure S1). The range of estimates was between 0.23

and 0.31. This was set to ensure that no single study had a major

effect on the overall estimate. A second sensitivity analysis re‐

included all studies regardless of the plausibility of their effect

sizes. The estimated mean effect size was larger and much more

uncertain, d = 0.35 [95% CI: 0.20, 0.50]. The overall heterogeneity

was larger, I2 = 70%. The leave‐one‐out range of variation was

[0.32, 0.40].

Effect sizes for pre‐test/follow‐up comparisons were reported

by eight studies, with 12 group comparisons and a total of 21

effects. The overall meta‐analytic estimate of the mean effect at

follow‐up was d = 0.18 [95% CI: 0.03, 0.33]. (The follow‐up was

conducted on average after 6 months, with a range of 3–12

months.) The estimated heterogeneity was small, total I2 = 10%,

with no heterogeneity estimated between studies, τstudy = 0.00, and

minimal heterogeneity between group comparisons, τcomparison =

0.06, and effect sizes, ω = 0.06. The forest plot of effect sizes at

follow‐up aggregated by comparison‐within‐study (assuming a

correlation between effects of 0.70) is reported in Supporting

Information: Figure S2. Leave‐one‐out range of variation was [0.16,

0.23]. Sensitivity analysis conducted without excluding any

(implausible) effect size, suggested a meta‐analytic estimate of

d = 0.23 [95% CI: 0.06, 0.40], total I2 = 28%, with a leave‐one‐out

range of variation of [0.18, 0.29].

It should be noted that, for both main meta‐analytic models,

heterogeneity was estimated as null at the between‐study level.

Although the models correctly converged, this might be due to

imperfect estimation linked with a complex data structure associated

with a not so large number of observations. Forest plots in Figure 4

and Supporting Information: Figure S3, however, suggest that this

might also be explained by the data: many studies present very large

uncertainty bounds, meaning that their deviation from the overall

effect might well be explained by sampling error. Furthermore, some

of the most clearly heterogeneous effect sizes are indeed reported

within the same study or group comparison (e.g., Boyle et al., 2009;

Joffe et al., 2019; van der Schuit et al., 2011).

5.3.2 | Assessment of publication bias

Because of the limited number of different studies and effect sizes,

the assessment of publication bias via p‐curve could be meaningfully

conducted only for the pre‐test/post‐test comparison. Figure 5

shows the p‐curve analysis, which suggested no risk of publication
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bias at the level of the entire set of effect sizes. It included 24

statistically significant effects. The distribution of the significant

p‐values was significantly right‐skewed (p = 0.0001), suggesting no

anomalous concentration of p‐values around .05. The estimated

power, based on the distribution of significant effects, was 43%

[21%, 65%]. It should be noted that this analysis was based on

p‐values recalculated from our z scores (not those reported directly

by the studies); it did not consider the structure of dependencies

among effects, and it could perform poorly as a result of between‐

study heterogeneity (see the Methods section).

We also examined publication bias via the PET‐PEESE meta‐

regression method. This approach allows us to model the structure

of the dependencies among effect sizes and provides a bias‐free

estimate of the effect size. We used an alternate set of variances

estimated from the sample size alone to make them independent

from effect sizes, but using the same meta‐analytic model presented

above. For pre‐test/post‐test comparisons, the PET meta‐

regression suggested that standard error was a significant positive

moderator of the effect size, B = 1.48 [95% CI: 0.49, 2.47],

p = 0.004. In other words, small studies tended to yield bigger

effect sizes. The estimated bias‐corrected effect size (i.e., the

intercept) was no longer significant and even became negative,

d = −0.13 [95% CI: −0.45, 0.19], p = 0.439. An excess of bias

correction is a known possibility in PET meta‐regression (Stanley &

Doucouloagos, 2014). However, the PET‐PEESE method suggests

that there is publication bias and that the bias‐corrected effect may

be null. The funnel plot with the PET meta‐regression is shown

in Figure 6. For pre‐test/follow‐up comparisons, the PET

F IGURE 4 Forest plot of effects for pretest‐posttest comparisons aggregated by comparison‐within‐study. Error bars represent 95%
confidence intervals (CIs). Larger dots indicate higher precision (i.e., smaller standard errors). The diamond below represents the overall
meta‐analytic mean effect (its width represents the 95% CI).
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meta‐regression suggested that standard error was a statistically

significant positive moderator of the effect size, B = 2.57, p = 0.020.

Once again, the estimated bias‐corrected effect size was no longer

statistically significant and it was even negative, d = −0.34 [−0.82,

0.13], p = 0.159. The funnel plot with the PET meta‐regression is

shown in the Supporting Information: Figure S3.

5.3.3 | Analysis of moderators

Because of the limited number of studies, moderator analyses could

be conducted only for pre‐test/post‐test comparisons.

Participants’ characteristics

There were two diagnostic conditions that had at least five studies—

namely, language disorder (20 studies) and autism (12 studies). The

moderator analysis showed no evidence of a difference between the

two levels of the moderators, Q(1) = 0.13, p = 0.716, as the estimates

for language disorder, d = 0.24 [95% CI: 0.09, 0.39], and autism,

d = 0.29 [95% CI: 0.09, 0.48], were very similar.

There were enough studies for both “Clinical” (33 studies) and

“Non‐clinical” (five studies) diagnostic status. The moderator analysis

failed to suggest statistical significance, Q(1) = 3.28, p = 0.070,

although the effect size appeared larger for “Clinical status,”

d = 0.31 [95% CI: 0.19, 0.44] than for “Non‐clinical” status, d = 0.11

[95% CI: −0.07, 0.29].

All studies reported information on sample age; however, age

was not a statistically significant moderator of the effect size, Q

(1) = 0.016, p = 0.901 B = −0.0002. Twenty‐five studies included

information on sex composition of the sample (proportion of boys),

which did not moderate the effect size Q(1) = 0.16, p = 0.689,

B = 0.17. Fourteen studies reported information about non‐verbal

IQ and 10 reported language level at baseline. The level of non‐verbal

IQ did not moderate effect size, Q(1) = 0.00, p = 0.985, B = 0.000.

Language level did moderate effect size either, Q(1) = 1.49,

p = 0.220, B = −0.02.
F IGURE 5 P‐curve (Simonsohn et al., 2014) calculated via
online app.

F IGURE 6 Funnel plot of all effect sizes (visually clustered by study), with PET meta‐regression slope and PET‐corrected effect size (dot on
the top, with error bar representing its 95% confidence interval).
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Components and implementation of language interventions

The intervention type had all three levels with sufficient study

numbers for the moderator analysis; these levels were “explicit

instruction” (21 studies), “implicit/incidental approach” (10 studies),

and “hybrid approaches” (eight studies). The moderator analysis failed

to show evidence of a difference among the three levels of the

variable, Q(2) = 0.02, p = 0.988, with interventions on explicit instruc-

tion, d = 0.26 [95% CI: 0.12, 0.40], implicit/incidental approach,

d = 0.25 [95% CI: 0.02, 0.49], and hybrid approaches, d = 0.28 [95%

CI: 0.03, 0.53], showing relatively similar effects. It should be noted

that the “implicit approach” was associated with participants being

younger (Mage = 59.39 months) than in “explicit instruction” (Mage =

86.92 months) or “hybrid approach” (Mage = 79.97 months). However,

age itself did not moderate the effect size (see above), and controlling

for age left the effect of intervention type non‐significant and

practically irrelevant, Q(2) = 0.03, p = 0.983.

As for the focus of the intervention, five levels of the moderator

had an adequate number of studies for the analysis: vocabulary (six

studies), grammar (six studies), multi‐component (seven studies),

general language stimulation (eight studies), and book reading related

programmes (eight studies). The moderator analysis did not reach

significance, Q(4) = 2.71, p = 0.607. However, the failure to reach

significance may have been due to lack of power, as the estimated

effect sizes for different intervention foci were largely heteroge-

neous, giving the following results: vocabulary, d = 0.17 [95% CI:

−0.13, 0.46]; grammar, d = 0.54 [95% CI: 0.16, 0.91]; multi‐

component, d = 0.29 [95% CI: 0.05, 0.52]; general language stimula-

tion, d = 0.36 [95% CI: 0.10, 0.62]; and book reading–related

programmes, d = 0.22 [95% CI: −0.09, 0.53].

As for the language outcome measures, expressive and receptive

vocabulary (15 and six studies, respectively), grammar (15 studies),

expressive and receptive discourse (14 and 11 studies, respectively),

and omnibus expressive and receptive tests (five studies each), had

enough studies. This variable emerged as a statistically significant

moderator of the effect size, Q(6) = 28.89, p < 0.001. The differences

concerned receptive vocabulary and omnibus receptive tests, which

showed smaller effect sizes, while the other outcomes presented

rather homogeneous effects. For expressive vocabulary, d = 0.24 [95%

CI: 0.09, 0.39]; for receptive vocabulary, d = 0.05 [95% CI: −0.12, 0.22];

for grammar, d = 0.31 [95% CI: 0.14, 0.48]; for expressive discourse,

d = 0.34 [95% CI: 0.19, 0.48]; for receptive discourse, d = 0.45 [95% CI:

0.28, 0.62]; for omnibus expressive, d = 0.33 [95% CI: 0.11, 0.55]; for

omnibus receptive measures, d = −0.04 [95% CI: −0.28, 0.20].

The type of setting revealed an adequate number of studies for

interventions conducted at clinics (11 studies), children's homes (11

studies), and schools (15 studies). The test for moderators failed to

reach the conventional threshold for statistical significance, Q

(2) = 5.92, p = 0.052, but once again, this may have been due to a

lack of power, as the estimated effect size for interventions

conducted at the clinic, d = 0.55 [95% CI: 0.29, 0.81], was quite

different from the estimates for the interventions conducted at

children's homes, d = 0.21 [95% CI: 0.03, 0.38], and schools, d = 0.21

[95% CI: 0.08, 0.34]. We then examined delivery agents as a

moderator of the effect sizes, including the clinicians (14 studies),

teacher‐mediated (eight studies), and parent‐mediated (14 studies)

categories, which had an adequate number of studies for the analysis.

The moderator analysis did not reach significance for this factor, Q

(2) = 1.33, p = 0.515. The effect sizes for interventions delivered by

clinicians were d = 0.33 [95% CI: 0.12, 0.54], and those for parent‐

mediated and teacher‐mediated interventions were d = 0.22 [95% CI:

0.05, 0.39] and d = 0.17 [95% CI: 0.00, 0.34], respectively.

We examined whether the session structure of the intervention

and dosage explained heterogeneity across studies. As for the session

structure of the intervention, there were enough studies for the

individual and group categories (23 and 12 studies, respectively). The

moderator analysis was not statistically significant, Q(1) = 0.835,

p = 0.361, indicating that the effect size estimated for individual

sessions, d = 0.29 [95% CI: 0.16, 0.43], and group sessions, d = 0.20

[0.03, 0.36], were similar. As for dosage, we examined session duration

(23 studies), number of weeks of intervention (25 studies), and the

total number of sessions (23 studies). We found that session duration

and the number of weeks of intervention significantly moderated the

effect size estimate. For session duration, Q(1) = 13.09, p = <0.001,

B = 0.006; this means that, for every 15min more of session duration,

the effect size is estimated to increase by approximately Δd = 0.09. For

the number of weeks of intervention, Q(1) = 5.75, p = 0.017, B = 0.027;

this means that for every additional month of intervention, the effect

size is estimated to increase by approximately Δd = 0.12. In contrast,

the total number of sessions was not a statistically significant

moderator of the treatment effect, Q(1) = 0.40, p = 0.530, B = 0.002.

Indicators of study quality

Recruitment had an adequate number of studies for four categories—

namely, specialised centres (12 studies), special schools (10 studies),

schools (six studies), and local agencies and advertising (five studies). The

moderator analysis did not show a difference across the levels of the

moderator, Q(3) = 1.334, p =0.719. The effect sizes for specialised

centres, d =0.17 [95% CI: −0.02, 0.36], special schools, d = 0.27 [95% CI:

0.05, 0.50], schools, d =0.21 [95% CI: −0.03, 0.39], and local agencies,

d= 0.36 [95% CI: 0.09, 0.64], were indeed similar, although not identical.

As for the type of study design, we examined RCTs (17 studies)

and QE interventions (21 studies). The moderator analysis was not

statistically significant, although not far from it, Q(1) = 3.28, p = 0.070,

and the estimates for QE studies, d = 0.40 [0.21, 0.60], and RCTs,

d = 0.19 [0.07, 0.31], were quite divergent. As for the status of the

control group, only studies using waiting lists (16 studies) and BAU

conditions (19 studies) were sufficient to perform the analysis. In a

similar fashion to the type of study design, the status of the control

group did not reach significance, Q(1) = 2.39, p = 0.122. Nonetheless,

the effect sizes for the waiting list, d = 0.17 [0.00, 0.33], and BAU,

d = 0.35 [0.19, 0.50], were quite divergent. We then examined the

type of language tests, including “standardised tests” (29 studies),

“observational measures” (seven studies) and parent‐report (five

studies), which all had a sufficient number of studies for the analysis.

These variables did not moderate the overall effect size estimate, Q

(2) = 0.57, p = 0.752, with standardised tests, d = 0.22 [0.11, 0.33],
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observational measures, d = 0.33 [0.05, 0.62], and parent‐report

questionnaires, d = 0.25 [0.00, 0.51], showing similar effect sizes.

We considered country as a possible moderator and the Europe (17

studies), the US (10 studies) and other (11 studies) categories for the

analysis, which represented enough studies to be reported. These

variables did not moderate the effect size, Q(2) = 2.18, p

= 0.336. The estimated effect sizes were as follows: Europe, d = 0.19

[0.04, 0.33]; the US, d= 0.36 [0.18, 0.55]; and other countries, d = 0.24

[0.02, 0.46]. Finally, we assessed the publication year and publication

status. The former (38 studies) was not a statistically significant

moderator of the effect size, Q(1) = 1.82, p= 0.177, B = −0.013, while

the latter lacked unpublished studies to perform the analysis (all studies

had been published).

5.3.4 | Retrospective consideration of power

Our meta‐analysis suggested that the true average (net) effect size

for pre‐test/post‐test comparison is most likely between d = 0.15 and

d = 0.38 (considering the 95% CI). The overall point estimate was

d = 0.27. The overall heterogeneity was modest. As explained above,

we adopted the simulation procedure and code offered by Toffalini

et al. (2021) to perform power analysis for a pre‐test/post‐test‐

control design. All simulations were run with 5000 iterations,

assuming test/re‐test stability of r = 0.70 and a critical α = 0.05 for

statistical significance. Assuming d = 0.15, a sufficient power of 80%

would be reached with a total sample of N = 720 (i.e., n = 360 per

group); assuming d = 0.38, the same power would be reached with a

total sample of only N = 112 (i.e., n = 56 per group). However, for the

most likely true effect size, d = 0.27, 80% power is achieved with

N = 220 (i.e., n = 110 per group). Nonetheless, power could be

increased even with the same sample size, using repeated measure-

ments for each time point and/or using measures with higher

reliability (see Toffalini et al., 2021).

Across the studies/group comparisons included in our meta‐

analysis, the median sample size was N = 43 (about n = 22 per group).

None of the group comparisons would reach the required level of

power for d = 0.27, as indicated above (the largest sample size for a

single group comparison was 200, including 99 treated individuals

and 101 controls). Considering the median sample size of 43 (i.e.,

n = 22 per group), the median power of the studies that we reviewed

could be estimated at 22% for d = 0.27; considering the uncertainty

bounds, it could be estimated at 10% for d = 0.15 to 39% for d = 0.38.

The exaggeration ratios (i.e., the ratio between the estimated effect

size associated with p < 0.05 and the assumed true effect size;

Gelman & Carlin, 2014) is 2.02 for the point estimate, and 3.47 to

1.53 for the uncertainty bounds, suggesting that when the median

study finds a statistically significant effect, it is poised to substantially

overestimate the true treatment effect.

It should be noted that the actual power might even be much

lower than indicated above. This is because our assessment of

publication bias via the PET‐PEESE method suggested that the true

effect size may even drop to zero after correcting for publication bias.

6 | DISCUSSION

6.1 | Summary of main results

Overall, the current meta‐analytic review yielded the following

important findings regarding the effects of oral language interven-

tions from a transdiagnostic perspective.

6.1.1 | Are oral language interventions effective to
attenuate language problems in children across
different neurodevelopmental disorders?

There are initial indications that oral language interventions can yield

moderate effects on language. The majority of the intervention studies

eligible for our meta‐analytic review targeted children with language

disorder and children with autism. Effect sizes of the effectiveness of

oral language interventions across these two groups were similar,

showing that interventions for these neurodevelopmental conditions

had moderate effects in attenuating language problems at post‐test.

Evidence on follow‐up evaluations, available for only eight studies,

pointed to a smaller but still positive and statistically significant effects

after an average of 6 months from the end of the intervention.

However, this conclusion is tempered by evidence of publication bias.

Publication bias analysis showed that results at post‐test and follow‐up

were overestimated and that the true effect sizes were no longer

significant after correcting for publication bias. Pre‐registration and

replications of more robust and adequately powered trials—including a

wider range of diagnostic conditions and more extensive reporting on

potential moderator characteristics—are needed to drive evidence‐

based practice and policy.

6.1.2 | What factors do moderate the response to
treatment?

We tested the moderating role related to response to treatment by

examining participant characteristics, components and implementa-

tion of the language interventions, and indicators of study quality.

As for participants’ characteristics, children's diagnosis, diagnostic

status, age, sex, non‐verbal cognitive ability and severity of language

impairment at baseline were not statistically significant. The

same occurred for moderators regarding the implementation of

the language interventions, such as characteristics related to the

intervention content, setting, delivery agent, session structure of the

intervention or total number of sessions. However, language

outcome measures and aspects of dosage were associated with

variation in treatment outcomes. Receptive vocabulary and omnibus

receptive tests showed smaller effect sizes compared to expressive

vocabulary, grammar, expressive and receptive discourse, and

omnibus expressive measures. In addition, longer sessions conducted

over a longer period of time were more beneficial than brief sessions

and short‐term interventions. Finally, indicators of study quality
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(recruitment, study design, status of control group, type of outcome

test, country, and publication year) were not statistically significant

moderators. Notably, the meta‐analysis had limited power to detect

differences in the moderator analysis, largely because most studies to

date have limited power to detect expected modest treatment

effects.

Our findings align well with the meta‐analytic review by Rogde

et al. (2019) on the effects from oral language interventions on

standardised measures of language and reading comprehension. As

for the language outcomes, Rogde et al. (2019) showed a mean effect

of d = 0.16. As for earlier reviews in this area, for instance, Law et al.

(2004) showed very large effects on vocabulary (d = 0.98) and

grammar (d = 0.70), Cirrin and Gillam (2008) demonstrated also large

effects on vocabulary (d between 0.5 and 3.5), Cirrin et al. (2010) also

showed large effects on language measures but also a lot of variation

between studies (effects ranging from d 0 to 1.65). Note that these

studies focused on children with primary language difficulties and no

other developmental concerns, and were concerned with delivery of

intervention by qualified speech and language therapists. Overall, our

review in general showed lower effects than previous reviews when

different neurodevelopmental disorders are examined and publica-

tion bias is taken into account.

There can be several reasons for the discrepancy between our

review and previous reviews. One apparent reason is that many of

the previous reviews included studies with less well‐controlled

designs than ours. It has been demonstrated that intervention

studies that are less well‐controlled typically overestimate effects

(Lipsey & Wilson, 1993). Thus, as study quality have been improved

over the years towards more RCTs, it is also likely that we will

experience a downward trend in effect sizes. Another issue that

might explain this discrepancy is that many of the previous reviews

code outcomes that are constructed by the researchers and contain

elements from the training, together with standardised outcomes.

Such research made, bespoke measures generally yield much larger

effects than standardised measures (Rogde et al., 2021).

As for the moderator analysis, receptive vocabulary and omnibus

receptive tests showed smaller effect sizes compared to expressive

vocabulary, expressive language, and omnibus expressive measures,

which is not surprising given previous studies of these kinds of

language interventions. Typically at pre‐test, previous studies find that

the different language tests constitute a global oral language construct.

However, at post‐test, most studies do not realise measurement

invariance, mainly because the training has affected the measures in

the global language construct unevenly (e.g., see Hagen et al., 2017;

Rogde et al., 2016; West, Snowling et al., 2021). Typically there are

larger impacts from the training on expressive measures than on

receptive measures (Hagen et al., 2017; Melby‐Lervåg et al., 2020;

Rogde et al., 2016). Thus, these kinds of interventions do not seem to

be able to improve the language construct per se, only aspects of it.

However, this does not mean that the improvement is without value,

expressive language is important and improving this might have

positive repercussions, for example in the classroom or social

participation. It also opens up the possibility that the improvement

or some of the improvement might reflect that children receiving the

intervention become less cautious and shy, and are better able to

use their existing language in social settings. If this is the case, then

the effects might not be caused by improvement of aspects of the

language construct, but rather in children's willingness to use the

language skills they have. Thus, in the context of active control groups

(rather than BAU or passive control groups as here) the expressive

effects might be reduced.

6.2 | Overall completeness and applicability of
evidence

The meta‐analytic review shows that there are no transdiagnostic

studies or studies comparing treatment effects across diagnostic

conditions. Unfortunately, we did not find oral language intervention

studies on children with Williams syndrome that matched our

inclusion criteria. Another challenge is the considerable variation in

how language disorders are characterised and how diagnostic criteria

are applied.

6.3 | Quality of the evidence

The main problem with studies in the considered area is that most have

an unclear risk of bias. This is because the reporting quality is generally

poor and many studies fail to give the necessary levels of detail about the

study design. For instance, most studies report that they have used a

randomisation procedure, but few studies report on how the randomisa-

tion was carried out. This lack of detail in the reporting affects not only

the randomisation but also the other risk of bias categories, such as

allocation concealment, blinding, incomplete reporting and selective

reporting. Despite unclear reporting in general, it is clear that most

studies are underpowered. The median power of the studies that we

reviewed could be estimated at 22% for d=0.27. That many of them still

report significant findings is probably due to a combination of small

groups exhibiting spurious but large effects in the short term,

compounded by publication bias. In these selected groups, the standard

deviation on the outcome measures can often be small, and this will also

deflate the effect when there are small mean differences (because the SD

is the denominator in the Cohen's d calculation; Ingre, 2013). However, it

should be noted that many studies featured non‐significant (combined)

effect sizes (see Figure 4, where most CIs overlap with zero). However, it

might still be that these were reported as significant in the paper because

of the use of covariates. Moreover, it might be that many studies

leverage individual significant tests without combining multiple outcomes

or controlling for multiple comparisons.

6.4 | Potential biases in the review process

First, due to staff changes, which consisted of E.T. and K.R. joining the

team during the implementation of the meta‐analysis, different people
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were involved in doing the review versus the original protocol. This

resulted in some changes in the review compared with the protocol. It

also resulted in a long time to conduct the review and the analyses

after the protocol was written. However, the search was updated, so

this should not create any bias. Second, several studies were excluded

because of insufficient data to calculate the effect size. Although we

did send emails to authors, the response rate was low, and this might

have created a bias. Third, determining what is actually a “language”

intervention was not straightforward. We excluded many studies,

particularly those aimed at children with autism, that had a primary

focus on social skills and where language was one of several different

outcomes but not the primary (or named secondary) outcome

measure. Instead, we included only those studies that were explicit

in their descriptions of the intervention or outcomes as focusing on

developing oral language. Fourth, we focused on oral language

interventions and oral language outcomes, given the associations of

oral language with education, health, and social outcomes. However,

we note that for many children with neurodevelopmental disorders,

oral language may not be a suitable or desirable goal of intervention.

We did not feel it would be appropriate to compare oral language

interventions with those that focus on augmentative and alternative

communication (AAC), but we acknowledge that for many young

people with neurodevelopmental disorders AAC would be a valid and

appropriate intervention focus (see O'Neill et al., 2018 for a relevant

meta‐analysis). Fifth, it was not possible to include all neurodevelop-

mental disorders outlined in the pre‐registration because there were

no group intervention studies meeting our criteria for some conditions.

While single case studies may exist for these conditions, we made an a

priori decision not to include single case designs in this review though

these designs may provide additional clinical insights. As for the

moderator analysis, we did not examine some potentially relevant

variables, such as socioeconomic status or maternal education, in part

because this was not reliably reported in the papers. In addition, we

stress that the moderator analyses are not causal. Thus, this means

that there could be other third variables underlying, for instance, the

differences between two sets of studies. Therefore, our findings and

recommendations should be interpreted with caution, since the

samples have not been randomised on the moderators. In addition, it

should be noted that for some moderators, there were few studies;

therefore, important relationships might have been difficult to detect.

Finally, we lacked access to Education Source (EBSCO), British

Education Index (EBSCO), Academic Search Complete (EBSCO), and

ProQuest Digital Dissertations databases, listed in our study pre‐

registration. While most records in the first three databases have likely

been identified with others consulted for this meta‐analysis, we might

have missed detecting dissertations that could have been potentially

relevant to the scope of this review.

6.5 | Agreements and disagreements with other
studies or reviews

See the discussion section for an in detail account of this.

7 | AUTHORS ’ CONCLUSIONS

7.1 | Implications for practice

Our meta‐analytic review has implications for practice and policy. The

current meta‐analysis points out that a transdiagnostic perspective might

be a fruitful approach to planning and delivering interventions, as we did

not find significant differences in treatment effects for different

neurodevelopmental disorders (but note that not all diagnostic conditions

were included). This is particularly important for health and education

systems organised around diagnosis‐specific care pathways. The

evidence presented in this review indicates that condition‐specific

language interventions are not necessarily required. Providing interven-

tion to mixed groups or caseloads of children could be more cost‐

effective, representing an important question for future research. For

most children with neurodevelopmental disorders, continuous and

longer‐term support is needed. It is therefore noteworthy that the

effects from the shorter interventions that characterise most of these

studies are not sufficient to ameliorate child language problems in the

long run, as shown in the few studies that did report follow‐up measures.

As for moderators, age and non‐verbal ability did not moderate

intervention effects; thus, older children and children with intellectual

disabilities may well benefit from focused language intervention. Not only

is early intervention important, but later interventions can make a

difference. It is important to note that how the children were assessed

before the intervention might play a role in the effects of the

interventions. Groups with clinical diagnoses reported higher effects

than intervention for children identified to have language difficulties on a

screening measure. One reason for this could be that samples with

difficulties were more heterogeneous but the interventions were rather

standardised and “targeted” interventions, meaning that they were less

likely to be adapted to individual learning needs. However, it should be

noted that children with autism and genetic conditions are more likely to

be included in the clinical diagnosis group, whereas the groups with

“difficulties” mainly include children with low language proficiency that

may or may not meet clinical diagnostic criteria.

7.2 | Implications for research

Based on our analysis of study quality, several different recommendations

can be highlighted for future studies. First of all, the results showed

indications of considerable publication bias in the results. To handle this, it

is critical to pre‐register future studies to ensure that null findings are

reported. Second, we noted that many of the included trials were

conducted in special schools or clinics by clinicians, who may have a

vested interest in demonstrating positive treatment outcomes. These

conflicts of interest may contribute to publication bias and should be

noted more explicitly in published trials. Third, most studies were severely

underpowered. Since the groups in question here are low‐incidence

populations, for future studies, it is critical to have cross‐laboratory and

cross‐country collaborations to replicate findings and increase sample

sizes. We encourage clinical researchers to collaborate with statisticians in
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a priori power analyses and in designing trials and analysing intervention

outcomes. In addition, using a transdiagnostic approach might make it

easier to conduct more adequately powered studies. Using such an

approach is also more akin to the reality of clinical and educational

caseloads. Fourth, many studies did not report vital information; in

particular, details about randomisation, attrition and quality of the

outcome measures were often missing. To ensure that needed

information is present, future studies should use a standardised way of

reporting intervention studies, such as standard reporting of participant

characteristics and intervention parameters. Few studies were pre‐

registered and this will be important to change. Fifth, the studies used a

large variety of outcome measures. There is a need for harmonisation of

language assessments to facilitate data quality and data sharing in future

studies. In medicine, different areas have developed tools that list

preferred outcomes based on their validity and utility. It would be a great

advantage to have something similar in the area of language, as this

would clearly have the potential to improve research. In addition, only

eight studies reported follow‐up effects, and out of those, none looked at

effects beyond 12 months. There is a need for more long‐term follow‐up,

as well as interventions that are longer lasting than the average 6 months

that was the case here. We know from many studies that intervention

effects tend to fade out rather quickly (Bailey, Duncan, Cunha, et al., 2020;

Bailey, Duncan, Odger, et al., 2017), and determining how to prevent

fade‐out should be an important focus in future studies. Finally, none of

the studies discuss adverse effects from these interventions, for instance,

in relation to the fact that the children were often taken out of the

classroom and that the interventions often took away time that could

have been used in a different way. In future studies, it could also be

important to include this perspective on adverse effects, and if possible,

measure such effects. More knowledge about interventions for children

with neurodevelopmental disorders is critical because this is an issue that

most school systems and healthcare systems across the world are

struggling to address. However, intervention research targeting these

groups seems immature. In future studies, it is important to follow the

above recommendations to develop more robust knowledge about

interventions that can be used to develop better educational and clinical

support for children with neurodevelopmental disorders.

ACKNOWLEDGEMENTS

We thank the medical library at the University of Oslo for excellent

assistance with the search, and the reviewers at all stages of the process.

CONTRIBUTIONS OF AUTHORS

Content: Donolato, Toffalini, Rogde, Norbury, Nordahl‐Hansen,

Lervåg and Melby‐Lervåg

Systematic review methods: Donolato, Toffalini, Rogde, Norbury,

Nordahl‐Hansen, Lervåg and Melby‐Lervåg

Statistical analysis: Donolato, Toffalini, Lervåg and Melby‐Lervåg

Information retrieval: Donolato andMelby‐Lervåg collaborated with

information retrieval experts at the library of the University of Oslo

DECLARATIONS OF INTEREST

The authors have no conflict of interest to declare.

PLANS FOR UPDATING THIS REVIEW

The team will be responsible for updating every 10 years.

DIFFERENCES BETWEEN PROTOCOL AND REVIEW

Some deviations from the protocol were conducted in the review

process:

• Search: Education Source (EBSCO), British Education Index

(EBSCO), Academic Search Complete (EBSCO) and ProQuest

Digital Dissertations were not used in the literature search,

as the University of Oslo does not have access to these

databases.

• Participants: We included studies that used at least the 16th

percentile (−1 SD) on standardised tests to identify children with

language difficulties. In the protocol, we did not impose an a priori

cut‐off for the level or profile of language deficit required for

inclusion in this review.

• Moderators: We added country as a moderator to account

for this variable in the analysis. We also removed Sample

size as a moderator because we performed the PET‐

PEESE analysis for publication bias; this analysis applies a

correction of the estimates accounting for studies with small

samples.

• Analysis: We decided to check extreme values to ensure that the

effect sizes for the analysis were plausible and that the

intervention and control groups were matched at the baseline

for the outcomes evaluating the efficacy of the intervention.

We did not perform meta‐analytic structural equation modelling

(MASEM) because the number of studies prevented us from

conducting this analysis. As for the assessment of publication

bias, we added PET‐PEESE to evaluate the consistency of the

results.

• Risk of bias assessment: We conducted the study appraisal to

evaluate the methodological quality of the selected studies with

the Cochrane Collaboration's scale for assessing risk of bias in

randomised trials (Higgins et al., 2011) instead of the Grading of

Recommendations, Assessment, Development and Evaluation

system (GRADE; Guyatt et al., 2008).

SOURCES OF SUPPORT

Internal sources

• No sources of support provided

External sources

• FINNUT grant (237724), Research Council Norway, to Monica

Melby‐Lervåg (Principal Investigator), Norway

• Economic and Social Research Council (ES/R003041/1) grants to

Courtenay Norbury (Principal Investigator), UK

• FINNUT grant (283586), Research Council Norway, to Arne

Lervåg (Principal Investigator), Norway

ORCID

Enrica Donolato https://orcid.org/0000-0001-5060-7087

32 of 48 | DONOLATO ET AL.

https://orcid.org/0000-0001-5060-7087


REFERENCES

INCLUDED STUDIES

Adams 2012

Adams, C., Lockton, E., Freed, J., Gaile, J., Earl, G., McBean, K., & Law, J.
(2012). The Social Communication Intervention Project: A random-
ized controlled trial of the effectiveness of speech and language

therapy for school‐age children who have pragmatic and social
communication problems with or without autism spectrum disorder.
International Journal of Language & Communication Disorders, 47(3),
223–244. https://doi.org/10.1111/j.1460-6984.2011.00146.x

Baxter 2022

Baxter, R., Rees, R., Perovic, A., & Hulme, C. (2022). The nature and causes of
children's grammatical difficulties: Evidence from an intervention to
improve past tense marking in children with Down syndrome.
Developmental Science, 25(4), 1–16. https://doi.org/10.1111/desc.13220

Boyle 2009

Boyle, J. M., McCartney, E., O'Hare, A., & Forbes, J. (2009). Direct versus
indirect and individual versus group modes of language therapy for

children with primary language impairment: Principal outcomes from
a randomized controlled trial and economic evaluation. International
Journal of Language & Communication Disorders, 44(6), 826–846.
https://doi.org/10.3109/13682820802371848

Burgoyne 2012

Burgoyne, K., Duff, F. J., Clarke, P. J., Buckley, S., Snowling, M. J., &

Hulme, C. (2012). Efficacy of a reading and language intervention for
children with Down syndrome: A randomized controlled trial. Journal
of Child Psychology and Psychiatry, 53(10), 1044–1053. https://doi.
org/10.1111/j.1469-7610.2012.02557.x

Calder 2021

Calder, S. D., Claessen, M., Ebbels, S., & Leitao, S. (2021). The efficacy of
an explicit intervention approach to improve past tense marking for

early school‐age children with developmental language disorder.
Journal of Speech, Language, and Hearing Research, 64(1), 91–104.
https://doi.org/10.1044/2020_JSLHR-20-00132

Casenheiser 2013

Casenhiser, D. M., Shanker, S. G., & Stieben, J. (2013). Learning through

interaction in children with autism: Preliminary data from asocial‐
communication‐based intervention. Autism, 17(2), 220–241. https://
doi.org/10.1177/1362361311422052

Crain‐Thoreson 1999

Crain‐Thoreson, C., & Dale, P. S. (1999). Enhancing linguistic performance:
Parents and teachers as book reading partners for children with language

delays. Topics in Early Childhood Special Education, 19(1), 28–39.

Ebbels 2012

Ebbels, S. H., Nicoll, H., Clark, B., Eachus, B., Gallagher, A. L., Horniman, K.,
Jennings, M., McEvoy, K., Nimmo, L., & Turner, G. (2012). Effectiveness
of semantic therapy for word‐finding difficulties in pupils with persistent
language impairments: A randomized control trial. International Journal of

Language & Communication Disorders, 47(1), 35–51. https://doi.org/10.
1111/j.1460-6984.2011.00073.x

Ebbels 2014

Ebbels, S. H., Marić, N., Murphy, A., & Turner, G. (2014). Improving
comprehension in adolescents with severe receptive language impair-
ments: A randomized control trial of intervention for coordinating
conjunctions. International Journal of Language & Communication

Disorders, 49(1), 30–48. https://doi.org/10.1111/1460-6984.12047

Fey 1993

Fey, M. E., Cleave, P. L., Long, S. H., & Hughes, D. L. (1993). Two
approaches to the facilitation of grammar in children with language
impairment: An experimental evaluation. Journal of Speech, Language,
and Hearing Research, 36(1), 141–157. https://doi.org/10.1044/jshr.
3601.141

Gallagher 2009

Gallagher, A. L., & Chiat, S. (2009). Evaluation of speech and language
therapy interventions for pre‐school children with specific language
impairment: A comparison of outcomes following specialist inten-
sive, nursery‐based and no intervention. International Journal of

Language & Communication Disorders, 44(5), 616–638. https://doi.
org/10.1080/13682820802276658

Gengoux 2019

Gengoux, G. W., Abrams, D. A., Schuck, R., Millan, M. E., Libove, R.,
Ardel, C. M., Phillips, J. M., Fox, M., Frazier, T. W., & Hardan, A. Y.
(2019). A pivotal response treatment package for children with

autism spectrum disorder: An RCT. Pediatrics, 144(3), e20190178.
https://doi.org/10.1542/peds.2019-0178

Girolametto 1996

Girolametto, L., Pearce, P. S., & Weitzman, E. (1996). Interactive focused
stimulation for toddlers with expressive vocabulary delays. Journal of

Speech, Language, and Hearing Research, 39(6), 1274–1283.

Green 2010

Green, J., Charman, T., McConachie, H., Aldred, C., Slonims, V., Howlin, P.,
Le Couteur, A., Leadbitter, K., Hudry, K., Byford, S., Barrett, B.,
Temple, K., Macdonald, W., Pickles, A., & PACT Consortium. (2010).
Parent‐mediated communication‐focused treatment in children with

autism (PACT): A randomised controlled trial. The Lancet, 375,
2152–2160. https://doi.org/10.1016/S0140-6736(10)60587-9

Haley 2017

Haley, A., Hulme, C., Bowyer‐Crane, C., Snowling, M. J., & Fricke, S.
(2017). Oral language skills intervention in pre‐school—A cautionary

tale. International Journal of Language & Communication Disorders,
52(1), 71–79. https://doi.org/10.1111/1460-6984.12257

Hardan 2015

Hardan, A. Y., Gengoux, G. W., Berquist, K. L., Libove, R. A., Ardel, C. M.,
Phillips, J., Frazier, T. W., & Minjarez, M. B. (2015). A randomized
controlled trial of Pivotal Response Treatment Group for parents of

children with autism. Journal of Child Psychology and Psychiatry,
56(8), 884–892. https://doi.org/10.1111/jcpp.12354

DONOLATO ET AL. | 33 of 48

https://doi.org/10.1111/j.1460-6984.2011.00146.x
https://doi.org/10.1111/desc.13220
https://doi.org/10.3109/13682820802371848
https://doi.org/10.1111/j.1469-7610.2012.02557.x
https://doi.org/10.1111/j.1469-7610.2012.02557.x
https://doi.org/10.1044/2020_JSLHR-20-00132
https://doi.org/10.1177/1362361311422052
https://doi.org/10.1177/1362361311422052
https://doi.org/10.1111/j.1460-6984.2011.00073.x
https://doi.org/10.1111/j.1460-6984.2011.00073.x
https://doi.org/10.1111/1460-6984.12047
https://doi.org/10.1044/jshr.3601.141
https://doi.org/10.1044/jshr.3601.141
https://doi.org/10.1080/13682820802276658
https://doi.org/10.1080/13682820802276658
https://doi.org/10.1542/peds.2019-0178
https://doi.org/10.1016/S0140-6736(10)60587-9
https://doi.org/10.1111/1460-6984.12257
https://doi.org/10.1111/jcpp.12354


Henry 2020

Henry, A. R., & Solari, E. J. (2020). Targeting oral language and listening
comprehension development for students with autism spectrum
disorder: A school‐based pilot study. Journal of Autism and

Developmental Disorders, 50(10), 3763–3776.

Hudson 2017

Hudson, R. F., Sanders, E. A., Greenway, R., Xie, S., Smith, M., Gasamis, C.,

Martini, J., Schwartz, I., & Hackett, J. (2017). Effects of emergent
literacy interventions for preschoolers with autism spectrum
disorder. Exceptional Children, 84(1), 55–75. https://doi.org/10.
1177/0014402917705855

Joffe 2019

Joffe, V. L., Rixon, L., & Hulme, C. (2019). Improving storytelling and
vocabulary in secondary school students with language disorder: A
randomized controlled trial. International Journal of Language &

Communication Disorders, 54(4), 656–672. https://doi.org/10.1111/
1460-6984.12471

Lavel l i 2019

Lavelli, M., Barachetti, C., Majorano, M., Florit, E., Brotto, C., &
Miottello, P. (2019). Impacts of a shared book‐reading intervention
for Italian‐speaking children with developmental language disorder.
International Journal of Language & Communication Disorders, 54(4),

565–579. https://doi.org/10.1111/1460-6984.12460

Lo 2021

Lo, J. Y. T., & Shum, K. K. M. (2021). Brief report: A randomized controlled trial
of the effects of RECALL (Reading to engage children with autism in
language and learning) for preschoolers with autism spectrum disorder.

Journal of Autism and Developmental Disorders, 51(6), 2146–2154.
https://doi.org/10.1007/s10803-020-04692-0

Lourenco 2020

Lourenço, I., Rocha, J., Peixoto, V., & Lousada, M. (2020). Effects of the
narrative intervention program for preschool Portuguese children.
Folia Phoniatrica et Logopaedica, 72(3), 211–217. https://doi.org/10.
1159/000496793

McDuffie 2018

McDuffie, A., Banasik, A., Bullard, L., Nelson, S., Feigles, R. T.,
Hagerman, R., & Abbeduto, L. (2018). Distance delivery of a spoken
language intervention for school‐aged and adolescent boys with
Fragile X syndrome. Developmental Neurorehabilitation, 21(1), 48–63.
https://doi.org/10.1080/17518423.2017.1369189

Motsch 2012

Motsch, H. J., & Ulrich, T. (2012). Effects of the strategy therapy ‘lexicon
pirate’ on lexical deficits in preschool age: A randomized controlled
trial. Child Language Teaching and Therapy, 28(2), 159–175. https://
doi.org/10.1177/0265659011432943

Motsch 2015

Motsch, H. J., & Marks, D. K. (2015). Efficacy of the Lexicon Pirate strategy
therapy for improving lexical learning in school‐age children: A
randomized controlled trial. Child Language Teaching and Therapy, 31(2),
237–255. https://doi.org/10.1177/0265659014564678

Norbury 2017

Norbury, C. F., Vamvakas, G., Gooch, D., Baird, G., Charman, T.,

Simonoff, E., & Pickles, A. (2017). Language growth in children with
heterogeneous language disorders: A population study. Journal of
Child Psychology and Psychiatry, 58(10), 1092–1105.

Pile 2010

Pile, E. J., Girolametto, L., Johnson, C. J., Chen, X., & Cleave, P. L. (2010).

Shared book reading intervention for children with language impairment:
Using parents‐as‐aides in language intervention. Canadian Journal of

Speech‐Language Pathology & Audiology, 34(2), 96–109.

Pustejovsky 2021

Pustejovsky, J. E., & Tipton, E. (2021). Meta‐analysis with robust variance
estimation: Expanding the range of working models. Prevention

Science, 1–14. http://doi.org/10.1007/s11121-021-01246-3

Rahman 2016

Rahman, A., Divan, G., Hamdani, S. U., Vajaratkar, V., Taylor, C., Leadbitter, K.,
Aldred, C., Minhas, A., Cardozo, P., Emsley, R., Patel, V., & Green, J.
(2016). Effectiveness of the parent‐mediated intervention for children
with autism spectrum disorder in south Asia in India and Pakistan (PASS):
A randomised controlled trial. The Lancet Psychiatry, 3(2), 128–136.
https://doi.org/10.1016/S2215-0366(15)00388-0

Roberts 2012

Roberts, M. Y., & Kaiser, A. P. (2012). Assessing the effects of a parent‐
implemented language intervention for children with language
impairments using empirical benchmarks: A pilot study. Journal of
Speech, Language, and Hearing Research, 55, 1655–1670. https://doi.
org/10.1044/1092-4388(2012/11-0236)

Roux 2015

Roux, C., Dion, E., Barrette, A., Dupéré, V., & Fuchs, D. (2015). Efficacy of an
intervention to enhance reading comprehension of students with high‐
functioning autism spectrum disorder. Remedial and Special Education,

36(3), 131–142. https://doi.org/10.1177/0741932514533998

Sajaniemi 2010

Sajaniemi, N., Suhonen, E., & Kontu, E. (2010). Verbal and non‐verbal
development in SLI children after early intervention. Early Child

Development and Care. Early Child Development and Care, 180(4),
519–534. https://doi.org/10.1080/03004430802090679

Salt 2002

Salt, J., Shemilt, J., Sellars, V., Boyd, S., Coulson, T., & McCool, S. (2002).
The Scottish Centre for Autism Preschool Treatment Programme: II:

34 of 48 | DONOLATO ET AL.

https://doi.org/10.1177/0014402917705855
https://doi.org/10.1177/0014402917705855
https://doi.org/10.1111/1460-6984.12471
https://doi.org/10.1111/1460-6984.12471
https://doi.org/10.1111/1460-6984.12460
https://doi.org/10.1007/s10803-020-04692-0
https://doi.org/10.1159/000496793
https://doi.org/10.1159/000496793
https://doi.org/10.1080/17518423.2017.1369189
https://doi.org/10.1177/0265659011432943
https://doi.org/10.1177/0265659011432943
https://doi.org/10.1177/0265659014564678
http://doi.org/10.1007/s11121-021-01246-3
https://doi.org/10.1016/S2215-0366(15)00388-0
https://doi.org/10.1044/1092-4388(2012/11-0236)
https://doi.org/10.1044/1092-4388(2012/11-0236)
https://doi.org/10.1177/0741932514533998
https://doi.org/10.1080/03004430802090679


The results of a controlled treatment outcome study. Autism, 6(1),
33–46. https://doi.org/10.1177/1362361302006001004

Sepúlveda 2013

Sepúlveda, E. M., López‐Villaseñor, M. L., & Heinze, E. G. (2013). Can
individuals with Down syndrome improve their grammar?
International Journal of Language & Communication Disorders, 48(3),
343–349. https://doi.org/10.1111/1460-6984.12002

Sokmum 2017

Sokmum, S., Singh, S. J., & Vandort, S. (2017). The impact of Hanen MoreThan
Words programme on parents of children with ASD in Malaysia. Jurnal
Sains Kesihatan Malaysia (Malaysian Journal of Health Sciences), 15(2),
43–51. https://doi.org/10.17576/JSKM-2017-1502-06

Solari 2020

Solari, E. J., Henry, A. R., McIntyre, N. S., Grimm, R. P., & Zajic, M. (2020).
Testing the effects of a pilot listening comprehension and vocabulary
intervention for individuals with autism. Research in Autism Spectrum

Disorders, 71, 101–105. https://doi.org/10.1016/j.rasd.2019.101501

Solomon 2014

Solomon, R., Van Egeren, L. A., Mahoney, G., Huber, M. S. Q., & Zimmerman, P.

(2014). PLAY Project Home Consultation intervention program for
young children with autism spectrum disorders: A randomized controlled
trial. Journal of Developmental and Behavioral Pediatrics, 35(8), 475–485.
https://doi.org/10.1097/DBP.0000000000000096

Starl ing 2012

Starling, J., Munro, N., Togher, L., & Arciuli, J. (2012). Training secondary school

teachers in instructional language modification techniques to support
adolescents with language impairment: A randomized controlled trial.
Language, Speech, and Hearing Services in Schools, 43, 474–495. https://
doi.org/10.1044/0161-1461(2012/11-0066)

van der Schuit 2011

van der Schuit, M., Segers, E., van Balkom, H., & Verhoeven, L. (2011).
Early language intervention for children with intellectual disabilities:
A neurocognitive perspective. Research in Developmental Disabilities,
32(2), 705–712. https://doi.org/10.1016/j.ridd.2010.11.010

van Kleeck 2006

van Kleeck, A., Vander Woude, J., & Hammett, L. (2006). Fostering literal

and inferential language skills in Head Start preschoolers with
language impairment using scripted book‐sharing discussions.
American Journal of Speech—Language Pathology, 15, 85–95.
https://doi.org/10.1044/1058-0360(2006/009)

Wake, Tobin 2013

Wake, M., Tobin, S., Levickis, P., Gold, L., Ukoumunne, O. C., Zens, N., &
Reilly, S. (2013). Randomized trial of a population‐based, home‐delivered

intervention for preschool language delay. Pediatrics, 132(4), e895–e904.
https://doi.org/10.1542/peds.2012-3878

Wake 2015

Wake, M., Levickis, P., Tobin, S., Gold, L., Ukoumunne, O. C., Goldfeld, S.,
& Reilly, S. (2015). Two‐year outcomes of a population‐based
intervention for preschool language delay: An RCT. Pediatrics,
136(4), e838–e847. https://doi.org/10.1542/peds.2015-1337

Washington 2011

Washington, K. N., Warr‐Leeper, G., & Thomas‐Stonell, N. (2011).

Exploring the outcomes of a novel computer‐assisted treatment
program targeting expressive‐grammar deficits in preschoolers with
SLI. Journal of Communication Disorders, 44(3), 315–330. https://doi.
org/10.1016/j.jcomdis.2011.01.002

Westerveld 2021

Westerveld, M. F., Wicks, R., & Paynter, J. (2021). Investigating the
effectiveness of parent‐implemented shared book reading interven-
tion for preschoolers with ASD. Child LanguageTeaching and Therapy,
37(2), 149–162.

Wright 1993

Wright, S. H., Gorrie, B., Haynes, C., & Shipman, A. (1993). What's in a

name? Comparative therapy for word‐finding difficulties using
semantic and phonological approaches. Child Language Teaching

and Therapy , 9 (3) , 214–229. https://doi .org/10.1177/
026565909300900304

EXCLUDED STUDIES

Acosta‐Rodríguez 2022

Acosta‐Rodríguez, V. M., Ramírez‐Santana, G. M., & Hernández‐Expósito,
S. (2022). Intervention for oral language comprehension skills in
preschoolers with developmental language disorder. International

Journal of Language & Communication Disorders, 57(1), 90–102.
https://doi.org/10.1111/1460-6984.12676

Aldred 2004

Aldred, C., Green, J., & Adams, C. (2004). A new social communication
intervention for children with autism: Pilot randomised controlled
treatment study suggesting effectiveness. Journal of Child Psychology

and Psychiatry, 45(8), 1420–1430. https://doi.org/10.1111/j.1469-
7610.2004.00338.x

Allen 2015

Allen, J., & Marshall, C. R. (2015). Parent–Child Interaction Therapy (PCIT)
in school‐aged children with specific language impairment.
International Journal of Language & Communication Disorders, 1–14.
https://doi.org/10.3109/13682822.2010.517600

Bangert 2019

Bangert, K. J., Halverson, D. M., & Finestack, L. H. (2019). Evaluation of an
explicit instructional approach to teach grammatical forms to

DONOLATO ET AL. | 35 of 48

https://doi.org/10.1177/1362361302006001004
https://doi.org/10.1111/1460-6984.12002
https://doi.org/10.17576/JSKM-2017-1502-06
https://doi.org/10.1016/j.rasd.2019.101501
https://doi.org/10.1097/DBP.0000000000000096
https://doi.org/10.1044/0161-1461(2012/11-0066)
https://doi.org/10.1044/0161-1461(2012/11-0066)
https://doi.org/10.1016/j.ridd.2010.11.010
https://doi.org/10.1044/1058-0360(2006/009)
https://doi.org/10.1542/peds.2012-3878
https://doi.org/10.1542/peds.2015-1337
https://doi.org/10.1016/j.jcomdis.2011.01.002
https://doi.org/10.1016/j.jcomdis.2011.01.002
https://doi.org/10.1177/026565909300900304
https://doi.org/10.1177/026565909300900304
https://doi.org/10.1111/1460-6984.12676
https://doi.org/10.1111/j.1469-7610.2004.00338.x
https://doi.org/10.1111/j.1469-7610.2004.00338.x
https://doi.org/10.3109/13682822.2010.517600


children with low‐symptom severity autism spectrum disorder.
American Journal of Speech‐Language Pathology, 28(2), 650–663.
https://doi.org/10.1044/2018_AJSLP-18-0016

Barber 2020

Barber, A. B., Swineford, L., Cook, C., & Belew, A. (2020). Effects of project
ImPACT parent‐mediated intervention on the spoken language of
young children with autism spectrum disorder. Perspectives of the

ASHA Special Interest Groups, 5(3), 573–581. https://doi.org/10.

1044/2020_PERSP-20-10005

Baum 1975

Baum, D. D., Odom, M., & Boatman, R. D. (1975). Environment‐based
language training with mentally retarded children. Education and

Training of the Mentally Retarded, 68–73.

Baxendale 2003

Baxendale, J., & Hesketh, A. (2003). Comparison of the effectiveness of
the Hanen Parent Programme and traditional clinic therapy. Journal
of Language & Communication Disorders, 38(4), 397–415. https://doi.
org/10.1080/1368282031000121651

Bentenuto 2020

Bentenuto, A., Bertamini, G., Perzolli, S., & Venuti, P. (2020). Changes in

developmental trajectories of preschool children with autism spectrum
disorder during parental based intensive intervention. Brain Sciences,
10(289), 1–16. https://doi.org/10.3390/brainsci10050289

Bowyer‐Crane 2011

Bowyer‐Crane, C., Snowling, M. J., Duff, F., & Hulme, C. (2011). Response to
early intervention of children with specific and general language

impairment. Learning Disabilities: A Contemporary Journal, 9(2), 107–121.

Broomfield 2011

Broomfield, J., & Dodd, B. (2011). Is speech and language therapy
effective for children with primary speech and language impairment?
Report of a randomized control trial. International Journal of

Language & Communication Disorders, 46(6), 628–640. https://doi.
org/10.1111/j.1460-6984.2011.00039.x

Buschmann 2009

Buschmann, A., Jooss, B., Rupp, A., Feldhusen, F., Pietz, J., & Philippi, H.
(2009). Parent based language intervention for 2‐year‐old children

with specific expressive language delay: A randomised controlled
trial. Archives of Disease in Childhood, 94(2), 110–116. https://doi.
org/10.1136/adc.2008.141572

Champion 1987

Champion, P. (1987). An investigation of the sensorimotor development of
Down's syndrome infants involved in an ecologically based early

intervention programme: A longitudinal study. The British Journal of

Mental Subnormality, 33(65), 88–99. https://doi.org/10.1179/bjms.
1987.012

Cohen 2006

Cohen, H., Amerine‐Dickens, M., & Smith, T. (2006). Early intensive behavioral
treatment: Replication of the UCLA model in a community setting.
Journal of Developmental & Behavioral Pediatrics, 27(2), 145–155. https://
doi.org/10.1097/00004703-200604002-00013

Cole 1986

Cole, K. N., & Dale, P. S. (1986). Direct language instruction and interactive
language instruction with language delayed preschool children: A
comparison study. Journal of Speech, Language, and Hearing Research,
29(2), 206–217. https://doi.org/10.1044/jshr.2902.206

Colmar 2011

Colmar, S. (2011). A book reading intervention with mothers of children
with language difficulties. Australasian Journal of Early Childhood,
36(2), 104–112. https://doi.org/10.1177/183693911103600214

Colombi 2018

Colombi, C., Narzisi, A., Ruta, L., Cigala, V., Gagliano, A., Pioggia, G.,

Siracusano, R., Rogers, S. J., Muratori, F., & Prima Pietra Team. (2018).
Implementation of the early start Denver model in an Italian community.
Autism, 22(2), 126–133. https://doi.org/10.1177/1362361316665792

Dale 1996

Dale, P. S., Crain‐Thoreson, C., Notari‐Syverson, A., & Cole, K. (1996). Parent‐
child book reading as an intervention technique for young children with

language delays. Topics in Early Childhood Special Education, 16(2),
213–235. https://doi.org/10.1177/027112149601600206

Davies 2004

Davies, P., Shanks, B., & Davies, K. (2004). Improving narrative skills in
young children with delayed language development. Educational

R e v i ew , 56 ( 3 ) , 271–286 . h t t p s : / /do i . o r g /10 . 1080/

0013191042000201181

Dawes 2019

Dawes, E., Leitão, S., Claessen, M., & Kane, R. (2019). A randomized
controlled trial of an oral inferential comprehension intervention for
young children with developmental language disorder. Child

Language Teaching and Therapy, 35(1), 39–54. https://doi.org/10.

1177/0265659018815736

Dickson 2009

Dickson, K., Marshall, M., Boyle, J., McCartney, E., O'Hare, A., & Forbes, J.
(2009). Cost analysis of direct versus indirect and individual versus
group modes of manual‐based speech‐and‐language therapy for

primary school‐age children with primary language impairment.

36 of 48 | DONOLATO ET AL.

https://doi.org/10.1044/2018_AJSLP-18-0016
https://doi.org/10.1044/2020_PERSP-20-10005
https://doi.org/10.1044/2020_PERSP-20-10005
https://doi.org/10.1080/1368282031000121651
https://doi.org/10.1080/1368282031000121651
https://doi.org/10.3390/brainsci10050289
https://doi.org/10.1111/j.1460-6984.2011.00039.x
https://doi.org/10.1111/j.1460-6984.2011.00039.x
https://doi.org/10.1136/adc.2008.141572
https://doi.org/10.1136/adc.2008.141572
https://doi.org/10.1179/bjms.1987.012
https://doi.org/10.1179/bjms.1987.012
https://doi.org/10.1097/00004703-200604002-00013
https://doi.org/10.1097/00004703-200604002-00013
https://doi.org/10.1044/jshr.2902.206
https://doi.org/10.1177/183693911103600214
https://doi.org/10.1177/1362361316665792
https://doi.org/10.1177/027112149601600206
https://doi.org/10.1080/0013191042000201181
https://doi.org/10.1080/0013191042000201181
https://doi.org/10.1177/0265659018815736
https://doi.org/10.1177/0265659018815736


International Journal of Language & Communication Disorders, 44(3),
369–381. https://doi.org/10.1080/13682820802137041

Dodd 2011

Dodd, J. L., Ocampo, A., & Kennedy, K. S. (2011). Perspective taking
through narratives: An intervention for students with ASD.
Communication Disorders Quarterly, 33(1), 23–33. https://doi.org/
10.1177/1525740110395014

Duifhuis 2017

Duifhuis, E. A., den Boer, J. C., Doornbos, A., Buitelaar, J. K.,

Oosterling, I. J., & Klip, H. (2017). The effect of pivotal response
treatment in children with autism spectrum disorders: A non‐
randomized study with a blinded outcome measure. Journal of

Autism and Developmental Disorders, 47, 231–242. https://doi.org/
10.1007/s10803-016-2916-0

Eidsvåg 2019

Eidsvåg, S. S., Plante, E., Oglivie, T., Privette, C., & Mailend, M. L. (2019).
Individual versus small group treatment of morphological errors for
children with developmental language disorder. Language, Speech,
and Hearing Services in Schools, 50(2), 237–252. https://doi.org/10.
1044/2018_LSHSS-18-0033

Eikeseth 2002

Eikeseth, S., Smith, T., Jahr, E., & Eldevik, S. (2022). Intensive behavioral
treatment at school for 4‐ to 7‐year‐old children with autism: A 1‐
year comparison controlled study. Behavior Modification, 26(1),

49–68. https://doi.org/10.1177/0145445502026001004

Gibbard 1994

Gibbard, D. (1994). Parental‐based intervention with pre‐school language‐
delayed children. European Journal of Disorders of Communication,
29(2), 131–150. https://doi.org/10.3109/13682829409041488

Gibbard 2004

Gibbard, D., Coglan, L., & MacDonald, J. (2004). Cost‐effectiveness
analysis of current practice and parent intervention for children
under 3 years presenting with expressive language delay.
International Journal of Language & Communication Disorders, 39(2),
229–244. https://doi.org/10.1080/13682820310001618839

Ginn 2017

Ginn, N. C., Clionsky, L. N., Eyberg, S. M., Warner‐Metzger, C., &
Abner, J. P. (2017). Child‐directed interaction training for young
children with autism spectrum disorders: Parent and child outcomes.
Journal of Clinical Child & Adolescent Psychology, 46(1), 101–109.
https://doi.org/10.1080/15374416.2015.10151

Girolametto 1998

Girolametto, L., Weitzman, E., & Clements‐Baartman, J. (1998). Vocabu-
lary intervention for children with Down syndrome: Parent training

using focused stimulation. Infant‐Toddler Intervention. The

Transdisciplinary Journal, 8(2), 109–125.

Glogowska 2000

Glogowska, M., Roulstone, S., Enderby, P., & Peters, T. J. (2000).
Randomised controlled trial of community based speech and
language therapy in preschool children. BMJ, 321(7266), 1–5.
https://doi.org/10.1136/bmj.321.7266.923

Glogowska 2002

Glogowska, M., Campbell, R., Peters, T. J., Roulstone, S., & Enderby, P.
(2002). A multimethod approach to the evaluation of community
preschool speech and language therapy provision. Child: Care Health

and Development, 28(6), 513–521. https://doi.org/10.1046/j.1365-
2214.2002.00297.x

Green 2015

Green, J., Charman, T., Pickles, A., Wan, M. W., Elsabbagh, M., Slonims, V.,
Taylor, C., McNally, J., Booth, R., Gliga, T., Jones, E. J. H., Harrop, C.,
Bedford, R., & Johnson, M. H. (2015). Parent‐mediated intervention
versus no intervention for infants at high risk of autism: A parallel,

single‐blind, randomised trial. The Lancet Psychiatry, 2(2), 133–140.
https://doi.org/10.1016/j.jaac.2012.08.003

Hagen 2017

Hagen, Å. M., Melby‐Lervåg, M., & Lervåg, A. (2017). Improving language
comprehension in preschool children with language difficulties: A

cluster randomized trial. Journal of Child Psychology and Psychiatry,
58(10), 1132–1140. https://doi.org/10.1111/jcpp.12762

Hampton 2017

Hampton, L. H., Kaiser, A. P., & Roberts, M. Y. (2017). One‐year language
outcomes in toddlers with language delays: An RCT follow‐up.
Pediatrics, 140(5), 1–9. https://doi.org/10.1542/peds.2016-3646

Hodge 2004

Hodge, T., & Downie, J. (2004). Together we are heard: Effectiveness of
daily ‘language’ groups in a community preschool. Nursing & Health

Sciences, 6(2), 101–107. https://doi.org/10.1111/j.1442-2018.

2004.00180.x

Ingersol l 2013

Ingersoll, B. R., & Wainer, A. L. (2013). Pilot study of a school‐based parent
training program for preschoolers with ASD. Autism, 17(4), 434–448.
https://doi.org/10.1177/1362361311427155

Jocelyn 1998

Jocelyn, L. J., Casiro, O. G., Beattie, D., Bow, J., & Kneisz, J. (1998). Treatment
of children with autism: A randomized controlled trial to evaluate a
caregiver‐based intervention program in community day‐care centers.

DONOLATO ET AL. | 37 of 48

https://doi.org/10.1080/13682820802137041
https://doi.org/10.1177/1525740110395014
https://doi.org/10.1177/1525740110395014
https://doi.org/10.1007/s10803-016-2916-0
https://doi.org/10.1007/s10803-016-2916-0
https://doi.org/10.1044/2018_LSHSS-18-0033
https://doi.org/10.1044/2018_LSHSS-18-0033
https://doi.org/10.1177/0145445502026001004
https://doi.org/10.3109/13682829409041488
https://doi.org/10.1080/13682820310001618839
https://doi.org/10.1080/15374416.2015.10151
https://doi.org/10.1136/bmj.321.7266.923
https://doi.org/10.1046/j.1365-2214.2002.00297.x
https://doi.org/10.1046/j.1365-2214.2002.00297.x
https://doi.org/10.1016/j.jaac.2012.08.003
https://doi.org/10.1111/jcpp.12762
https://doi.org/10.1542/peds.2016-3646
https://doi.org/10.1111/j.1442-2018.2004.00180.x
https://doi.org/10.1111/j.1442-2018.2004.00180.x
https://doi.org/10.1177/1362361311427155


Journal of Developmental and Behavioral Pediatrics, 19(5), 326–334.
https://doi.org/10.1097/00004703-199810000-00002

Karaaslan 2013

Karaaslan, O., & Mahoney, G. (2013). Effectiveness of responsive teaching
with children with Down syndrome. Mental Retardation, 51(6),
458–469. https://doi.org/10.1352/1934-9556-51.6.458

Kasari 2005

Kasari, C., Freeman, S., Paparella, T., Wong, C., Kwon, S., & Gulsrud, A.
(2005). Early intervention on core deficits in autism. Clinical

Neuropsychiatry: Journal of Treatment Evaluation, 2(6), 380–388.

Kasari 2014

Kasari, C., Kaiser, A., Goods, K., Nietfeld, J., Mathy, P., Landa, R., Murphy, S., &
Almirall, D. (2014). Communication interventions for minimally verbal
children with autism: A sequential multiple assignment randomized trial.
Journal of the American Academy of Child & Adolescent Psychiatry, 53(6),
635–646. https://doi.org/10.1016/j.jaac.2014.01.019

Kasari 2015

Kasari, C., Gulsrud, A., Paparella, T., Hellemann, G., & Berry, K. (2015).
Randomized comparative efficacy study of parent‐mediated inter-
ventions for toddlers with autism. Journal of Consulting and Clinical

Psychology, 83(3), 554–563.

Krishnan 2016

Krishnan, R., Nesh, M. T. J. A., Russell, P. S. S., Russell, S., & Mammen, P.

(2016). The effectiveness of an intensive, parent mediated, multi‐
component, early intervention for children with autism. Journal of Indian
Association for Child and Adolescent Mental Health, 12(3), 230–252.

Kruythoff‐Broekman

Kruythoff‐Broekman, A., Wiefferink, C., Rieffe, C., & Uilenburg, N. (2019).

Parent‐implemented early language intervention programme for late
talkers: Parental communicative behaviour change and child
language outcomes at 3 and 4 years of age. International Journal of
Language & Communication Disorders, 54(3), 451–464. https://doi.
org/10.1111/1460-6984.12451

Landa 2012

Landa, R. J., & Kalb, L. G. (2012). Long‐term outcomes of toddlers with
autism spectrum disorders exposed to short‐term intervention.
Pediatrics, 130, 186–190. https://doi.org/10.1542/peds.2012-
0900Q

Law 1999

Law, J., Kot, A., & Barnett, G. (1999). A comparison of two methods of

providing intervention to three year old children with expressive/

receptive language impairment. City University London.

Lee 2016

Lee, W., & Pring, T. (2016). Supporting language in schools: Evaluating an
intervention for children with delayed language in the early school
years. Child Language Teaching and Therapy, 32(2), 135–146. https://
doi.org/10.1177/0265659015590426

Leonard 2004

Leonard, L. B., Camarata, S. M., Brown, B., & Camarata, M. N. (2004). Tense

and agreement in the speech of children with specific language
impairment. Journal of Speech, Language, and Hearing Research, 47(6),
1363–1379. https://doi.org/10.1044/1092-4388(2004/102)

Lousada 2016

Lousada, M., Ramalho, M., & Marques, C. (2016). Effectiveness of the

language intervention programme for preschool children. Folia

Phoniatrica et Logopaedica, 68(2), 80–85. https://doi.org/10.1159/
000448684

Lowe 2019

Lowe, H., Henry, L., & Joffe, V. L. (2019). The effectiveness of classroom
vocabulary intervention for adolescents with language disorder.

Journal of Speech, Language, and Hearing Research, 62(8), 2829–2846.
https://doi.org/10.1044/2019_JSLHR-L-18-0337

Malucel l i 2021

Malucelli, E. R., Antoniuk, S. A., & Carvalho, N. O. (2021). The
effectiveness of early parental coaching in the autism spectrum
disorder. Jornal de Pediatria, 97, 453–458.

McDade 1998

McDade, A., & McCartan, P. (1998). Partnership with parents: A pilot
project. International Journal of Language & Communication Disorders,
33, 556–561.

McDaniel 2020

McDaniel, J., Yoder, P., Crandall, M., Millan, M. E., Ardel, C. M.,
Gengoux, G. W., & Hardan, A. Y. (2020). Effects of pivotal response
treatment on reciprocal vocal contingency in a randomized
controlled trial of children with autism spectrum disorder. Autism,
24(6), 1566–1571. https://doi.org/10.1177/1362361320903138

Mohammadzaheri 2022

Mohammadzaheri, F., Koegel, L. K., Bakhshi, E., Khosrowabadi, R., &
Soleymani, Z. (2022). The effect of teaching initiations on the
communication of children with autism spectrum disorder: A randomized
clinical trial. Journal of Autism and Developmental Disorders, 52(6),

2598–2609. https://doi.org/10.1007/s10803-021-05153-y

Nefdt 2010

Nefdt, N., Koegel, R., Singer, G., & Gerber, M. (2010). The use of a self‐
directed learning program to provide introductory training in pivotal

38 of 48 | DONOLATO ET AL.

https://doi.org/10.1097/00004703-199810000-00002
https://doi.org/10.1352/1934-9556-51.6.458
https://doi.org/10.1016/j.jaac.2014.01.019
https://doi.org/10.1111/1460-6984.12451
https://doi.org/10.1111/1460-6984.12451
https://doi.org/10.1542/peds.2012-0900Q
https://doi.org/10.1542/peds.2012-0900Q
https://doi.org/10.1177/0265659015590426
https://doi.org/10.1177/0265659015590426
https://doi.org/10.1044/1092-4388(2004/102)
https://doi.org/10.1159/000448684
https://doi.org/10.1159/000448684
https://doi.org/10.1044/2019_JSLHR-L-18-0337
https://doi.org/10.1177/1362361320903138
https://doi.org/10.1007/s10803-021-05153-y


response treatment to parents of children with autism. Journal of
Positive Behavior Interventions, 12(1), 23–32. https://doi.org/10.
1177/1098300709334796

Oosterl ing 2010

Oosterling, I., Visser, J., Swinkels, S., Rommelse, N., Donders, R.,
Woudenberg, T., Roos, S., van der Gaag, R. J., & Buitelaar, J.
(2010). Randomized controlled trial of the focus parent training for
toddlers with autism: 1‐year outcome. Journal of Autism and

Developmental Disorders, 40(12), 1447–1458. https://doi.org/10.
1007/s10803-010-1004-0

Pangniban 2019

Panganiban, J. L. (2019). Super responders: Predicting expressive language

gains among minimally verbal children with autism spectrum disorder.
University of California.

Parsons 2019

Parsons, L., Cordier, R., Munro, N., & Joosten, A. (2019). A randomized
controlled trial of a play‐based, peer‐mediated pragmatic language
intervention for children with autism. Frontiers in Psychology,
10(1960). https://doi.org/10.3389/fpsyg.2019.01960

Phi l l ips 2016

Phillips, B. M., Tabulda, G., Ingrole, S. A., Burris, P. W., Sedgwick, T. K., &

Chen, S. (2016). Literate language intervention with high‐need
prekindergarten children: A randomized trial. Journal of Speech,

Language, and Hearing Research, 59(6), 1409–1420. https://doi.org/
10.1044/2016_JSLHR-L-15-0155

Remington 2007

Remington, B., Hastings, R. P., Kovshoff, H., Degli Espinosa, F., Jahr, E.,

Brown, T., Alsford, P., Lemaic, M., & Ward, N. (2007). Early intensive
behavioral intervention: Outcomes for children with autism and their
parents after two years. American Journal on Mental Retardation,
112(6), 418–438. https://doi.org/10.1352/0895-8017(2007)

112[418:EIBIOF]2.0.CO;2

Rickards 2007

Rickards, A. L., Walstab, J. E., Wright‐Rossi, R. A., Simpson, J., &
Reddihough, D. S. (2007). A randomized, controlled trial of a home‐
based intervention program for children with autism and developmental

delay. Journal of Developmental & Behavioral Pediatrics, 28(4), 308–316.
https://doi.org/10.1097/DBP.0b013e318032792e

Roberts 2011

Roberts, J., Williams, K., Carter, M., Evans, D., Parmenter, T., Silove, N.,
Clark, T., & Warren, A. (2011). A randomised controlled trial of two
early intervention programs for young children with autism: Centre‐
based with parent program and home‐based. Research in Autism

Spectrum Disorders, 5(4), 1553–1566. https://doi.org/10.1016/j.
rasd.2011.03.001

Robertson 1999

Robertson, S. B., & Weismer, S. E. (1999). Effects of treatment on
linguistic and social skills in toddlers with delayed language
development. Journal of Speech, Language, and Hearing Research,
42(5), 1234–1248. https://doi.org/10.1044/jslhr.4205.1234

Rogers 2012

Rogers, S., Estes, A., Lord, C., Vismara, L., Winter, J., Fitzpatrick, A.,
Guo, M., & Dawson, G. (2012). Effects of a brief Early Start Denver

Model (ESDM)–based parent intervention on toddlers at risk for
autism spectrum disorders: A randomized controlled trial. Journal of
the American Academy of Child and Adolescent Psychiatry, 51,
1052–1065. https://doi.org/10.1016/j.jaac.2012.08.003

Smith‐Lock 2013

Smith‐Lock, K. M., Leitao, S., Lambert, L., & Nickels, L. (2013). Effective

intervention for expressive grammar in children with specific language
impairment. International Journal of Language & Communication Disorders,
48(3), 265–282. https://doi.org/10.1111/1460-6984.12003

Solomon 2007

Solomon, R., Necheles, J., Ferch, C., & Bruckman, D. (2007). Pilot study of a
parent training program for young children with autism: The PLAY
Project Home Consultationproject home consultation program. Autism,
11(3), 205–224. https://doi.org/10.1177/1362361307076842

Solomon 2008

Solomon, M., Ono, M., Timmer, S., & Goodlin‐Jones, B. (2008). The
effectiveness of parent–child interaction therapy for families of children
on the autism spectrum. Journal of Autism and Developmental Disorders,
38(9), 1767–1776. https://doi.org/10.1007/s10803-008-0567-5

To 2015

To, C. K., Lui, H. M., Li, X. X., & Lam, G. Y. (2015). A randomized controlled
trial of two syntactic treatment procedures with Cantonese‐
speaking, school‐age children with language disorders. Journal of

Speech, Language, and Hearing Research, 58(4), 1258–1272. https://
doi.org/10.1044/2015_JSLHR-L-14-0140

Tonge 2014

Tonge, B., Brereton, A., Kiomall, M., Mackinnon, A., & Rinehart, N. J.
(2014). A randomised group comparison controlled trial of ‘pre-
schoolers with autism’: A parent education and skills training

intervention for young children with autistic disorder. Autism, 18(2),
166–177. https://doi.org/10.1177/1362361312458186

Tyler 1991

Tyler, A. A., & Watterson, K. H. (1991). Effects of phonological versus
language intervention in preschoolers with both phonological and
language impairment. Child Language Teaching and Therapy, 7(2),
141–160. https://doi.org/10.1177/026565909100700203

van Balkom 2010

van Balkom, H., Verhoeven, L., van Weerdenburg, M., & Stoep, J. (2010).
Effects of parent‐based video home training in children with develop-
mental language delay. Child Language Teaching and Therapy, 26(3),
221–237. https://doi.org/10.1177/0265659009349978

DONOLATO ET AL. | 39 of 48

https://doi.org/10.1177/1098300709334796
https://doi.org/10.1177/1098300709334796
https://doi.org/10.1007/s10803-010-1004-0
https://doi.org/10.1007/s10803-010-1004-0
https://doi.org/10.3389/fpsyg.2019.01960
https://doi.org/10.1044/2016_JSLHR-L-15-0155
https://doi.org/10.1044/2016_JSLHR-L-15-0155
https://doi.org/10.1352/0895-8017(2007)112%5B418:EIBIOF%5D2.0.CO;2
https://doi.org/10.1352/0895-8017(2007)112%5B418:EIBIOF%5D2.0.CO;2
https://doi.org/10.1097/DBP.0b013e318032792e
https://doi.org/10.1016/j.rasd.2011.03.001
https://doi.org/10.1016/j.rasd.2011.03.001
https://doi.org/10.1044/jslhr.4205.1234
https://doi.org/10.1016/j.jaac.2012.08.003
https://doi.org/10.1111/1460-6984.12003
https://doi.org/10.1177/1362361307076842
https://doi.org/10.1007/s10803-008-0567-5
https://doi.org/10.1044/2015_JSLHR-L-14-0140
https://doi.org/10.1044/2015_JSLHR-L-14-0140
https://doi.org/10.1177/1362361312458186
https://doi.org/10.1177/026565909100700203
https://doi.org/10.1177/0265659009349978


Wake 2013

Wake, M., Tobin, S., Levickis, P., Gold, L., Ukoumunne, O. C., Zens, N.,
Goldfeld, S., Le, H., Law, J., & Reilly, S. (2013). Randomized trial of a
population‐based, home‐delivered intervention for preschool language
delay. Pediatrics, 132(4). https://doi.org/10.1542/peds.2012-3878

Wetherby 2014

Wetherby, A. M., Guthrie, W., Woods, J., Schatschneider, C.,

Holland, R. D., Morgan, L., & Lord, C. (2014). Parent‐implemented
social intervention for toddlers with autism: An RCT. Pediatrics,
134(6), 1084–1093. https://doi.org/10.1542/peds.2014-0757

Wing 1990

Wing, C. S. (1990). A preliminary investigation of generalization to

untrained words following two treatments of children's word‐finding
problems. Language, Speech, and Hearing Services in Schools, 21(3),
151–156. https://doi.org/10.1044/0161-1461.2103.151

Wong 2010

Wong, V. C., & Kwan, Q. K. (2010). Randomized controlled trial for early
intervention for autism: A pilot study of the Autism 1‐2‐3 Project.

Journal of Autism and Developmental Disorders, 40(6), 677–688.
https://doi.org/10.1007/s10803-009-0916-z

Xu 2018

Xu, Y., Yang, J., Yao, J., Chen, J., Zhuang, X., Wang, W., Zhang, X., & Lee, G. T.
(2018). A pilot study of a culturally adapted early intervention for young
children with autism spectrum disorders in China. Journal of Early

Intervention, 40, 52–68. https://doi.org/10.1177/1053815117748408

Yoder 2002

Yoder, P. J., & Warren, S. F. (2002). Effects of prelinguistic milieu teaching
and parent responsivity education on dyads involving children with
intellectual disabilities. Journal of Speech, Language, and Hearing

Research, 45(6), 1158–1174. https://doi.org/10.1044/1092-

4388(2002/094)

Young 2016

Young, H. E., Falco, R. A., & Hanita, M. (2016). Randomized, controlled trial
of a comprehensive program for young students with autism
spectrum disorder. Journal of Autism and Developmental Disorders,

46(2), 544–560. https://doi.org/10.1007/s10803-015-2597-0

OTHER REFERENCES

ADDITIONAL REFERENCES

Abbeduto 2016

Abbeduto, L., McDuffie, A., Thurman, A. J., & Kover, S. T. (2016). Language
development in individuals with intellectual and developmental
disabilities: From phenotypes to treatments. In R. M. Hodapp & D. J.
Fidler (Eds.), International review of research in developmental

disabilities: Fifty years of research in intellectual and developmental

disabilities (pp. 71–118). Elsevier Academic Press.

Altoè 2020

Altoè, G., Bertoldo, G., Zandonella Callegher, C., Toffalini, E., Calcagnì, A.,
Finos, L., & Pastore, M. (2020). Enhancing statistical inference in
psychological research via prospective and retrospective design
analysis. Frontiers in Psychology, 10, 2893. https://doi.org/10.3389/
fpsyg.2019.02893

American Psychiatr ic Associat ion 2013

American Psychiatric Association. (2013). Diagnostic and statistical manual

of mental disorders (5th ed.). American Psychiatric Pub.

Astle 2022

Astle, D. E., Holmes, J., Kievit, R., & Gathercole, S. E. (2022). Annual

research review: The transdiagnostic revolution in neurodevelop-
mental disorders. Journal of Child Psychology and Psychiatry, 63(4),
397–417.

Bai ley, Duncan, Cunha 2020

Bailey, D. H., Duncan, G. J., Cunha, F., Foorman, B. R., & Yeager, D. S.
(2020). Persistence and fade‐out of educational‐intervention effects:

Mechanisms and potential solutions. Psychological Science in the

Public Interest, 21(2), 55–59. https://doi.org/10.1177/152910
0620915848

Bai ley, Duncan, Odgers 2017

Bailey, D., Duncan, G. J., Odgers, C. L., & Yu, W. (2017). Persistence and
fadeout in the impacts of child and adolescent interventions. Journal

of research on educational effectiveness, 10(1), 7–39. https://doi.org/
10.1080/19345747.2016.1232459

Baird 2006

Baird, G., Simonoff, E., Pickles, A., Chandler, S., Loucas, T., Meldrum, D., &
Charman, T. (2006). Prevalence of disorders of the autism spectrum

in a population cohort of children in South Thames: The Special
Needs and Autism Project (SNAP). Lancet, 368(9531), 210–215.

Baron 2022

Baron, L. S., & Arbel, Y. (2022). An implicit–explicit framework for
intervention methods in developmental language disorder. American

Journal of Speech‐Language Pathology, 31, 1557–1573. https://doi.
org/10.1044/2022_AJSLP-21-00172

Baron‐Cohen 2009

Baron‐Cohen, S., Scott, F. J., Allison, C., Williams, J., Bolton, P.,
Matthews, F. E., & Brayne, C. (2009). Prevalence of autism‐
spectrum conditions: UK school‐based population study. The

British Journal of Psychiatry, 194(6), 500–509.

Bayley 2006

Bayley, N. (2006). Bayley scales of infant and toddler development: Third

Edition. The Psychological Corporation.

40 of 48 | DONOLATO ET AL.

https://doi.org/10.1542/peds.2012-3878
https://doi.org/10.1542/peds.2014-0757
https://doi.org/10.1044/0161-1461.2103.151
https://doi.org/10.1007/s10803-009-0916-z
https://doi.org/10.1177/1053815117748408
https://doi.org/10.1044/1092-4388(2002/094)
https://doi.org/10.1044/1092-4388(2002/094)
https://doi.org/10.1007/s10803-015-2597-0
https://doi.org/10.3389/fpsyg.2019.02893
https://doi.org/10.3389/fpsyg.2019.02893
https://doi.org/10.1177/1529100620915848
https://doi.org/10.1177/1529100620915848
https://doi.org/10.1080/19345747.2016.1232459
https://doi.org/10.1080/19345747.2016.1232459
https://doi.org/10.1044/2022_AJSLP-21-00172
https://doi.org/10.1044/2022_AJSLP-21-00172


Beitchman 1986

Beitchman, J. H., Nair, R., Clegg, M., Ferguson, B., & Patel, P. G. (1986).
Prevalence of psychiatric disorders in children with speech and
language disorders. Journal of the American Academy of Child

Psychiatry, 25(4), 528–535.

Bel lugi 2000

Bellugi, U., Lichtenberger, L., Jones, W., Lai, Z., & St. George, M. (2000). The

neurocognitive profile of Williams syndrome: A complex pattern of
strengths and weaknesses. In U. Bellugi & M. St. George (Eds.), Journey
from cognition to brain to genes: Perspectives from Williams syndrome (pp.
1–41). MIT Press.

Bishop 2003

Bishop, D. V. (2003). Mn. Test for reception of grammar version 2 (TROG‐2).
The Psychological Corporation.

Bishop 2008

Bishop, D. V. M., & Rutter, M. (2008). Neurodevelopmental disorders:
Conceptual issues. In M. J. Rutter, D. Bishop, D. S. Pine, S. Scott, J. S.
Stevenson, E. A. Taylor, & A. Thapar (Eds.), Rutter's child and

adolescent psychiatry (5th ed., pp. 32–41). John Wiley & Sons.

Bishop 2014

Bishop, D. V. M. (2014). Ten questions about terminology for children
with unexplained language problems. International Journal of

Language & Communication Disorders, 49(4), 381–415.

Bishop 2016

Bishop, D. V. M., Snowling, M. J., Thompson, P. A., Greenhalgh, T., & the
CATALISE consortium. (2016). CATALISE: A multinational and

multidisciplinary Delphi consensus study. Identifying language
impairments in children. PLoS One, 11(7), e0158753. https://doi.
org/10.1371/journal.pone.0168066

Bishop 2017

Bishop, D. V. M., Snowling, M. J., Thompson, P. A., Greenhalgh, T., & the

CATALISE‐2 consortium. (2017). Phase 2 of CATALISE: A multinational
and multidisciplinary Delphi consensus study of problems with language
development: Terminology. Journal of Child Psychology and Psychiatry,
58(10), 1068–1080. https://doi.org/10.1111/jcpp.12721

Black 2015

Black, L. I., Vahratian, A., & Hoffman, H. J. (2015). Communication disorders

and use of intervention services among children aged 3‐17 years:

United States, 2012. US Department of Health and Human Services,
Centers for Disease Control and Prevention, National Center for
Health Statistics.

Borenstein 2011

Borenstein, M., Hedges, L. V., Higgins, J. P., & Rothstein, H. R. (2011).
Introduction to meta‐analysis. John Wiley & Sons.

Borenstein 2017

Borenstein, M., Higgins, J., Hedges, L. V., & Rothstein, H. R. (2017). Basics
of meta‐analysis: I2 is not an absolute measure of heterogeneity.
Research Synthesis Methods, 8(1), 5–18.

Brock 2008

Brock, J., Norbury, C., Einav, S., & Nation, K. (2008). Do individuals with
autism process words in context? Evidence from language‐mediated

eye‐movements. Cognition, 108(3), 896–904.

Brown 1997

Brown, L., Sherbenou, R. J., & Johnsen, S. K. (1997). Test of Nonverbal

Intelligence (3rd ed.). Pro‐Ed.

Carrow‐Woolfolk 1999

Carrow‐Woolfolk, E. (1999). Comprehensive assessment of spoken lan-

guage. AGS.

CDC 2021

The US Centers for Disease Control. (2021). Data & Statistics on Autism

Spectrum Disorder. https://www.cdc.gov/ncbddd/autism/data.html

Cirrin & Gil lam

Cirrin, F. M., & Gillam, R. B. (2008). Language intervention practices for
school‐age children with spoken language disorders: A systematic
review. Language, Speech, and Hearing Services in Schools, 39(1),

S110–S137. doi:10.1044/0161-1461(2008/012)

Cirrin 2010

Cirrin, F. M., Schooling, T. L., Nelson, N. W., Diehl, S. F., Flynn, P. F.,
Staskowski, M., & Adamczyk, D. F. (2010). Evidence‐based system-
atic review: Effects of different service delivery models on
communication outcomes for elementary school–age children.

Language, Speech, and Hearing Services in Schools, 41(3), 233–264.

Cohen 2001

Cohen, N. J. (2001). Language impairment and psychopathology in infants,

children, andadolescents. Sage Publications.

Cornish 2004

Cornish, K., Sudhalter, V., & Turk, J. (2004). Attention and language in

Fragile X. Mental Retardation and Developmental Disabilities Research

Reviews, 10(1), 11–16.

Cronin 2020

Cronin, P., Reeve, R., McCabe, P., Viney, R., & Goodall, S. (2020). Academic
achievement and productivity losses associated with speech,

language and communication needs. International Journal of

DONOLATO ET AL. | 41 of 48

https://doi.org/10.1371/journal.pone.0168066
https://doi.org/10.1371/journal.pone.0168066
https://doi.org/10.1111/jcpp.12721
https://www.cdc.gov/ncbddd/autism/data.html
https://doi.org/10.1044/0161-1461(2008/012)


Language & Communication Disorders, 55(5), 734–750. https://doi.
org/10.1111/1460-6984.12558

De Giacomo 1998

De Giacomo, A., & Fombonne, E. (1998). Parental recognition of
developmental abnormalities in autism. European Child &

Adolescent Psychiatry, 7(3), 131–136.

Dubois 2020

Dubois, P., St‐Pierre, M. C., Desmarais, C., & Guay, F. (2020). Young adults
with developmental language disorder: A systematic review of
education, employment, and independent living outcomes. Journal of

Speech, Language, and Hearing Research, 63(11), 3786–3800. https://
doi.org/10.1044/2020_JSLHR-20-00127

Duff 2015

Duff, F. J., Reen, G., Plunkett, K., & Nation, K. (2015). Do infant vocabulary
skills predict school‐age language and literacy outcomes? Journal of

Child Psychology and Psychiatry, 56(8), 848–856.

Dunn 1997

Dunn, L. M., Dunn, L. M., Whetton, C., & Burley, J. (1997). The British

Picture Vocabulary Scale: Second Edition (BPVS‐II). NFER‐Nelson.

Dunn 2007

Dunn, L. M., & Dunn, D. M. (2007). Peabody Picture Vocabulary

Test–Fourth Edition (PPVT‐4). APA PsycTests.

D'Souza 2017

D'Souza, H., & Karmiloff‐Smith, A. (2017). Neurodevelopmental disorders.
Wiley Interdisciplinary Reviews: Cognitive Science, 8, 1–10.

Ebbels 2007

Ebbels, S. H. (2007). Teaching grammar to school‐aged children with
specific language impairment using shape coding. Child Language

Teaching and Therapy, 23(1), 67–93.

Erickson 2018

Erickson, C. A., Kaufmann, W. E., Budimirovic, D. B., Lachiewicz, A., Haas‐
Givler, B., Miller, R. M., Weber, J. D., Abbeduto, L., Hessl, D.,
Hagerman, R. J., & Berry‐Kravis, E. (2018). Best practices in Fragile X
syndrome treatment development. Brain Sciences, 8(12), 224.
https://doi.org/10.3390/brainsci8120224

Fenson 2007

Fenson, L., Bates, E., Dale, P. S., Marchman, V. A., Reznick, J. S., &
Thal, D. J. (2007). Macarthur‐Bates Communicative Development

Inventories. Paul H. Brookes Publishing.

Finestack 2013

Finestack, L. H., Sterling, A. M., & Abbeduto, L. (2013). Discriminating
Down syndrome and Fragile X syndrome based on language ability.
Journal of Child Language, 40(1), 244–265.

Fombonne 2009

Fombonne, E. (2009). Epidemiology of pervasive developmental disorders.
Pediatric Research, 65(6), 591–598.

Frizel le 2021

Frizelle, P., Tolonen, A. K., Tulip, J., Murphy, C. A., Saldana, D., &
McKean, C. (2021). The influence of quantitative intervention
dosage on oral language outcomes for children with developmental
language disorder: A systematic review and narrative synthesis.

Language, Speech, and Hearing Services in Schools, 52(2), 738–754.

Gardner 2019

Gardner, F., Leitjen, P., Melendez‐Torres, G. J., Landau, S., Mann, J.,
Beecham, J., Hutchings, J., & Scott, S. (2019). The earlier the better?
Individual participant data and traditional meta‐analysis of age
effects of parenting interventions. Child Development, 90, 7–19.
https://doi.org/10.1111/cdev.13138

Gelman 2014

Gelman, A., & Carlin, J. (2014). Beyond power calculations: Assessing type
S (sign) and type M (magnitude) errors. Perspectives on Psychological

Science, 9(6), 641–651. https://doi.org/10.1177/1745691614

551642

Gerber 2012

Gerber, S., Brice, A., Capone, N., Fujiki, M., & Timler, G. (2012). Language
use in social interactions of school‐age children with language
impairments: An evidence‐based systematic review of treatment.
Language, Speech, and Hearing Services in Schools, 43(2), 235–249.
https://doi.org/10.1044/0161-1461(2011/10-0047)

Gibson 2013

Gibson, J., Adams, C., Lockton, E., & Green, J. (2013). Social communica-
tion disorder outside autism? A diagnostic classification approach to
delineating pragmatic language impairment, high functioning autism

and specific language impairment. Journal of Child Psychology and

Psychiatry, 54(11), 1186–1197.

Glenn 2005

Glenn, S., & Cunningham, C. (2005). Performance of young people with
Down syndrome on the Leiter‐R and British picture vocabulary
scales. Journal of Intellectual Disability Research, 49(4), 239–244.
https://doi.org/10.1111/j.1365-2788.2005.00643.x

Guyatt 2008

Guyatt, G. H., Oxman, A. D., Vist, G. E., Kunz, R., Falck‐Ytter, Y., Alonso‐
Coello, P., & Schünemann, H. J. (2008). Rating quality of evidence

42 of 48 | DONOLATO ET AL.

https://doi.org/10.1111/1460-6984.12558
https://doi.org/10.1111/1460-6984.12558
https://doi.org/10.1044/2020_JSLHR-20-00127
https://doi.org/10.1044/2020_JSLHR-20-00127
https://doi.org/10.3390/brainsci8120224
https://doi.org/10.1111/cdev.13138
https://doi.org/10.1177/1745691614551642
https://doi.org/10.1177/1745691614551642
https://doi.org/10.1044/0161-1461(2011/10-0047)
https://doi.org/10.1111/j.1365-2788.2005.00643.x


and strength of recommendations: GRADE: An emerging consensus
on rating quality of evidence and strength of recommendations.
British Medical Journal, 336(7650), 924–926. https://doi.org/10.
1136/bmj.39489.470347.AD

Hagen 2017

Hagen, Å. M., Melby‐Lervåg, M., & Lervåg, A. (2017). Improving language
comprehension in preschool children with language difficulties: A

cluster randomized trial. Journal of Child Psychology and Psychiatry,
58(10), 1132–1140. https://doi.org/10.1111/jcpp.12762

Hall 2008

Hall, S. S., Lightbody, A. A., & Reiss, A. L. (2008). Compulsive, self‐injurious, and
autistic behavior in children and adolescents with fragile X syndrome.
American Journal on Mental Retardation, 113(1), 44–53.

Hampton 2016

Hampton, L. H., & Kaiser, A. (2016). Intervention effects on spoken‐language
outcomes for children with autism: A systematic review and meta‐
analysis. Journal of Intellectual Disability Research, 60(5), 444–463.

Hick 2005

Hick, R. F., Botting, N., & Conti‐Ramsden, G. (2005). Short‐term memory

and vocabulary development in children with Down syndrome and
children with specific language impairment. Developmental Medicine

& Child Neurology, 47(8), 532–538.

Higgins 2011

Higgins, J. P., Altman, D. G., Gøtzsche, P. C., Jüni, P., Moher, D., Oxman, A. D.,
Savović, J., Schulz, K. F., Weeks, L., & Sterne, J. A. (2011). The Cochrane

Collaboration's tool for assessing risk of bias in randomised trials. BMJ,
343, 1–9. https://doi.org/10.1136/bmj.d5928

Hulme 2013

Hulme, C., & Snowling, M. J. (2013). Developmental disorders of language

learning and cognition. John Wiley & Sons.

Hulme 2014

Hulme, C., & Snowling, M. J. (2014). The interface between spoken and
written language: Developmental disorders. Philosophical

Transactions of the Royal Society of London B: Biological Sciences,
369(1634). https://doi.org/10.1098/rstb.2012.0395

Hulme 2015

Hulme, C., & Melby‐Lervåg, M. (2015). Educational interventions for children's
learning difficulties. In M. J. Rutter, D. Bishop, D. S. Pine, S. Scott, J. S.
Stevenson, E. A. Taylor, & A. Thapar (Eds.), Rutter's child and adolescent

psychiatry (5th ed., pp. 533–544). John Wiley & Sons.

Hunter 2014

Hunter, J., Rivero‐Arias, O., Angelov, A., Kim, E., Fotheringham, I., &
Leal, J. (2014). Epidemiology of Fragile X syndrome: A systematic

review and meta‐analysis. American Journal of Medical Genetics Part

A, 164(7), 1648–1658.

Ingre 2013

Ingre, M. (2013). Why small low‐powered studies are worse than large
high‐powered studies and how to protect against “trivial” findings in
research: Comment on Friston (2012). Neuroimage, 81, 496–498.

Jessup 2008

Jessup, B., Ward, E., Cahill, L., & Keating, D. (2008). Prevalence of speech

and/or language impairment in preparatory students in northern
Tasmania. International Journal of Speech‐Language Pathology, 10(5),
364–377. https://doi.org/10.1080/17549500701871171

Kalandadze 2016

Kalandadze, T., Norbury, C., Nærland, T., & Næss, K. A. B. (2016).
Figurative language comprehension in individuals with autism

spectrum disorder: A meta‐analytic review. Autism, 22(2), 99–117.
https://doi.org/10.1177/1362361316668652

Karmiloff‐Smith 1997

Karmiloff‐Smith, A., Grant, J., Berthoud, I., Davies, M., Howlin, P., &
Udwin, O. (1997). Language and Williams syndrome: How intact is
“intact”? Child Development, 68(2), 246–262.

Karmiloff‐Smith 2007

Karmiloff‐Smith, A. (2007). Williams syndrome. Current Biology, 17(24),
1035–1036.

Kaufman 2004

Kaufman, A. S., & Kaufman, N. L. (2004). Kaufman Brief Intelligence Test‐2
(KBIT‐2). AGS Publishing.

Kjelgaard 2001

Kjelgaard, M. M., & Tager‐Flusberg, H. (2001). An investigation of

language impairment in autism: Implications for genetic subgroups.
Language and Cognitive Processes, 16(2), 287–308. https://doi.org/
10.1080/01690960042000058

Klusek 2014

Klusek, J., Martin, G. E., & Losh, M. (2014). A comparison of pragmatic
language in boys with autism and fragile X syndrome. Journal of

Speech, Language, and Hearing Research, 57(5), 1692–1707.

Kogan 2009

Kogan, M. D., Blumberg, S. J., Schieve, L. A., Boyle, C. A., Perrin, J. M.,
Ghandour, R. M., Singh, G. K., Strickland, B. B., Trevathan, E., &
van Dyck, P. C. (2009). Prevalence of parent‐reported diagnosis of

autism spectrum disorder among children in the US, 2007. Pediatrics,
124(5), 1395–1403. https://doi.org/10.1542/peds.2009-1522

DONOLATO ET AL. | 43 of 48

https://doi.org/10.1136/bmj.39489.470347.AD
https://doi.org/10.1136/bmj.39489.470347.AD
https://doi.org/10.1111/jcpp.12762
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1098/rstb.2012.0395
https://doi.org/10.1080/17549500701871171
https://doi.org/10.1177/1362361316668652
https://doi.org/10.1080/01690960042000058
https://doi.org/10.1080/01690960042000058
https://doi.org/10.1542/peds.2009-1522


Kover 2015

Kover, S. T., McCary, L. M., Ingram, A. M., Hatton, D. D., & Roberts, J. E.
(2015). Language development in infants and toddlers with Fragile X
syndrome: Change over time and the role of attention. American

Journal on Intellectual and Developmental Disabilities, 120(2),
125–144.

Kraft 2020

Kraft, M. A. (2020). Interpreting effect sizes of education interventions.
Educational Researcher, 49(4), 241–253.

Law 2004

Law, J., Garrett, Z., & Nye, C. (2004). The efficacy of treatment for

children with developmental speech and language delay/disorder: A
meta‐analysis. Journal of Speech, Language, and Hearing Research,
47(4), 924–943.

Laws 2003

Laws, G., & Bishop, D. V. (2003). A comparison of language abilities in
adolescents with Down syndrome and children with specific

language impairment. Journal of Speech, Language, and Hearing

Research, 46(6), 1324–1339.

Lepola 2016

Lepola, J., Lynch, J., Kiuru, N., Laakkonen, E., & Niemi, P. (2016). Early oral
language comprehension, task orientation, and foundational reading
skills as predictors of grade 3 reading comprehension. Reading

Research Quarterly, 51(4), 373–390.

Lervåg 2018

Lervåg, A., Hulme, C., & Melby‐Lervåg, M. (2018). Unpicking the
developmental relationship between oral language skills and reading
comprehension: It's simple, but complex. Child Development, 89(5),
1821–1838.

Lipsey & Wilson 1993

Lipsey, M. W., & Wilson, D. B. (1993). The efficacy of psychological,
educational, and behavioral treatment: Confirmation from meta‐
analysis. American Psychologist, 48(12), 1181–1209. https://doi.org/
10.1037/0003-066X.48.12.1181

Loucas 2008

Loucas, T., Charman, T., Pickles, A., Simonoff, E., Chandler, S., Meldrum, D., &

Baird, G. (2008). Autistic symptomatology and language ability in autism
spectrum disorder and specific language impairment. Journal of Child

Psychology and Psychiatry, 49(11), 1184–1192.

Macpherson 2016

Macpherson, J. N., & Murray, A. (2016). Development of genetic testing
for Fragile X syndrome and associated disorders, and estimates of

the prevalence of FMR1 expansion mutations. Genes, 7(110), 1–15.

Marchman 2008

Marchman, V. A., & Fernald, A. (2008). Speed of word recognition and
vocabulary knowledge in infancy predict cognitive and language
outcomes in later childhood. Developmental Science, 11(3), 9–16.

Martens 2008

Martens, M. A., Wilson, S. J., & Reutens, D. C. (2008). Research review:

Williams syndrome: A critical review of the cognitive, behavioral, and
neuroanatomical phenotype. Journal of Child Psychology and

Psychiatry, 49(6), 576–608.

Martin 2009

Martin, G. E., Klusek, J., Estigarribia, B., & Roberts, J. E. (2009). Language

characteristics of individuals with Down syndrome. Topics in

Language Disorders, 29(2), 112–132.

Martin 2013

Martin, G. E., Losh, M., Estigarribia, B., Sideris, J., & Roberts, J. (2013).
Longitudinal profiles of expressive vocabulary, syntax and pragmatic

language in boys with Fragile X syndrome or Down syndrome.
International Journal of Language & Communication Disorders, 48(4),
432–443.

Maughan 2019

Maughan, B., & Barker, E. D. (2019). The earlier the better? Pausing for
thought…. Child Development, 90(1), 20–24.

McKenzie 2016

McKenzie, K., Milton, M., Smith, G., & Ouellette‐Kuntz, H. (2016).
Systematic review of the prevalence and incidence of intellectual
disabilities: Current trends and issues. Current Developmental

Disorders Reports, 3(2), 104–115.

Melby‐Lervåg 2013

Melby‐Lervåg, M., & Hulme, C. (2013). Is working memory training
effective? A meta‐analytic review. Developmental Psychology, 49(2),
270–291.

Melby‐Lervåg 2014

Melby‐Lervåg, M., & Lervåg, A. (2014). Effects of educational interven-

tions targeting reading comprehension and underlying components.
Child Development Perspectives, 8(2), 96–100.

Melby‐Lervåg 2020

Melby‐Lervåg, M., Hagen, Å. M., & Lervåg, A. (2020). Disentangling the far
transfer of language comprehension gains using latent mediation

models. Developmental Science, 23(4), e12929.

44 of 48 | DONOLATO ET AL.

https://doi.org/10.1037/0003-066X.48.12.1181
https://doi.org/10.1037/0003-066X.48.12.1181


Mervis 2010

Mervis, C. B., & John, A. E. (2010). Cognitive and behavioral characteristics
of children with Williams syndrome: Implications for intervention
approaches. American Journal of Medical Genetics Part C: Seminars in

Medical Genetics, 154(2), 229–248.

Mitchel l 2018

Mitchell, K. J. (2018). How the wiring of our brains shapes who we are.

Princeton University Press.

Moeschler 2014

Moeschler, J. B., & Shevell, M. (2014). Comprehensive evaluation of the
child with intellectual disability or global developmental delays.
Pediatrics, 134(3), e903–e918.

Morris 2008

Morris, S. B. (2008). Estimating effect sizes from pretest‐posttest‐control
group designs. Organizational Research Methods, 11(2), 364–386.

Morris 2010

Morris, C. A. (2010). Introduction: Williams syndrome. American Journal of

Medical Genetics Part C (Seminars in Medical Genetics), 154C(2),
203–208. https://doi.org/10.1002/ajmg.c.30266

Morris 2020

Morris, C. A., Braddock, S. R., Chen, E., Trotter, T. L., Berry, S. A.,
Burke, L. W., Geleske, T. A., Hamid, R., Hopkin, R. J., Introne, W. J.,
Lyons, M. J., Scheuerle, A. E., & Stoler, J. M. (2020). Health care
supervision for children with Williams syndrome. Pediatrics, 145(3),
e20193761. https://doi.org/10.1542/peds.2019-3761

Nation 2005

Nation, K., & Norbury, C. F. (2005). Why reading comprehension fails:
Insights from developmental disorders. Topics in Language Disorders,
25(1), 21–32.

Norbury 2005

Norbury, C. F. (2005). Barking up the wrong tree? Lexical ambiguity resolution
in children with language impairments and autistic spectrum disorders.
Journal of Experimental Child Psychology, 90(2), 142–171.

Norbury 2015

Norbury, C. F. (2015). Editorial: Early intervention in response to language
delays–Isdelays–Is there a danger of putting too many eggs in the
wrong basket? Journal of Child Psychology and Psychiatry, 56(8),

835–836.

Norbury 2015b

Norbury, C. F., & Paul, R. (2015). Disorders of speech, language, and
communication. In M. J. Rutter, D. Bishop, D. S. Pine, S. Scott, J. S.

Stevenson, E. A. Taylor, & A. Thapar (Eds.), Rutter's child and

adolescent psychiatry (5th ed., pp. 683–701). John Wiley & Sons.

Norbury 2016b

Norbury, C. F., Gooch, D., Wray, C., Baird, G., Charman, T., Simonoff, E.,
Vamvakas, G., & Pickles, A. (2016). The impact of nonverbal ability
on prevalence and clinical presentation of language disorder:
Evidence from a population study. Journal of Child Psychology and

Psychiatry, 57(11), 1247–1257.

Norbury 2016

Norbury, C. F., Gooch, D., Baird, G., Charman, T., Simonoff, E., & Pickles, A.
(2016). Younger children experience lower levels of language
competence and academic progress in the first year of school:

Evidence from a population study. Journal of Child Psychology and

Psychiatry, 57(1), 65–73.

Nordahl‐Hansen 2016

Nordahl‐Hansen, A., Fletcher‐Watson, S., McConachie, H., & Kaale, A.
(2016). Relations between specific and global outcome measures in a

social‐communication intervention for children with autism spec-
trum disorder. Research in Autism Spectrum Disorders, 29, 19–29.
https://doi.org/10.1016/j.rasd.2016.05.005

Nordahl‐Hansen 2019

Nordahl‐Hansen, A., Donolato, E., Lervåg, A., Norbury, C. F., & Melby‐
Lervåg, M. (2019). PROTOCOL: Language interventions for improv-

ing oral language outcomes in children with neurodevelopmental
disorders: A systematic review. Campbell Systematic Reviews, 15,
e1062. https://doi.org/10.1002/cl2.1062

Næss 2011

Næss, K. A. B., Lyster, S. A. H., Hulme, C., & Melby‐Lervåg, M. (2011).

Language and verbal short‐term memory skills in children with Down
syndrome: A meta‐analytic review. Research in Developmental

Disabilities, 32(6), 2225–2234.

O'Hare 2013

O'Hare, A. (2013). Communication disorders in preschool children.
Paediatrics and Child Health, 23(10), 427–433.

O'Neil l 2018

O'Neill, T., Light, J., & Pope, L. (2018). Effects of interventions that include
aided augmentative and alternative communication input on the
communication of individuals with complex communication needs: A
meta‐analysis. Journal of Speech, Language, and Hearing Research,

61(7), 1743–1765.

Page 2021

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffmann, T. C.,
Mulrow, C. D., Shamseer, L., Tetzlaff, J. M., Akl, E. A., Brennan, S. E.,

DONOLATO ET AL. | 45 of 48

https://doi.org/10.1002/ajmg.c.30266
https://doi.org/10.1542/peds.2019-3761
https://doi.org/10.1016/j.rasd.2016.05.005
https://doi.org/10.1002/cl2.1062


Chou, R., Glanville, J., Grimshaw, J. M., Hróbjartsson, A., Lalu, M. M.,
Li, T., Loder, E. W., Mayo‐Wilson, E., McDonald, S., & Moher, D.
(2021). The PRISMA 2020 statement: An updated guideline for
reporting systematic reviews. Systematic Reviews, 10(1), 1–11.
https://doi.org/10.1136/bmj.n71

Patterson 2013

Patterson, T., Rapsey, C. M., & Glue, P. (2013). Systematic review of
cognitive development across childhood in Down syndrome:

Implications for treatment interventions. Journal of Intellectual

Disability Research, 57(4), 306–318.

Pickles 2014

Pickles, A., Anderson, D. K., & Lord, C. (2014). Heterogeneity and
plasticity in the development of language: A 17‐year follow‐up of
children referred early for possible autism. Journal of Child

Psychology and Psychiatry, 55(12), 1354–1362.

Pober 2010

Pober, B. R. (2010). Williams–Beuren syndrome. New England Journal of

Medicine, 362(3), 239–252.

Presson 2013

Presson, A. P., Partyka, G., Jensen, K. M., Devine, O. J., Rasmussen, S. A.,

McCabe, L. L., & McCabe, E. R. (2013). Current estimate of Down
syndrome population prevalence in the United States. The Journal of

Pediatrics, 163(4), 1163–1168.

Price 2007

Price, J., Roberts, J., Vandergrift, N., & Martin, G. (2007). Language
comprehension in boys with Fragile X syndrome and boys with Down

syndrome. Journal of Intellectual Disability Research, 51(4), 318–326.

Pustejovsky 2017

Pustejovsky, J. E. (2017). clubSandwich: Cluster‐robust (sandwich) variance
estimators with small‐sample corrections. r‐project. https://cran.r-
project.org/%0Apackage=clubSandwich

R Core Team 2023

R CoreTeam. (2023). R: A language and environment for statistical computing. R
Foundation for Statistical Computing. https://www.Rproject.org

Raitano 2016

Raitano Lee, N. R., Maiman, M., & Godfrey, M. (2016). What can
neuropsychology teach us about intellectual disability?: Searching for
commonalities in the memory and executive function profiles associated
with Down, Williams, and Fragile X syndromes. International Review of

Research in Developmental Disabilities, 51, 1–40.

Rice 2005

Rice, M. L., Warren, S. F., & Betz, S. K. (2005). Language symptoms of
developmental language disorders: An overview of autism, Down

syndrome, fragile X, specific language impairment, and Williams
syndrome. Applied Psycholinguistics, 26(1), 7–27.

Rice 2016

Rice, M. L. (2016). Specific language impairment, nonverbal IQ, attention‐
deficit/hyperactivity disorder, autism spectrum disorder, cochlear
implants, bilingualism, and dialectal variants: Defining the bounda-
ries, clarifying clinical conditions, and sorting out causes. Journal of

Speech, Language, and Hearing Research, 59(1), 122–132.

Ring 2005

Ring, M., & Clahsen, H. (2005). Distinct patterns of language impairment in
Down's syndrome and Williams syndrome: The case of syntactic
chains. Journal of Neurolinguistics, 18(6), 479–501.

Roberts 2007

Roberts, J., Price, J., Barnes, E., Nelson, L., Burchinal, M., Hennon, E. A.,
Moskowitz, L., Edwards, A., Malkin, C., Anderson, K.,
Misenheimer, J., & Hooper, S. R. (2007). Receptive vocabulary,
expressive vocabulary, and speech production of boys with Fragile X

syndrome in comparison to boys with Down syndrome. American

Journal on Mental Retardation, 112(3), 177–193.

Roberts 2011

Roberts, M. Y., & Kaiser, A. P. (2011). The effectiveness of parent‐
implemented language interventions: A meta‐analysis. American

Journal of Speech‐Language Pathology, 20(3), 180–199.

Rodgers 2021

Rodgers, M. A., & Pustejovsky, J. E. (2021). Evaluating meta‐analytic
methods to detect selective reporting in the presence of dependent
effect sizes. Psychological methods, 26(2), 141–160.

Rogde 2019

Rogde, K., Hagen, Å. M., Melby‐Lervåg, M., & Lervåg, A. (2019). The effect
of linguistic comprehension instruction on generalized language and
reading comprehension skills: A systematic review. Campbell

Systematic Reviews, 15, e1059. https://doi.org/10.1002/cl2.1059

Rogde, Hagen 2021

Rogde, K., Hagen, Å. M., Lervåg, A., & Melby‐Lervåg, M. (2021). Improvement

in oral language interventions: Differences and relation between effects
on treatment‐inherent measures and effects on standardized tests.
Nordic Journal of Literacy Research, 7(2).

Rogde, Melby‐Lervåg

Rogde, K., Melby‐Lervåg, M., & Lervåg, A. (2016). Improving the general
language skills of second‐language learners in kindergarten: A

randomized controlled trial. Journal of Research on Educational

Effectiveness, 9, 150–170.

46 of 48 | DONOLATO ET AL.

https://doi.org/10.1136/bmj.n71
https://cran.r-project.org/%0Apackage=clubSandwich
https://cran.r-project.org/%0Apackage=clubSandwich
https://www.Rproject.org
https://doi.org/10.1002/cl2.1059


Roid 1997

Roid, G. H., & Miller, L. J. (1997). Leiter International Performance Scale‐
Revised (Leiter‐R). Stoelting.

Roid 2003

Roid, G. H. (2003). Stanford‐Binet Intelligence Scales–Fifth edition. Riverside
Publishing.

Sandbank 2020

Sandbank, M., Bottema‐Beutel, K., Crowley, S., Cassidy, M., Feldman, J. I.,
Canihuante, M., & Woynaroski, T. (2020). Intervention effects on
language in children with autism: A project AIM meta‐analysis. Journal of
Speech, Language, and Hearing Research, 63(5), 1537–1560.

Semel 2006

Semel, E. M., Wiig, E. H., & Secord, W. (2006). CELF 4: Clinical evaluation of

language fundamentals. Pearson, Psychological Corporation.

Simonsohn 2014

Simonsohn, U., Nelson, L. D., & Simmons, J. P. (2014). P‐curve: A key to
the file‐drawer. Journal of Experimental Psychology: General, 143(2),

534–547.

Smith 2020

Smith, E., Hokstad, S., & Næss, K. A. B. (2020). Children with Down
syndrome can benefit from language interventions. Results from a
systematic review and meta‐analysis. Journal of Communication

Disorders, 85, 105992.

Snow 2021

Snow, P. C. (2021). SOLAR: The science of language and reading. Child
Language Teaching and Therapy, 37(3), 222–233. https://doi.org/10.
1177/0265659020947817

Stanley 2014

Stanley, T. D., & Doucouliagos, H. (2014). Meta‐regression approximations
to reduce publication selection bias. Research Methods, 5(1), 60–78.
https://doi.org/10.1002/jrsm.1095

Stanley 2017

Stanley, T. D. (2017). Limitations of PET‐PEESE and other meta‐analysis
methods. Social Psychological and Personality Science, 8(5), 581–591.
https://doi.org/10.1177/1948550617693062

Stothard 1998

Stothard, S. E., Snowling, M. J., Bishop, D. V., Chipchase, B. B., &
Kaplan, C. A. (1998). Language‐impaired preschoolers: A follow‐up
into adolescence. Journal of Speech, Language, and Hearing Research,

41(2), 407–418.

Strømme 2002

Strømme, P., Bjørnstad, P. G., & Ramstad, K. (2002). Prevalence estimation
of Williams syndrome. Journal of Child Neurology, 19(4), 269–271.

Thapar 2015

Thapar, A., & Rutter, M. (2015). Neurodevelopmental disorders. In M. J.
Rutter, D. Bishop, D. S. Pine, S. Scott, J. S. Stevenson, E. A. Taylor, &
A. Thapar (Eds.), Rutter's child and adolescent psychiatry (5th ed., pp.
31–40). John Wiley & Sons.

Toffal ini 2021

Toffalini, E., Giofrè, D., Pastore, M., Carretti, B., Fraccadori, F., & Szűcs, D.
(2021). Dyslexia treatment studies: A systematic review and
suggestions on testing treatment efficacy with small effects and
small samples. Behavior Research Methods, 53(5), 1954–1972.

Tomblin 1997

Tomblin, J. B., Records, N. L., Buckwalter, P., Zhang, X., Smith, E., &
O'Brien, M. (1997). Prevalence of specific language impairment in
kindergarten children. Journal of Speech, Language, and Hearing

Research, 40(6), 1245–1260.

Valentin 2014

Valenti, D., de Bari, L., De Filippis, B., Henrion‐Caude, A., &

Vacca, R. A. (2014). Mitochondrial dysfunction as a central actor
in intellectual disability‐related diseases: An overview of Down
syndrome, autism, Fragile X and Rett syndrome. Neuroscience &

Biobehavioral Reviews, 46, 202–217.

Viechtbauer 2010

Viechtbauer, W. (2010). Conducting meta‐analyses in R with the metafor

package. Journal of Statistical Software, 36(3), 1–48.

Warren 2007

Warren, S. F., Fey, M. E., & Yoder, P. J. (2007). Differential treatment
intensity research: A missing link to creating optimally effective
communication interventions. Mental Retardation and Developmental

Disabilities Research Reviews, 13(1), 70–77.

Wechsler 2003

Wechsler, D. (2003). WISC‐IV: Technical and interpretive manual. Psycho-
logical Corporation.

Weindrich 2000

Weindrich, D., Jennen‐Steinmetz, C., Laucht, M., Esser, G., &
Schmidt, M. H. (2000). Epidemiology and prognosis of specific
disorders of language and scholastic skills. European Child &

Adolescent Psychiatry, 9(3), 186–194.

West 2021

West, G., Melby‐Lervåg, M., & Hulme, C. (2021). Is a procedural learning
deficit a causal risk factor for developmental language disorder or

DONOLATO ET AL. | 47 of 48

https://doi.org/10.1177/0265659020947817
https://doi.org/10.1177/0265659020947817
https://doi.org/10.1002/jrsm.1095
https://doi.org/10.1177/1948550617693062


dyslexia? A meta‐analytic review. Developmental Psychology, 57(5),
749–470.

West, Snowling 2021

West, G., Snowling, M. J., Lervag, A., Buchanan‐Worster, E., Duta, M.,
Hall, A., & Hulme, C. (2021). Early language screening and
intervention can be delivered successfully at scale: evidence from
a cluster randomized controlled trial. Journal of Child Psychology and

Psychiatry, 62(12), 1425–1434.

Wetherby 2004

Wetherby, A. M., Woods, J., Allen, L., Cleary, J., Dickinson, H., & Lord, C.
(2004). Early indicators of autism spectrum disorders in the second
year of life. Journal of Autism and Developmental Disorders, 34(5),

473–493.

Wickham 2016

Wickham, H. (2016). ggplot2: Elegant graphics for data analysis. Springer‐
Verlag.

Wil l iams 2007

Williams, K. T. (2007). EVT‐2: Expressive vocabulary test. Pearson

Assessments.

Yoder 2013

Yoder, P. J., Bottema‐Beutel, K., Woynaroski, T., Chandrasekhar, R., &
Sandbank, M. (2013). Social communication intervention effects

vary by dependent variable type in preschoolers with autism
spectrum disorders. Evidence‐based Communication Assessment and

Intervention, 7(4), 150–174.

Zeidan 2022

Zeidan, J., Fombonne, E., Scorah, J., Ibrahim, A., Durkin, M. S., Saxena, S.,
Yusuf, A., Shih, A., & Elsabbagh, M. (2022). Global prevalence of

autism: A systematic review update. Autism Research, 15(5),
778–790. https://doi.org/10.1002/aur.2696

Zwetsloot 2017

Zwetsloot, P. P., Van Der Naald, M., Sena, E. S., Howells, D. W.,
IntHout, J., De Groot, J. A., Chamuleau, S. A. J., MacLeod, M. R., &
Wever, K. E. (2017). Standardized mean differences cause funnel

plot distortion in publication bias assessments. Elife, 6, e24260.
https://doi.org/10.7554/eLife.24260

SUPPORTING INFORMATION

Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Donolato, E., Toffalini, E., Rogde, K.,

Nordahl‐Hansen, A., Lervåg, A., Norbury, C., & Melby‐Lervåg,

M. (2023). Oral language interventions can improve language

outcomes in children with neurodevelopmental disorders: A

systematic review and meta‐analysis. Campbell Systematic

Reviews, 19, e1368. https://doi.org/10.1002/cl2.1368

48 of 48 | DONOLATO ET AL.

https://doi.org/10.1002/aur.2696
https://doi.org/10.7554/eLife.24260
https://doi.org/10.1002/cl2.1368

	Oral language interventions can improve language outcomes in children with neurodevelopmental disorders: A systematic review and meta-analysis
	1 PLAIN LANGUAGE SUMMARY
	1.1 Language interventions can improve speaking skills in children with neurodevelopmental disorders
	1.2 What is this review about?
	1.3 What studies are included?
	1.4 Do oral language interventions attenuate language problems in children across different neurodevelopmental disorders?
	1.5 What factors affect how well oral language interventions work?
	1.6 What do the findings of this review mean?
	1.7 How up-to-date is this review?

	2 BACKGROUND
	2.1 The problem, condition or issue
	2.1.1 The value of a transdiagnostic approach to language intervention

	2.2 Description of the condition
	2.2.1 Neurodevelopmental disorders included in the review
	Multi-factorial disorders without known genetic aetiology
	Language disorder
	Intellectual disability
	Autism

	Syndromes with a known aetiology
	Down syndrome
	Williams syndrome
	Fragile X syndrome



	2.3 Description of the intervention
	2.3.1 Theoretical approaches to language intervention

	2.4 How the intervention might work
	2.4.1 Factors related to children's characteristics that may impact the intervention's effects
	Diagnostic condition
	Age
	Biological sex
	Non-verbal IQ
	Language level at baseline

	2.4.2 Factors related to components and implementation of language intervention that might influence intervention effects
	Focus of the intervention and language skills targeted
	Language outcome measure
	Settings
	Delivery agents
	Dosage


	2.5 Why it is important to do this review

	3 OBJECTIVES
	4 METHODS
	4.1 Criteria for considering studies for this review
	4.1.1 Types of studies
	4.1.2 Types of participants
	4.1.3 Types of interventions
	4.1.4 Types of outcome measures
	Primary outcomes
	Secondary outcomes
	Duration of follow-up
	Types of settings
	Delivery agents



	4.2 Search methods for identification of studies
	4.2.1 Electronic searches
	4.2.2 Searching other resources

	4.3 Data collection and analysis
	4.3.1 Selection of studies
	4.3.2 Data extraction and management
	4.3.3 Assessment of risk of bias in included studies
	4.3.4 Measures of treatment effect
	4.3.5 Unit of analysis issues
	4.3.6 Dealing with missing data
	4.3.7 Assessment of heterogeneity
	4.3.8 Assessment of reporting biases
	4.3.9 Data synthesis
	Meta-analytic modelling
	Additional analysis of power

	4.3.10 Subgroup analysis and investigation of heterogeneity
	4.3.11 Sensitivity analysis
	Treatment of qualitative research

	4.3.12 Summary of findings and assessment of the certainty of the evidence


	5 RESULTS
	5.1 Description of studies
	5.1.1 Results of the search
	5.1.2 Included studies
	Overview of study characteristics
	Participants' characteristics
	Components and implementation of language interventions
	Indicators of study quality


	5.1.3 Excluded studies

	5.2 Risk of bias in included studies
	5.2.1 Allocation (selection bias)
	Selection bias

	5.2.2 Blinding (performance bias and detection bias)
	Performance bias
	Detection bias

	5.2.3 Incomplete outcome data (attrition bias)
	Attrition bias

	5.2.4 Selective reporting (reporting bias)
	Reporting bias


	5.3 Effects of interventions
	5.3.1 Meta-analytic estimates
	5.3.2 Assessment of publication bias
	5.3.3 Analysis of moderators
	Participants' characteristics
	Components and implementation of language interventions
	Indicators of study quality

	5.3.4 Retrospective consideration of power


	6 DISCUSSION
	6.1 Summary of main results
	6.1.1 Are oral language interventions effective to attenuate language problems in children across different neurodevelopmental disorders?
	6.1.2 What factors do moderate the response to treatment?

	6.2 Overall completeness and applicability of evidence
	6.3 Quality of the evidence
	6.4 Potential biases in the review process
	6.5 Agreements and disagreements with other studies or reviews

	7 AUTHORS' CONCLUSIONS
	7.1 Implications for practice
	7.2 Implications for research

	ACKNOWLEDGEMENTS
	CONTRIBUTIONS OF AUTHORS
	DECLARATIONS OF INTEREST
	PLANS FOR UPDATING THIS REVIEW
	DIFFERENCES BETWEEN PROTOCOL AND REVIEW
	SOURCES OF SUPPORT
	ORCID
	REFERENCES
	mk:titleH1116
	Adams 2012
	Baxter 2022
	Boyle 2009
	Burgoyne 2012
	Calder 2021
	Casenheiser 2013
	Crain-Thoreson 1999
	Ebbels 2012
	Ebbels 2014
	Fey 1993
	Gallagher 2009
	Gengoux 2019
	Girolametto 1996
	Green 2010
	Haley 2017
	Hardan 2015
	Henry 2020
	Hudson 2017
	Joffe 2019
	Lavelli 2019
	Lo 2021
	Lourenco 2020
	McDuffie 2018
	Motsch 2012
	Motsch 2015
	Norbury 2017
	Pile 2010
	Pustejovsky 2021
	Rahman 2016
	Roberts 2012
	Roux 2015
	Sajaniemi 2010
	Salt 2002
	Sepúlveda 2013
	Sokmum 2017
	Solari 2020
	Solomon 2014
	Starling 2012
	van der Schuit 2011
	van Kleeck 2006
	Wake, Tobin 2013
	Wake 2015
	Washington 2011
	Westerveld 2021
	Wright 1993
	EXCLUDED STUDIES
	Acosta-Rodríguez 2022
	Aldred 2004
	Allen 2015
	Bangert 2019
	Barber 2020
	Baum 1975
	Baxendale 2003
	Bentenuto 2020
	Bowyer-Crane 2011
	Broomfield 2011
	Buschmann 2009
	Champion 1987
	Cohen 2006
	Cole 1986
	Colmar 2011
	Colombi 2018
	Dale 1996
	Davies 2004
	Dawes 2019
	Dickson 2009
	Dodd 2011
	Duifhuis 2017
	Eidsvåg 2019
	Eikeseth 2002
	Gibbard 1994
	Gibbard 2004
	Ginn 2017
	Girolametto 1998
	Glogowska 2000
	Glogowska 2002
	Green 2015
	Hagen 2017
	Hampton 2017
	Hodge 2004
	Ingersoll 2013
	Jocelyn 1998
	Karaaslan 2013
	Kasari 2005
	Kasari 2014
	Kasari 2015
	Krishnan 2016
	Kruythoff-Broekman
	Landa 2012
	Law 1999
	Lee 2016
	Leonard 2004
	Lousada 2016
	Lowe 2019
	Malucelli 2021
	McDade 1998
	McDaniel 2020
	Mohammadzaheri 2022
	Nefdt 2010
	Oosterling 2010
	Pangniban 2019
	Parsons 2019
	Phillips 2016
	Remington 2007
	Rickards 2007
	Roberts 2011
	Robertson 1999
	Rogers 2012
	Smith-Lock 2013
	Solomon 2007
	Solomon 2008
	To 2015
	Tonge 2014
	Tyler 1991
	van Balkom 2010
	Wake 2013
	Wetherby 2014
	Wing 1990
	Wong 2010
	Xu 2018
	Yoder 2002
	Young 2016
	OTHER REFERENCES
	Abbeduto 2016
	Altoè 2020
	American Psychiatric Association 2013
	Astle 2022
	Bailey, Duncan, Cunha 2020
	Bailey, Duncan, Odgers 2017
	Baird 2006
	Baron 2022
	Baron-Cohen 2009
	Bayley 2006
	Beitchman 1986
	Bellugi 2000
	Bishop 2003
	Bishop 2008
	Bishop 2014
	Bishop 2016
	Bishop 2017
	Black 2015
	Borenstein 2011
	Borenstein 2017
	Brock 2008
	Brown 1997
	Carrow-Woolfolk 1999
	CDC 2021
	Cirrin & Gillam
	Cirrin 2010
	Cohen 2001
	Cornish 2004
	Cronin 2020
	De Giacomo 1998
	Dubois 2020
	Duff 2015
	Dunn 1997
	Dunn 2007
	D'Souza 2017
	Ebbels 2007
	Erickson 2018
	Fenson 2007
	Finestack 2013
	Fombonne 2009
	Frizelle 2021
	Gardner 2019
	Gelman 2014
	Gerber 2012
	Gibson 2013
	Glenn 2005
	Guyatt 2008
	Hagen 2017
	Hall 2008
	Hampton 2016
	Hick 2005
	Higgins 2011
	Hulme 2013
	Hulme 2014
	Hulme 2015
	Hunter 2014
	Ingre 2013
	Jessup 2008
	Kalandadze 2016
	Karmiloff-Smith 1997
	Karmiloff-Smith 2007
	Kaufman 2004
	Kjelgaard 2001
	Klusek 2014
	Kogan 2009
	Kover 2015
	Kraft 2020
	Law 2004
	Laws 2003
	Lepola 2016
	Lervåg 2018
	Lipsey & Wilson 1993
	Loucas 2008
	Macpherson 2016
	Marchman 2008
	Martens 2008
	Martin 2009
	Martin 2013
	Maughan 2019
	McKenzie 2016
	Melby-Lervåg 2013
	Melby-Lervåg 2014
	Melby-Lervåg 2020
	Mervis 2010
	Mitchell 2018
	Moeschler 2014
	Morris 2008
	Morris 2010
	Morris 2020
	Nation 2005
	Norbury 2005
	Norbury 2015
	Norbury 2015b
	Norbury 2016b
	Norbury 2016
	Nordahl-Hansen 2016
	Nordahl-Hansen 2019
	Næss 2011
	O'Hare 2013
	O'Neill 2018
	Page 2021
	Patterson 2013
	Pickles 2014
	Pober 2010
	Presson 2013
	Price 2007
	Pustejovsky 2017
	R Core Team 2023
	Raitano 2016
	Rice 2005
	Rice 2016
	Ring 2005
	Roberts 2007
	Roberts 2011
	Rodgers 2021
	Rogde 2019
	Rogde, Hagen 2021
	Rogde, Melby-Lervåg
	Roid 1997
	Roid 2003
	Sandbank 2020
	Semel 2006
	Simonsohn 2014
	Smith 2020
	Snow 2021
	Stanley 2014
	Stanley 2017
	Stothard 1998
	Strømme 2002
	Thapar 2015
	Toffalini 2021
	Tomblin 1997
	Valentin 2014
	Viechtbauer 2010
	Warren 2007
	Wechsler 2003
	Weindrich 2000
	West 2021
	West, Snowling 2021
	Wetherby 2004
	Wickham 2016
	Williams 2007
	Yoder 2013
	Zeidan 2022
	Zwetsloot 2017
	SUPPORTING INFORMATION




