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Abstract

Background Communication and language profiles in neurodevelopmental conditions are characterised by 

enormous phenotypic heterogeneity. We sought to identify subgroups of Minimally Verbal (MV) children in a school-

age transdiagnostic sample. We hypothesised that a cluster with a discrepant profile (strong receptive but low speech 

production and expressive spoken language skills) would emerge.

Methods We recruited MV children and their families (n = 193; mean age 7.6 years (sd: 2.5, range 4–13); 73% male). 

The sample varied in their adaptive skills and range of diagnoses (autism 77%, genetic syndrome 15%). Children took 

part in a play-based experimenter-child interaction designed to elicit communicative acts such as requesting or 

sharing attention. Parents completed questionnaires about their child’s developmental profile, communicative and 

adaptive skills. Additional in-person batteries probed children’s motor, imitative and receptive language skills. The 

multi-task, multi-informant communication-related variables were then entered into a pre-registered agglomerative 

hierarchical cluster analysis.

Results Six distinct clusters emerged and were compared in relation to non-social autism symptoms, motor skills, 

adaptive skills and demographic measures. For four clusters, children’s receptive, expressive, adaptive and motor skills 

were fairly commensurate and could be described as very low-, low-, mid- or high-skill. Two further clusters described 

discrepant profiles of ability where speech and spoken language skills were disproportionately lower. Exploratory 

analyses revealed that children in different clusters differed in terms of their diagnostic profiles, use of Augmentative 

and Alternative Communication (AAC) and echolalia.

Limitations Whilst the inclusive, trait-based, transdiagnostic approach taken has high ecological validity, some 

measures employed were thus necessarily bespoke, adapted or non-normed and reported diagnoses did not 

undergo systematic validation.

Conclusion The hypothesised discrepant profile emerged whereby some MV children had stronger receptive than 

expressive skills, suggesting motor barriers to speech that necessitate tailored support.
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Background
Access to a shared linguistic code, in the form of spo-

ken, written or signed language, is a unique and vital tool 

for societal participation, self-advocacy and interper-

sonal connection. An inability to use spoken language 

can emerge during development in the presence of a 

host of Neuro-Developmental Conditions (NDCs) such 

as autism, intellectual disability, or certain genetic syn-

dromes, and in the most severe cases this can manifest 

as a loss of previously attained language skills or their 

failure to emerge. In autism, expressive language predicts 

later academic performance, relationships, and quality of 

life [1] and is negatively associated with behavioural and 

emotional difficulties [2, 3].

Language trajectories in NDCs are characterised by 

enormous within-condition heterogeneity as well as 

between-condition similarities. Research aiming to 

understand and remediate barriers to spoken language 

acquisition in NDCs has hitherto been dominated by 

autism research, due to its relatively high prevalence and 

research funding [4]. In the last decade, research includ-

ing those with autism and complex communication needs 

(referred to variously as individuals who are MV, prever-

bal, nonverbal, low verbal, those with absent speech, or 

non-speakers1) has increased from a low baseline [5], yet 

this group remains poorly represented in autism research 

[6–8], considering they represent 25–30% of all autistic 

people [9, 10]. Sparse extant literature predominantly 

focusses on pre-school MV autistic children (e.g. [11, 

12]), with fewer studies of school-age children or more 

diverse samples including other NDCs.

A lack of consensus on who ‘counts’ as MV ([13]) cou-

pled with a dearth of appropriate standardised measures 

of prelinguistic communication and the logistical chal-

lenges of reaching and involving families with a child 

with complex behavioural needs has hindered research 

progress [14]. Definitions of MV often apply specific 

arbitrary expressive vocabulary size limits (e.g. [15]), 

however caregivers vary in their confidence and consis-

tency to accurately report vocabulary when their child 

has low language skills [16]. Alternative stage-based 

1 We note this latter term is gaining popularity in the autism community 
[94] however the current study employs minimally verbal (MV) as a catch-
all term for those with complex communication needs due to its prevalence 
in previous literature. We note that there is no agreed definition for any of 
these terms, and depending on the context, they may imply subtly or dras-
tically different presentations or be used interchangeably. An example is 
that ‘preverbal’ can imply that spoken language development is expected 
at a future point (e.g. the child is still young and/or their trajectory is one 
towards spoken language use), but in other contexts is used uniformly 
regardless of current ability or expected trajectory in line with affirming 
practices which aim to presume competence in all individuals.

approaches incorporate broader concepts such as the 

‘flexible’ use of spoken language, the ability to generate 

novel word combinations in a range of settings for multi-

ple functions. While ascertaining a child’s language stage 

may require more intensive information gathering from 

multiple measurements/informants [17], research using 

these broader definitions may provide a more pragmatic 

framework to explore the fuller range of individuals with 

complex communication needs. Thus, for example, Baro-

kova and colleagues used selection of ADOS module (1 

or 2) to categorise participants as ‘minimally verbal’ or 

‘low verbal’ respectively [18].

Investigations of MV children have so far been lim-

ited to those with a primary diagnosis of autism, despite 

children with other NDCs also presenting as MV. This 

prevents us from generalising any findings to clinical 

caseloads and specialist classrooms and potentially biases 

samples in unhelpful ways. Trait-based approaches to 

neurodevelopmental studies seek to mitigate diagnostic 

instability, overshadowing or inaccuracy, high rates of 

comorbidity and cross-disorder similarity, by examining 

specific features in transdiagnostic samples [19–21]. This 

approach has not yet been applied to MV individuals to 

our knowledge.

Regardless of primary diagnosis, MV children with 

NDCs share a similar spoken language profile, alongside 

highly variable levels of other expressive, communicative 

and cognitive skills, autistic features and other comor-

bidities. Teasing apart competence in different modes 

of expressive and receptive language (sign, symbol, text, 

spoken), forms of language (morphology, vocabulary, 

syntax) and non-linguistic communicative competencies, 

social cognition and social motivation requires in-depth 

assessments. Results of deep or precision phenotyping of 

these abilities could reveal distinct patterns of associa-

tion, supporting the presence of subgroups with differ-

ing needs and strengths, which could inform theories of 

etiology or improve prognostic forecasting and support 

planning and therapy [22, 23]. Delineating speech sound 

production skills from expressive language abilities (via 

spoken or other language forms) is a key element to such 

phenotyping efforts [22].

Prior research has tried to identify meaningful sub-

groups in the autistic population based on specific pro-

files of ability/challenge, in order to make sense of the 

heterogeneity (for a review, see [24]). Key subgrouping 

studies with a communication focus are summarised 

in Table S1. The existence of a discrepant group, where 

expressive skills are below receptive abilities is a recur-

ring observation in this literature [25–28]. Broome et al. 

[25] used Hierarchical Cluster Analysis on a sample of 

Keywords Autism, Minimally verbal, Speech, Language, Communication, Subgroups
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2- to 7-year-old autistic children of mixed linguistic abil-

ity (n = 22) and identified three clusters using variables 

derived from speech and language assessments. One 

cluster comprised those with generally low language/

speech abilities, one comprised those with generally high 

language/speech abilities, and a third group had high 

receptive language skills but poor speech sound produc-

tion and expressive spoken language. Limitations of clini-

cal phenotyping studies such as [25] are the sample size, 

inclusion of young children (who may simply be late talk-

ers), and those with diverse linguistic abilities. Replicated 

evidence of this third cluster on a larger sample where 

MV status has been more robustly determined would 

confirm there is a subgroup of MV children who show a 

disconnect between social and/or symbolic abilities and 

vocal output.

The theoretical importance of this purported recep-

tive > expressive subgroup is that its existence would sup-

port the notion that some MV autistic children have an 

additional speech-motor related barrier to communica-

tion. Other work has identified a larger than expected 

overlap in autistic and apraxic features in clinical sam-

ples [29, 30]. Furthermore, Saul and Norbury [11] found 

that social variables such as intentional communication 

and response to joint attention were not protective for 

expressive language in a MV cohort (n = 27), whereas 

initial speech sound repertoire predicted expressive lan-

guage over 12 months. Associations between early vocal 

sophistication and later expressive language in autistic 

sample echo these findings [31, 32]. Understanding the 

prevalence of and functional impact for this purported 

subgroup could inform mechanistic theories of atypical 

language development and generate novel avenues for 

identification and intervention.

Other communication-focussed cluster analyses have 

either recruited more verbally able participants [33, 34] 

or included younger participants, some of whom may be 

preverbal and therefore have different characteristics to 

older MV cohorts (e.g. [35, 36]). Pizzano and colleagues 

[37] conducted a latent profile analysis of 344 MV 3- to 

8-year-olds using secondary data with social, language 

and cognitive variables. A large globally weak cluster 

(n = 206), a smaller globally moderate cluster (n = 95) 

and a third cluster with variable strengths (n = 43) were 

identified, demonstrating that MV autistic children can 

be systematically categorised by their heterogenous fea-

tures. To our knowledge, no cluster analysis has focussed 

solely on school-age, MV children, and no study has 

approached this question trans-diagnostically. Doing so 

may offer insights into differential profiles. In turn these 

profiles might be associated with different characteris-

tics, such as ability to use AAC devices or diagnostic sta-

tus. Establishing profiles and their correlates thus allows 

us to understand whether there are different groups of 

non-verbal children who may stand to benefit from dif-

fering therapeutic approaches.

The current study

The current study uses data from the first wave of a 

planned 4-wave longitudinal study of MV children in the 

UK (n = 193, 73% male, mean age 7;6, range 4;0–12;11). 

This study aims to replicate and extend previous data-

driven cluster analyses, examining constellations of lan-

guage strengths and challenges in autistic individuals 

[25, 38, 39]. This study follows a recent drive in genetic, 

behavioural and imaging neurodevelopmental research 

to focus on endophenotypes, i.e. to look trans-diagnos-

tically at specific traits rather than diagnostic categories, 

given within-condition heterogeneity and between-con-

dition commonalities [19–21].

We report descriptive statistics on the resulting clus-

ters relating to non-social autism symptoms, motor skills, 

adaptive skills and demographic measures. Our research 

questions were:

1)  Which subgroups of MV children emerge from 

a data-driven cluster analysis of communication-

related measures?

2)  What other factors are differentially associated with 

the identified clusters?

We hypothesised that more than one subgroup would be 

identified and, critically, that at least one cluster would 

emerge with a discrepant profile whereby the ability to 

produce speech sounds and spoken language is dispro-

portionately weak compared to receptive (language com-

prehension) and non-spoken communication skills. We 

refer to this as a ‘receptive > expressive profile’.

Methods
This study was granted ethical approval by UCL Research 

Ethics Committee: Approval Number 20175/002. Our 

research questions, aims and methods were pre-regis-

tered (https://osf.io/ns8cm), a summary of changes since 

pre-registration can be found in Appendix 1.

Participants

A final sample of 193 participants was recruited via 

local and national charities, social media, research net-

works and special schools. The recruitment process 

was designed to capture the full diversity of UK-based 

children with a developmental condition who were MV 

children (i.e., excluding only MV children who had a 

non-developmental condition such as brain injury). The 

study flyer (see Appendix 2) referred to neuro-diver-

gent children, and the word ‘autism’ appeared in a word 

cloud of several examples of developmental conditions 

including genetic syndromes. Recruitment from schools 

https://osf.io/ns8cm
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included all those geographically accessible who cater for 

MV children with any diagnosis. No single school taught 

more than 7% of the children in the study, who attended 

114 unique schools. We involved national and local char-

ities including autism and genetic syndrome charities. 

Interested caregivers were sent further information and 

consent forms to be signed electronically. To encourage 

participation and minimise attrition, participants and, 

where applicable, their schools were incentivised through 

monetary compensation upon study completion (£25 

voucher each for the family and also the school if testing 

took place there).

Inclusion criteria were that the child was

a)  aged 4;0 to 12;11 years (at the time of in person 

assessment)

b)  living the in UK with adequate exposure to English 

(educated full time in an English-speaking setting 

or home educated with at least 50% of caregiver 

language in English)

c)  MV. This was determined by a) caregivers 

positively endorsing either of the questions 

“Would you describe your child as “minimally 

verbal” at this time?” or “Would you describe your 

child as “nonverbal” at this time?” in a screening 

questionnaire (see LVIS 4.0 below), and b) the 

child’s spoken language in a subsequent in-person 

assessment being below a pre-determined threshold 

(see Participant exclusion below).

Participants were not required to have an autism diag-

nosis, however the majority did (77%, by parent report, 

rising to 87% when including those on autism waiting 

lists or with suspected autism). Intellectual disability was 

reported as diagnosed in 26% of participants and genetic 

conditions were reported in 15% of participants, with 30 

separate genetic conditions named. Participants reported 

all possible combinations of these three diagnostic cat-

egories. There were no additional exclusion criteria relat-

ing to comorbidities but children with parent-reported 

non-developmental reasons for being MV, e.g., brain 

injury, would have been excluded (n = 0). For additional 

demographic information, see Table 1. Responding care-

givers were 91% mothers, 8% fathers and 1% other (e.g. 

grandparent).

Measures

Screening measures

Low Verbal Investigatory Survey (LVIS 4.0) [41] This 

30-item parent report measure is designed to capture 

communicative capacity and autism-associated language 

atypicalities in MV children (e.g. echolalia). We adapted 

the item “Would you describe your child as “minimally 

verbal” or “nonverbal” at this time?” following piloting 

feedback. We transformed it into two separate items 

(“Would you describe your child as “minimally verbal” 

at this time?” and “Would you describe your child as 

“nonverbal” at this time?”) given that some parents inter-

preted the original question as choosing between the two 

labels, and/or expressed a desire to describe their child as 

one but not the other. Positive response to either led to 

inclusion in the study (however see Participant exclusion 

below).

Bespoke demographic and inclusion criteria ques-

tionnaire. This measured if other inclusion criteria were 

met (age, UK residency, absence of non-developmental 

causes for communication profile such as brain injury).

In person assessment measures

Language sample. During a play session, experiment-

ers followed a semi-structured protocol to systemati-

cally introduce motivating items to elicit communicative 

behaviours, adapted from the Communication and Sym-

bolic Behaviour Scales (CSBS [42]), and further described 

in Appendix 3. Measures derived from this language 

sample were consonant inventory, rate of intentional 

communication acts, sophistication of communicative 

acts using the Communication Complexity Scale (CCS 

[43]), Number of Different Words (NDW) and rate of 

communicative utterances.

Imitation. We administered initial items from the 

Kaufman Speech Praxis Test speech - Part 2, sections A 

to D [44] to evaluate speech sound imitation and Part 1 

(first 10 items) to evaluate oral motor imitation. Exam-

ple items include encouraging the child to imitate mak-

ing the sound/b/or sticking out their tongue. The 16-item 

Motor Imitation Scale (MIS; [45]); was administered to 

evaluate simple motor imitation skills, such as drumming 

on the table or waving.

Receptive language. A bespoke task where the child 

had to select the correct picture from a choice of two 

when the experimenter gave one of 12 words (by giving, 

pointing or tapping the image).

Fine motor skills. These were evaluated using 3 items 

from the Mullen Scales of Early Learning (MSEL [46]), 

namely coin posting (Fine Motor item 16), tower building 

(Fine Motor item 17) and path tracing (Fine Motor item 

23).

Parent report measures

Brief UK CDI [47, 48]. A checklist of 51 first words 

where parents report if their child can understand or say 

each item. This yields measures of receptive and expres-

sive vocabulary.

Parts A to D of Language Use Inventory items (LUI 

[49]). This measures early communication skills, e.g. ges-

ture use.
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Autism Symptom Dimension Questionnaire (ASDQ 

[50]). This is an open-source parent-report measure of 

autism symptoms with 39 likert response items, normed 

on a sample of 2 to 17 year olds across verbal abilities and 

designed to mirror DSM-V domains. It includes items 

describing social communication, restrictive and repeti-

tive behaviour and sensory features.

Receptive Language Competence Subscale from 

Pervasive Developmental Disorder Behaviour Inventory 

(PDDBI [51]). This comprises 8 Likert-style items asking 

parents the extent to which their child demonstrates spe-

cific behaviours (e.g., “Understands big versus little (e.g., 

by giving the big ball instead of the little one, when asked, 

without the help of gestures)”).

Developmental Coordination Disorder Question-

naire 2007 (DCDQ [52]). This comprises 15 Likert-style 

items to evaluate a child’s motor performance relative 

to same-aged peers when engaged in everyday activities 

such as catching a ball or jumping.

The “speedy” version of Pediatric Evaluation of Dis-

ability Inventory-Computer Adaptive Test (PEDI-CAT 

[53]). This was used as a measure of adaptive skills com-

prising Daily Living, Social/Cognition, Responsibility and 

Mobility domains. Given the brief and adaptive nature 

of the PEDI-CAT, a conservative approach was taken to 

remove subdomain scores where a high proportion of 

‘don’t know’ answers were given ( > 50%) or the fit score 

was below the recommended threshold (−1.65).

Bespoke Parent questionnaire. This gathered infor-

mation on use of forms of AAC, educational support and 

comorbid conditions.

Procedure

Screening questionnaire

Once participants had consented to take part in the study, 

they completed a screening questionnaire (n = 235) which 

gathered contact information, demographic information 

and a preliminary language measure, LVIS 4.0 [41]. Any 

participants whose family did not describe them as MV 

or nonverbal (n = 3) or did not meet age (n = 3) or UK 

residency criteria (n = 3) did not proceed further with the 

study. A further 26 participants withdrew, lost contact or 

were unable to schedule the in-person assessment and 

were thus excluded from the study.

In person assessment

Participants were subsequently contacted to arrange 

an in-person assessment, which could take place either 

at their home (n = 72) or at their educational setting 

(n = 121). This assessment encompassed (1) a language 

sample, (2) imitation tasks (3) receptive language task 

and (4) motor tasks, all of which are described in further 

detail in Table 2.

Table 1 Demographic characteristics of sample

Male Female Total

(n = 141) (n = 52) (n = 193)

Child age in years 7.59 (2.49) 7.54 (2.57) 7.57 

(2.50)

[4.00–12.99] [4.10–13.00] [4.00–

13.00]

SES: income deprivation af-

fecting children index (IDACI) 

rank of home postcode

15143 

(8556)

18830 

(9083)

16114 

(8824)

[222– 

31,693]

[762– 

32,042]

[222– 

32,042]

n = 137 n = 49 n = 186

Parent Education (%)

 Secondary 28.37 23.08 26.94

 Undergraduate 34.04 42.31 36.27

 Postgraduate 32.62 30.77 32.12

 NA 4.96 3.85 4.66

Parent Work (%)

 Full Time 23.40 30.77 25.39

 Part Time 42.55 28.85 38.86

 Not working 30.50 38.46 32.64

 NA 3.55 1.92 3.11

Ethnicity (%)

 White 68.09 65.38 67.36

 Asian or Asian British 12.06 11.54 11.92

 Mixed/Multiple Ethnic 

Groups

7.09 17.31 9.84

 Black, Black British, Caribbean 

or African

7.09 3.85 6.22

 Other 4.26 1.92 3.63

 NA 1.42 0.00 1.04

Parent reported primary 

diagnoses (%)

(Suspected diagnoses)

 Autism 82.27 

(90.07)

63.46 (78.85) 77.20 

(87.05)

 Intellectual disability 24.82 

(62.41)

30.77 (69.23) 26.42 

(64.25)

 Genetic condition 11.35 

(17.73)

25.00 (32.69) 15.03 

(21.76)

Educational setting (%)

 Specialist school 70.21 65.38 68.91

 Mainstream resource base 7.09 9.62 7.77

 Mainstream school 19.15 21.15 19.69

 Other 3.55 3.85 3.63

Monolingual background % 62.41 65.38 63.21

Most prevalent reported 

comorbidities %

 Challenges with eating 

(including pica)

30% 28% 32%

 ADHD 28% 28% 31%

 Challenges with sleep 26% 28% 29%

 Gastrointestinal problems 19% 23% 22%

 Anxiety 20% 12% 19%

n = 141 n = 52 n = 180

Note: For quantitative variables we report mean, (sd) and [range]. Reported 

primary diagnoses are not mutually exclusive. The IDACI is calculated by the 

Office of the Deputy Prime Minister and measures in a local area the proportion 

of children under the age of 16 that live in low-income households [40]
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This assessment session was administered in a flexible 

and child-led manor, ensuring that behavioural assent 

was given throughout by the child (n = 3 assessments did 

not start due to absence of behavioural assent). Given 

children’s diverse behavioural profiles and nonverbal 

communicative signatures, we did not have a definitive 

list of behavioural indicators of assent. We nonethe-

less employed a list of signs that the child did not assent 

including specific behaviours (crying, avoidance, non-

compliance, aggression), gestures and signs (signing 

for ‘finished’, pointing to the door) or use of technology 

(pressing ‘finish’ on a speech generating device). As well 

as remaining alert to these, we relied on the support of 

a trusted adult who knew the child well to interpret any 

unclear behaviours. Breaks and motivating activities were 

provided to prevent children from getting overwhelmed. 

The assessment was terminated if the child, caregiver(s), 

or staff member(s) expressed that they did not want to 

continue the assessment or if the child expressed signs of 

distress or discomfort. Assessment materials (including 

rewards and motivators) were discussed in advance with 

caregivers or teachers where possible.

Assessments were administered by one of two 

researchers, videotaped and subsequently annotated 

in ELAN [54] so that quantitative measures could be 

extracted. All measures derived from videotaped assess-

ments were coded by additional researchers following 

a scheme summarised in Appendix 4. All coders were 

provided with training and needed to meet a minimum 

80% reliability on a training data set before coding could 

proceed. Given the relatively large number of videos and 

the resources available, 10% were selected at random for 

Table 2 Overview of assessment measures used and variables derived

Assessment Measure Derived variable

Screener LVIS 4.0 [41] • Speech atypicalities (Q11-18)*

• Non-verbal/MV check box (Q30)

Bespoke demographic 

and inclusion criteria 

questionnaire

• Parent education

• Income Deprivation Affecting Children Index (IDACI) Rank (Socioeconomic Status)

• Child Age

• Child Gender

• Child Ethnicity

• Diagnostic information (diagnosed and suspected conditions)

• Languages spoken

In-person assessment Language sample (derived 

from CSBS [42]),

• Consonant inventory*

• Rate of intentional communication*

• Sophistication of communicative acts* (CCS [43]),

• Number of Different Words*

• Rate of communicative utterances*

Imitation tasks • Speech - Kaufman sounds: Kaufman Speech Praxis Test Part 2, sections A to D [44]*

• Oral motor - Kaufman Speech Praxis Test Part 1: Oral Movement Level, first 10 items [44]

• Motor - Motor imitation battery (MIS [45])

Receptive language task Score on bespoke task, where child had to select the correct picture from a choice of 2 

when the experimenter gave one of 12 words (by giving, pointing or tapping the image)*

Fine motor tasks • Coin posting (FM16)

• Tower building (FM17)

• Path tracing (FM23) (items from MSEL [46])

In-depth caregiver 

questionnaire

• Receptive and expressive vocabulary on first words Brief CDI [47, 48]*

• Language Use Inventory items: questions from LUI [49]*

• ASDQ autism symptoms [49]

 • Social communication subscale*

 • RRB subscale

 • Sensory subscale

• Receptive language competence* (PDDBI subscale [51])

• Motor skills (DCDQ [52]),

• Bespoke Parent questionnaire:

 • AAC use *

 • Educational support

 • Comorbidities

Adaptive skills PEDI-CAT [53] Four subdomains:

• Daily Living

• Social/Cognition

• Responsibility

• Mobility

Note: *measures intended for Hierarchical Clustering Analysis
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reliability coding. Inter-rater agreement was high (ICC 

0.88 to 0.96) and reported in Table 3.

Assessments requiring the child to follow instructions 

(i.e. imitation, receptive language and motor tasks) were 

omitted if the teacher or caregiver was certain that the 

experimenter would not be understood, the child would 

not follow any instructions, or the child may become 

confused or anxious if instructions were to be given. 

Under these circumstances scores were recorded at floor 

(this impacted 7% of fine motor assessments, 19% of 

receptive language assessments, 11% of motor imitation, 

31% of speech imitation and 32% of oral motor imitation 

tasks).

In-depth caregiver questionnaires

Following the in-person assessment, caregivers were 

sent links to online questionnaires comprising the 

bespoke elements and existing measures across a range 

of domains.

Participant exclusion

Following the assessments described above, coded video 

transcripts of each participant were examined to deter-

mine if any of the participants did not meet our crite-

ria for MV. We operationalised this as using more than 

75 unique words communicatively or more than 10 

unique multi-word phrases, so long as those utterances 

comprised multiple parts of speech (verbs, nouns, arti-

cles etc) and were used for multiple communicative pur-

poses (e.g. requesting, commenting). This description 

is intended to ensure that participants corresponded to 

those meeting criteria for Phase 1 (Preverbal) or 2 (First 

Words) but not Phase 3 (Word Combinations) of Tager-

Flusberg et al.’s Spoken Language Benchmarks [17]. This 

resulted in the exclusion of a further seven participants, 

resulting in the sample of 193 children (see Figure S1).

Analytic approach

Agglomerative hierarchical cluster analysis is a data 

driven approach that seeks to identify clusters of partici-

pants who share similar patterns of scoring across a range 

of measures. Variables used for cluster analysis pertained 

to speech sound production, communication, receptive 

or expressive spoken language, and are indicated with 

(*) in Table 2. These variables were z-scored (and trans-

formed if necessary to mitigate skewness) prior to anal-

ysis and reported in Table 3. Correlations are displayed 

in Table 4. Where participants had a missing value for 

any of these variables, they were excluded from analysis 

(n = 12).

The Gap statistic (factoextra R package [55]), was cal-

culated to establish how many clusters the data optimally 

supported. This method compares the within-cluster sum 

of squares for different numbers of clusters (k) to their 

Table 3 Communication variables descriptive statistics

Latent construct Variable N M Sd Range Trans-formation Reliability/

validity

Receptive Language Brief CDI receptive language 185 36.43 16.84 0–51 Squared

z-score

NA

Receptive language task 193 3.90 4.90 0–12 log(x + 1)

z-score

NA

Receptive language PDDBI 185 2.16 0.91 1–4 z-score Alpha = 0.90

Communicative competence LUI 185 38.20 14.60 7–70 z-score Alpha = 0.96

Rate of communicative acts 190 21.93 13.26 1.2–74.3 z-score ICC = 0.90

CCS 190 10.16 2.35 3–12 log(x + 1)

z-score

ICC = 0.96

ASDQ social communication subscale 184 3.70 0.67 1.52–4.95 Reversed z-score Alpha = 0.87

AAC user category* 185 0 = 55

1 = 40

2 = 90

NA

Expressive spoken language Brief CDI Expressive language 185 13.06 16.34 0–51 log(x + 1)

z-score

NA

Number of Different Words spoken 190 4.53 7.46 0–40 log(x + 1)

z-score

ICC = 0.91

Rate of communicative vocalisations** 190 12.83 13.32 0–66.0 Log(x + 1)

z-score

ICC = 0.92

Speech Production Consonant inventory 190 6.54 5.10 0–16 z-score ICC = 0.88

Kaufman speech imitation 193 3.49 6.46 O − 24 log(x + 1)

z-score

NA

LVIS speech atypicalities* 193 3.32 1.95 0–8 z-score Alpha = 0.65

M = mean; sd = standard deviation;* = excluded from final analysis and resulting z-scores; ** = excluded from composite variable since it was deemed not directly 

indicative of spoken words and correlated highly with communicative competence. For completeness we present Figure 3 with this variable included in the 

Expressive Spoken Language composite in Appendix 6
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expected values under a null reference distribution of the 

data. The optimal number of clusters corresponds to the 

smallest value of k for which the Gap statistic falls within 

one standard deviation away from the gap at k + 1 [56]. 

Agglomerative hierarchical cluster analysis with Euclid-

ean distance using Ward’s method [57] was carried out 

using hclust() function from the stats package in R [58]. 

The clustering data was visually presented on a dendro-

gram and cluster plot. The Dunn index and silhouette 

width metrics were reported.

K-means clustering [59] was used to conduct cross-

method validation once clusters had been identified, 

using the kmeans() function from the stats package in R 

[58]. Since k-means requires the number of clusters to be 

known, it could not be used to discover clusters, how-

ever k-means is a commonly used approach to partition 

data when the number of clusters is pre-determined. It 

employs an algorithm that begins by randomly select-

ing k data points as cluster ‘centers’ and then allocates 

remaining points each to a cluster, such that intra-cluster 

variation is minimised. Then centers (the mean of all data 

points in a cluster) are re-calculated and used to re-allo-

cate cluster membership iteratively until the process has 

stabilised. In addition to this pre-registered cross-valida-

tion approach, some additional cross-validation outputs 

are reported and a series of sensitivity analyses were run 

to provide further checks that the resulting clusters were 

robust (Appendix 5).

Finally, to evaluate the clustering in the context of other 

measured characteristics, we compared scores across the 

clusters for the following variables: gender, age, adaptive 

skills raw score, non-social autism symptoms and motor 

skills. As an exploratory analysis, comparisons were also 

drawn between clusters on binary variables for: diag-

nostic profile, parent-reported presence of echolalia and 

AAC use. Categorical variables were evaluated with a chi 

squared test, whereas continuous variables were evalu-

ated with a one-way ANOVA, or a nonparametric Krus-

kal–Wallis test if tests of normality were not met. Post 

hoc pairwise comparisons with Tukey adjustment (para-

metric) or Dunn test with Bonferroni adjustment (non-

parametric) were also reported.

Results
Descriptives

Descriptive statistics for the sample are displayed in 

Tables 3, 4 and 6. We indicate for each variable where 

transformations were undertaken. For measures derived 

from video-taped interactions, reliability coefficients are 

reported. For measures derived from a multi-item scale 

we report Cronbach’s alpha.

Table 4 Communication variables correlations
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Cluster analysis

Two adjustments were made to the pre-registered list 

of variables entered into the cluster analysis. Firstly, we 

had planned to sum the binary answers to 8 questions 

about speech atypicalities using the LVIS question-

naire. Data inspection indicated that these answers did 

not correlate uniformly with each other, and answers 

could reflect opposing features of speech atypicality (e.g. 

echolalia could be a positive indicator of engaging with 

spoken language whereas producing unusual or repeti-

tive sounds may reflect a less sophisticated vocal pro-

file). The Cronbach’s alpha of 0.65 supported a decision 

to exclude this variable. Secondly, we excluded the vari-

able ‘AAC use’ for two reasons. Firstly, although being an 

advanced AAC user indicates stronger communicative 

competence than being an emerging AAC user, being a 

non-user could either be due to weaker symbolic skills or 

stronger spoken language skills rendering AAC unneces-

sary. Secondly, we also determined that AAC access and 

training may be influenced by the child’s environment 

and not necessarily reflect their current communicative 

capacities.

All other variables were entered into the model as 

planned. After excluding participants with any missing 

data points (n = 12), speech and language variables for 

181 participants were entered into the model. The gap 

statistic suggested 6 clusters was optimal (GS = 0.480), 

resulting in the structure depicted in Fig. 1. The Dunn 

index and silhouette width metrics were 0.21 and 0.15 

respectively. 

Cross-method validation using kmeans methodol-

ogy resulted in a similar constellation of clusters (Fig. 2) 

with 72% of participants grouped into the same cluster 

via both methods. In a supplement to the pre-registered 

approach, we compared both sets of cluster allocations 

using the Fowlkes-Mallows Index [60]. This is a measure 

of the similarity between two clustering outputs, rang-

ing from 0 to 1, with a higher value indicating a greater 

similarity between the two sets of clusters. Using fmi() 

function from the dendextend package [61], we derived 

an index of 0.57 (with 0.17 expected under the null 

hypothesis). 

Cluster features are presented in Table 5. Silhouette 

widths suggest the most distinct clusters are C1, C3 and 

C4, with poorer separation between the remaining three 

clusters.

Figure 3 illustrates the ways in which clusters differed 

systematically on speech production, communication 

and language related variables. For these plots we have 

pooled the z-scores by the theorised latent construct 

from Table 3, however plots of individual measures indi-

cate a similar pattern (Appendix 7). ANOVA or Kruskal–

Wallis output and pairwise comparisons are depicted on 

each plot. As expected, the clusters differed strongly on 

Fig. 1 Dendrogram Depicting the Results of Agglomerative Hierarchical Cluster Analysis with Ward’s Method Cut into Six Clusters, Assigning Participants 

to Clusters Based on Communication Variables. The Higher the Fusion Between Two Branches, the Less Similar the Observations
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the clustering variables. Panel A indicates that communi-

cative competence scores vary significantly (C1 < C3, C4, 

D1, D2; C2 < C3, C4, D1, D2; C3 < C4, D2; D1 < C4, D2). 

Panel B indicates that receptive language skills vary sig-

nificantly (C1 < C2, C3, D1, D2; C2 < C3, D1, D2; D1 < C3, 

D2;). Panel C indicates that speech production varies sig-

nificantly (C1, C2 < C3, C4, D1, D2; C3 < C4; D1, D2 < C4). 

Panel D indicates that expressive spoken language varies 

significantly (C1, C2 < C3, C4, D1, D2; C3 < C4; D1 < C3, 

C4, D2; D2 < C3, C4).

As hypothesised, there are discrepant profiles (D1 and 

D2), as well as within cluster variation.

Results of cluster comparisons on additional variables 

are presented in Fig. 4, with descriptive statistics for 

those variables in Table 6.

Cluster comparison on non-communication variables

There was no significant difference between partici-

pants on age, parent-reported restricted and repetitive 

behaviours or sensory features of autism. In terms of 

adaptive skills, there were significant differences in raw 

scores between clusters in daily living and responsibil-

ity domains (for both domains Clusters C1 and C2 < C4, 

D2). There were no significant differences in the mobil-

ity domain. In the social/cognitive domain the pattern of 

significant differences mirrored that seen in the receptive 

Fig. 2 Cluster Plots Depicting Each Participant’s First Two Principal Components on X and Y Axes and Cluster Membership (Colour and Shape Ac-

cording to Legend). Panel A Depicts Clusters Derived from Agglomerative Hierarchical Cluster Analysis, Panel B Depicts Clusters Derived from K-means 

Methodology
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language and communicative composite variables, as 

would be expected (C1, C2 < C3, C4, D1, D2; C3 < C4, D2). 

We see cross-cluster differences in motor skills depend-

ing on the instrument used. Parent-reported motor skills 

on the DCDQ (like the PEDICAT mobility domain) did 

not reveal any significant differences across clusters. Fine 

motor test scores differed significantly (Clusters C3 and 

D2 < C4; Cluster C1 < C4, D1, D2; Cluster C2 < C4, D1). 

Motor imitation scores differed significantly (Clusters 

C1 and C2 < C4, D1, D2; Cluster C3 < C4, D1; Cluster 

D2 < C4). Oral motor imitation scores differed signifi-

cantly (Cluster C1, C2, C3 and D1 < C4). Finally, a chi 

square test of Gender distribution amongst the clusters 

was non-significant.

Exploratory analyses

Further to the pre-registered analyses, as illustrated in 

Fig. 5, we also explored the distribution of diagnoses of 

autism, intellectual disability and genetic conditions 

across the clusters, as well as parent endorsement of the 

presence of echolalia and use of AAC across multiple 

contexts.

The distribution of autism and intellectual disability 

diagnoses across clusters does not significantly differ, 

however there are significant differences in genetic con-

ditions. Descriptive plots suggest more members of Clus-

ter D2 (who have relatively high receptive language but 

lower speech sound production) have a genetic condi-

tion. Post hoc pairwise comparisons reached significance 

for Clusters C1, C2 and C4 vs. Cluster D2 on genetic con-

dition. Echolalia (by parent report) differs significantly 

across clusters and occurs most frequently in Clusters C3 

and C4 (all pairwise comparisons reached significance 

for these two clusters aside from with each other, as 

well as the comparisons Cluster C1, C2 vs. Cluster D2). 

All clusters contain some advanced AAC users (defined 

as using their AAC to communicate in more than one 

setting), but clusters differ significantly on this, with 

Clusters D1 and D2 comprising a higher proportion of 

advanced AAC users. This difference reaches significance 

when comparing Cluster D1 to Clusters C1, C3 and C4, 

and Cluster D2 to Clusters C1, C2, C3 and C4.

In summary, there are four concordant profiles where 

expressive and receptive skills are of a relatively similar 

level (C1, C2, C3, C4) and two discrepant profiles where 

receptive skills appear to be stronger relative to expres-

sive skills (D1, D2). Cluster C1 (n = 28) represents those 

with the lowest scores across all communication mea-

sures, and this group also has the lowest adaptive skills 

scores and scores low on motor imitation and fine motor 

variables. Cluster C4 (n = 28) represents those with the 

highest scores across all communication measures, and 

this group also scores highly on adaptive skills, motor 

imitation and fine motor skills. The majority of cluster 

members exhibit echolalia. Cluster C3 (n = 23) score in 

the mid-range of the sample on all communicative mea-

sures. They also exhibit more echolalia, but their adaptive 

scores and fine motor abilities are in the mid-high range. 

Cluster C2 (n = 46) represents those who score between 

C1 and C3. Cluster D1 (n = 19) presents with relatively 

high receptive language and communicative competence 

but weaker spoken language and speech sound produc-

tion skills, and mid-range fine motor skills. They are 

more likely to use AAC in multiple contexts and most 

resemble the discrepant profile (receptive > expressive 

skills). Cluster D2 (n = 37) resembles D1 but with slightly 

lower motor imitation and fine motor skills and a higher 

prevalence of genetic conditions.

Discussion
Six clusters emerged following a data-driven analysis 

of communicative profiles of school-age MV children. 

Robust cross-validation and sensitivity analyses sup-

ported the outcomes of the pre-registered analysis plan. 

Clusters were characterised by different degrees of abil-

ity in understanding and using spoken language, as well 

as other forms of communication. Three concordant 

clusters exhibited scores that were globally very low, low, 

mid-range or high. Two discrepant clusters were also 

identified with the hypothesised discrepant profile of 

more advanced social and symbolic ability paired with 

lower than expected vocal and speech sound production 

skills. Comparing clusters on a range of additional vari-

ables revealed patterns of difference and similarity that 

are worthy of discussion.

Concordant profiles (C1, C2, C3, C4)

Clusters C1, C2, C3 and C4 corresponded to participants 

with globally very low, low, mid and high communication 

Table 5 Cluster descriptions

Cluster n Average 

silhouette 

width

Description of speech, lan-

guage and communication 

profile

C1 28 0.28 Very low all: Lowest in all domains 

(CC, RL, SP and ESL) ESL is com-

mensurate with other skills

C2 46 0.11 Low all: low scores in all domains, 

higher than C1 particularly on CC

C3 23 0.27 Mid all: Medium scores in all do-

mains, ESL is a relative strength

C4 28 0.30 High all: Highest scores in all do-

mains, ESL is a relative strength

D1 19 0.09 Discrepant 1: mid scores on CC, 

high scores on RL, low-mid on SP 

and low on ESL

D2 37 −0.04 Discrepant 2: high on CC and RL, 

low-mid on SP and mid on ESL

Note: RL = Receptive Language, CC = Communicative Competence, 

ESL = Expressive Spoken Language, SP = Speech Production
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scores. In contrast to Pizzano et al. [37] our ‘global very 

low’ group represented a far smaller proportion of par-

ticipants, which could reflect sampling differences (nota-

bly the younger age and stricter definition of MV in their 

sample) or the different measures used to derive the clus-

ters (we only used communication variables). Including 

children who may be best described as ‘low verbal or 

infrequently verbal’ in our cohort allows us to explore 

Fig. 3 Z-Scores of composite variables for each cluster. Note: In Panels A to D * = p < 0.05; ** = p < 0.01; *** = p < 0.001
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the borderlands of the MV group: it is possible that some 

members of Cluster C4 would not meet other stricter 

definitions of MV.

Although we have labelled them concordant profiles, 

we can see that expressive skills are in line with or above 

receptive skills for C3 and C4. Prior research examining 

language profiles in autism has explored anecdotal obser-

vations that some autistic children present with greater 

expressive than receptive skills (“expressive dominant 

profile”). Findings have been mixed for the prevalence 

Fig. 4 Cross cluster comparison on non-clustering variables (confirmatory analyses). Note: In panels A to K * = p < 0.05; ** = p < 0.01; *** = p < 0.001
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of this profile and its relationship with child age, autism 

severity and non-verbal cognition. Most studies identi-

fying expressive-dominant profiles have involved pre-

school-age children [62–66]. Kover and colleagues [67] 

did not find that the expressive dominant profile was 

more prevalent in autistic vs. neurotypical 4–11-year-

olds and found that the receptive language lag in the 

autism group was mainly explained by non-verbal cog-

nition. A meta-analysis by Kwok and colleagues [68] did 

not find evidence that this profile was common enough to 

Fig. 4 (continued)
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act as a clinical indicator for autism. Chen and colleagues 

[27] investigated receptive-expressive discrepancies in a 

large minimally verbal sample of autistic 5–18 year olds 

(n = 1,579) using standardised scores. One quarter of the 

sample demonstrated the discrepant receptive > expres-

sive profile, whereas only one participant (0.08%) dem-

onstrated a significant expressive dominance. This 

underscores the need to explore language profiles in 

older minimally verbal samples, as they may differ sub-

stantially from findings drawn from diverse younger pre-

verbal groups.

Discrepant profiles (D1, D2)

Two clusters of children had a discrepant profile with 

relative strengths in receptive and symbolic skills (the 

receptive > expressive profile seen in Clusters D1 and D2). 

This confirms our hypothesis formed on the basis of prior 

research with smaller samples and/or alternative analytic 

approaches [25–28]. This finding contributes further 

evidence suggesting that amongst minimally verbal indi-

viduals with NDCs there is a subgroup who have an addi-

tional speech-related barrier to expressive language. This 

could be due to comorbid apraxia [29, 30] or an inability 

to tune into and reproduce speech sounds in their envi-

ronment [69].

Whether this pattern represents vocal immaturity (dif-

ficulty producing speech sounds) or a motor planning 

barrier to spoken communication, identifying these chil-

dren and providing support at the earliest stage is imper-

ative. Firstly, we advocate a more flexible and pragmatic 

approach to identifying speech-specific difficulties in 

those with NDCs, given that formal differential diagno-

sis of a comorbid Speech Sound Disorder in MV children 

is highly challenging [30, 70–72]. Existing diagnostic 

protocols may be inaccessible to those with co-occur-

ring NDCs. Development of alternative checklist-based 

approaches to improve identification of individual 

strengths and challenges in MV populations may lead to 

earlier signposting to specific supports. Secondly, once 

speech-specific difficulties are identified, existing inter-

vention approaches may not be appropriate or accessible 

to MV children with co-occurring NDCs. Development 

of adapted and neuro-affirming speech sound interven-

tions that are individualised for those with co-occurring 

NDCs such as intellectual disability or autism is likely 

warranted [73, 74]. These findings also underline the 

need to ensure timely and tailored support in accessing 

Alternative and Augmentative Communication forms to 

harness emerging symbolic, social or receptive skills at 

the optimal point in development.

Cluster separation

Clusters C1, C3 and C4, representing ‘very low’, ‘mid’ and 

‘high’ global scores, had the largest silhouette widths, 

indicating they were the three clusters most cleanly sepa-

rated from the others. The remaining clusters C2, D1 and 

D2 demonstrated weaker separation, indicating greater 

similarities amongst participants. Future replications will 

be necessary to determine whether these three clusters 

can be reliably delineated in other similar samples.

Cross-cluster differences

Many studies have identified autism severity as a pre-

dictor of expressive language ability and a recent review 

examining predictors of the transition to phrase speech 

also found this consistent pattern [75]. In the current 

study, however, there was little evidence of an association 

between non-social autism features and communication 

ability, a finding mirrored by others [76]. This could sug-

gest that previous findings were driven by the influence 

of social-communication autism features on language, or 

that broader sampling composition influenced associative 

patterns (in a sample with more diverse language ability 

and autism presentation, an association could be there 

but, when only focussing on the tail of both distributions, 

it is not present). Furthermore, we have measured autism 

features using the ASDQ [50], a relatively new parent-

report tool with limited psychometric validation [77] (cf. 

severity levels determined through ADOS assessment), 

which could also account for the different findings.

In comparing clusters on adaptive skills for domains of 

daily living and responsibility, the pattern of difference 

Table 6 Descriptive characteristics of non-communicative variables

Variable N Mean Sd Range Trans-formation Reliability

ASDQ Restricted and Repetitive Behaviours 181 3.32 1.01 1–5 NA Alpha = 0.83

ASDQ sensory features 181 3.73 0.78 1.6–5.0 NA Alpha = 0.82

PEDI-CAT Raw Score Daily Living 165 49.52 3.91 28.85–62.01 NA NA

PEDI-CAT Raw Score Social/Cognitive 169 55.23 4.34 42.55–65.35 NA NA

PEDI-CAT Raw Score Responsibility 176 34.13 5.80 22.85–51.23 NA NA

PEDI-CAT Raw Score Mobility 168 63.58 3.94  44.78 –73.79 NA NA

DCDQ (parent reported motor skills) 179 1.79 0.65 1.0–3.9 NA Alpha = 0.90

Motor imitation assessment 181 4.67 5.48 0–15 Log(x + 1)

transform

NA

Fine motor assessment 181 9.26 6.77 0 - 24 NA NA
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mirrored that of overall communication ability in that 

cluster C1 and C2 had significantly lower adaptive scores 

and were the two clusters with the lowest overall com-

munication ability. However, between Clusters D1 and 

D2, with low expressive output, and cluster C4 with the 

highest expressive output, there were no significant dif-

ferences in these domains, suggesting adaptive skills are 

more strongly associated with receptive than expressive 

language. Previous studies have shown mixed results in 

the relationship between non-verbal cognition/adaptive 

Fig. 5 Cross cluster comparison on non-clustering variables (exploratory analyses)
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skills and transition to phrase speech [75] despite the 

wider literature indicating a positive relationship between 

cognition and expressive language in autism [78–80].

Clusters did not significantly differ on age, suggesting 

that age is not influencing group membership. The sparse 

literature on older MV children suggests that transitions 

out of the MV category to phrase speech or verbal flu-

ency do occur but at lower rates as age increases [75, 81] 

with greater movement between subgroups in younger 

samples [82]. We plan to examine cluster stability over 

time with follow-up waves of data collection.

Motor imitation, oral motor imitation and fine motor 

skills did differ across clusters, with children in Cluster 

C4 scoring the highest on all three measures. Fine motor 

and motor imitation scores patterned in a similar way to 

those of receptive language, with Clusters C4, D1 and 

D2 demonstrating higher scores. Other studies have also 

revealed associations between motor skill, imitation and 

both expressive and receptive language in atypical devel-

opment [83–88]. Pecukonis et al. [89] examined concur-

rent predictors of expressive language in MV participants 

aged 5–19 (n = 37) and imitation skills emerged as the 

only significant predictor. Future studies should exam-

ine correlations between these distinct motor tasks and 

expressive and receptive trajectories in this cohort.

The gender distribution of our sample overall was 3:1 

(male:female). Previous studies have found the higher 

prevalence of autistic males to decrease as sample IQ 

decreases [90], yet our sample retains the male bias. To 

our knowledge, no studies have examined an overall or 

cluster-based ratio of gender differences within MV par-

ticipants. Although the overall group difference was not 

significant, the elevated proportion of female members 

in cluster D2 may relate directly to the exploratory find-

ing that more participants had a genetic condition in that 

cluster.

Our exploratory analysis on diagnostic profile must 

be viewed in the context of how the data were gathered. 

For practical reasons, we could not screen participants 

systematically for all three reported conditions (autism, 

Intellectual Disability (ID), genetic syndrome), so relied 

on parent-reported diagnoses. Community diagnostic 

assignment incorporates multiple arbitrary elements: 

genetic screening pathways following autism diagnoses 

vary by clinic, and diagnostic over-shadowing can occur 

(e.g. diagnosis of ID not given due to pre-existing autism 

diagnosis, or autism traits not formally assessed due to 

pre-existing genetic diagnosis). The higher prevalence 

of genetic conditions in Cluster D2 could indicate that 

where the receptive > expressive gap is observed, further 

genetic testing could be warranted. Some genetic condi-

tions are linked with congenital orofacial anomalies that 

may directly impact articulatory processes [22], which 

may also partially explain differences in expressive vs. 

receptive skills in Cluster D2.

Although we designed the recruitment process and 

inclusion criteria to ensure that the sample would be 

transdiagnostic and include all MV children with a devel-

opmental condition, most participants (77%) had an 

autism diagnosis, rising to 87% when suspected diagnoses 

were taken into account. Proportion of autism diagno-

ses did not significantly vary by cluster and nor did lev-

els of non-social autism features. Each cluster contained 

autistic and non-autistic (or undiagnosed) children, sug-

gesting similarities between participants with different 

diagnostic profiles within each cluster. We believe this 

point has relevance for clinical pathways where the pres-

ence or absence of an autism diagnosis may impact the 

therapeutic approach taken. Future studies should inves-

tigate if diagnostic patterns can be replicated and explore 

how many of the 1 in 4 participants without an autism 

diagnosis would meet clinical thresholds for autism if 

tested systematically.

A significantly higher proportion of those in clusters 

C3 and C4 exhibited echolalia, which is the immedi-

ate or delayed repetition of heard speech. Echolalia is 

thought to serve multiple functions (e.g. communicative, 

self-regulatory, organising) and may be a useful bridge 

to generative language, although evidence is lacking for 

specific approaches to harness it [91, 92]. In our sample 

this cluster-based difference may reflect higher speech 

production abilities, as it occurs in the two clusters with 

the highest speech production scores. It does not pat-

tern with poor receptive language (as would be the case if 

echolalia reflected children ‘parroting’ language without 

understanding). The simple absence/presence measure of 

echolalia cannot tell us about the frequency or purpose 

of echolalia in the sample - such questions would need 

to be addressed through natural language sampling or 

more detailed questionnaires. Maes and colleagues [93] 

performed this type of comparison and found signifi-

cantly higher rates of echolalia in MV compared to ver-

bally fluent participants aged 6–21 years, underscoring 

the importance of further understanding this feature in 

MV children. Their sample also contained some children 

who did not produce any spontaneous or echoed speech 

and they found a wide range of rates of echoed speech 

in those MV individuals who used it. Our results further 

demonstrate that not all MV children echo and absence 

of echolalia in this group could be a practically useful flag 

for persistent spoken language challenges.

Looking at which clusters comprised more sophis-

ticated AAC-users reveals a clear pattern and sug-

gests those with a discrepant receptive > expressive 

profile in Clusters D1 and D2 are able to engage with 

symbolic forms of communication, whilst not gaining 

speech sound production or spoken language skills at a 
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commensurate pace. For children in these clusters, early 

and sustained support with alternative forms of com-

munication is particularly vital. Further research is war-

ranted to understand the causal pathways underpinning 

this profile, and to investigate whether speech-specific 

interventions could also build on this foothold of sym-

bolic and social understanding to facilitate access to 

spoken language alongside alternative communication 

forms.

Limitations

A limitation of the current study is that it cannot tell us 

about the stability of subgroups over time or the relation-

ship between cluster membership and later functional 

outcomes, however future waves of follow up are planned 

to address these questions. Additionally, there was no 

clinical assessment of diagnoses in the sample, so we 

must rely on unverified parent-reported diagnoses. We 

also used non-normed measures (e.g., a bespoke recep-

tive language task) and had to estimate scores at floor for 

7–32% of participants on tasks with instructional compo-

nents. However these adaptations helped maximise par-

ticipation across the spectrum of ability and behavioural 

complexity.

Conclusion
This study describes a large, representative and ecologi-

cally valid sample, incorporating naturalistically derived 

quantitative variables and parent-report measures. Cog-

nitive, genetic or other medical comorbidities are often 

exclusionary criteria for autism research, resulting in 

findings which may not generalise to clinical groups or 

special education classrooms. A further strength is the 

rigorous, pre-registered approach to analysis.

This study carried out a data-driven clustering based 

on the communicative features of MV children with neu-

rodevelopmental conditions. The resulting clusters indi-

cate meaningful groupings within a broad ‘MV’ umbrella. 

In particular, there is clear evidence for the existence of 

discrepant profiles whereby some children have relative 

strengths in comprehension and weakness in speech 

sound production, suggesting a motor barrier that needs 

to be identified in order for therapy and adaptations to 

make the most of the strong potential for linguistic com-

munication in these clusters. Timely access to speech 

sound specific evaluation as well as augmentative and 

alternative forms of communication that best matches 

strengths and difficulties is recommended. Indeed, better 

understanding heterogeneity within and at the border-

lands of this population is crucial for development and 

evaluation of individualised supports, else intervention 

studies with an undetermined mix of MV profiles may 

not be informative [22]. Finally, this study spotlights the 

necessity of trait- rather than diagnosis-led approach to 

research, underlining that individual strengths and chal-

lenges, rather than primary diagnosis alone, should guide 

communication intervention goals and methods. Our 

study also highlights the importance of motor skills in 

atypical language development and suggests the presence 

of echolalia could be a potential positive indicator for 

spoken language emergence to explore further.
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