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A B  S T  R  A  C  T  

Purpose: The purpose of this scoping review was to (a) summarize methodo-
logical characteristics of studies examining vocal characteristics of infants at 
high risk for neurological speech motor involvement and (b) report the state of 
the high-quality evidence on vocal characteristic trends of infants diagnosed or 
at high risk for cerebral palsy (CP). 
Method: The PRISMA (Preferred Reporting Items of Systematic Reviews and 
Meta-Analyses) extension for scoping reviews was followed for reporting our 
review. Studies measured prelinguistic vocal characteristics of infants under 
24 months with birth risk or genetic conditions known to commonly present 
with speech motor involvement. Fifty-five studies met criteria for Part 1. Eleven 
studies met criteria for synthesis in Part 2. 
Results: A smaller percentage of studies examined infants with or at risk for CP 
compared to studies examining genetic conditions such as Down syndrome. 
The median year of publication was 1999, with a median sample size of nine 
participants. Most studies were conducted in laboratory settings and used 
human coding of vocalizations produced during caregiver–child interactions. 
Substantial methodological differences were noted across all studies. A small 
number of high-quality studies of infants with or at risk for CP revealed high 
rates of marginal babbling, low rates of canonical babbling, and limited conso-
nant diversity under 24 months. Mixed findings were noted across studies of 
general birth risk factors. 
Conclusions: There is limited evidence available to support the early detection 
of speech motor involvement. Large methodological differences currently impact 
the ability to synthesize findings across studies. There is a critical need to con-
duct longitudinal research with larger sample sizes and advanced, modern tech-
nologies to detect vocal precursors of speech impairment to support the accu-
rate diagnosis and prognosis of speech development in infants with CP and 
other clinical populations. 
Infants at risk for cerebral palsy (CP) are also at 
high risk for speech motor disorders such as pediatric dys-
arthria, a condition characterized by imprecise articula-
tion, slow rate, reduced intelligibility, speech sound distor-
tions, as well as involvement of respiratory, phonatory, 
and resonatory subsystems for speech production (Allison 
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& Hustad, 2018; McCauley & Strand, 2008; Mei et al., 
2020; Odding et al., 2006). Neurological substrates of 
speech motor function impacted at birth are known to 
affect control over the oral motor system even when other 
cognitive and language processes are unaffected, which 
can have long-term implications for communicative func-
tioning and participation across contexts (Haas et al., 
2021; Schölderle et al., 2021). The early and accurate pre-
diction of functional speech outcomes in children with CP 
remains a major challenge for speech-language patholo-
gists because of the overlapping characteristics of speech 
motor impairment and typical development, alongside the
•ovember 2023 Copyright © 2023 American Speech-Language-Hearing Association
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adaptive plasticity of networks following neurological 
impact to the brain affecting developmental progress 
throughout infancy (Allison & Hustad, 2018; Haas et al., 
2021; Johnston et al., 2009). 

Recent research aiming to predict the level of speech 
motor involvement (i.e., restricted speech functioning 
across varying degrees of speech motor precision, stability, 
and control) in children with CP at the youngest possible 
age is promising. Specifically, speech intelligibility of chil-
dren with CP at 2 years of age is highly predictive of their 
speech intelligibility at 8 years of age (Hustad et al., 2019, 
2020; Mahr et al., 2020). Validated assessment tools such 
as the Profile of Childhood Apraxia of Speech and Dysar-
thria (Iuzzini-Seigel et al., 2022) and the Bogenhausen 
Dysarthria Scales–Childhood Dysarthria (Haas et al., 
2020; Schölderle et al., 2020) were developed to character-
ize auditory-perceptual features of speech subsystem 
involvement for the differential diagnosis of pediatric 
speech motor disorders, yet these measures can only be 
used for children who are able to produce words. Children 
with CP are especially vulnerable to delays in speech refer-
rals because of the clinical prioritization of gross and fine 
motor needs and greater number of targeted interventions 
to support these areas of development in children with CP 
under 2 years (C. Morgan et al., 2021). Consequently, early 
speech development in children with CP is often managed 
with a “wait-and-see” approach (McIntyre et al., 2011; 
Shevell et al., 2001; A. L. Smith & Hustad, 2015). Early 
and accurate detection of speech motor involvement before 
speaking ages could have an important impact on treat-
ment and on long-term outcomes for children with CP. 

A small body of evidence has emerged aiming to 
detect vocal precursors of speech motor involvement in 
infants under 24 months at risk for CP and other neurodeve-
lopmental conditions. In a seminal paper on this topic, Levin 
(1999) observed low rates of canonical babbling (i.e., adult-
like consonant–vowel syllables with rapid formant transitions) 
and monosyllabic consonant production in infants with CP at 
12 months. Other recent studies have confirmed that compar-
ing rates of infant canonical babbling can accurately differen-
tiate children with neurodevelopmental disabilities (including 
CP) from typically developing children under 24 months of 
age (Lohmander et al., 2017; Nyman & Lohmander, 2018). 
Parent-reported onset ages of infant vocal milestones can also 
be highly predictive of speech outcomes across a range of 
children at risk for neurodevelopmental disabilities and speech 
motor involvement, particularly CP and Down syndrome 
(Locatelli et al., 2021; Lynch, Oller, Steffens, Levine, et al., 
1995; Otapowicz et al., 2005). 

Through this work, we have noted rising attention 
to the study of vocal characteristics of infants at risk for 
speech motor involvement. However, the state of the 
Long
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collective evidence is unknown because these studies have 
not been systematically reviewed. During a preliminary 
search of studies on this topic, we found a larger, longer-
standing body of work examining vocal characteristics of 
infants with Down syndrome, a condition in which over 
95% of children present with speech motor involvement 
(Wilson et al., 2019). Several other studies examined vocal 
characteristics of a broader group of children with “neuro-
developmental disabilities” including CP, which suggests a 
broader scope of study for mixed clinical groups of chil-
dren with complex communication needs (Lohmander 
et al., 2017; Nyman & Lohmander, 2018). For these rea-
sons, we set out to first review the methodological prac-
tices in a larger scope of studies across a broad range of 
clinical conditions at risk for speech motor involvement to 
understand the range of approaches used to study early 
vocal development in infants. This was necessary because 
prior reviews of other clinical populations (i.e., hearing 
loss, language differences, autism), typically developing 
infants, and infants across cultures have reported large 
methodological variability across studies (Bryant, 2022; 
Lang et al., 2019; McDaniel & Gifford, 2020; L. Morgan 
& Wren, 2018; Yankowitz et al., 2019). 

In the present review, our primary interest was 
infants with CP. However, because CP is often not diag-
nosed in infants until 12–24 months in the United States 
(Novak et al., 2017; te Velde et al., 2019), we sought to 
summarize the research methodologies used to study vocal 
precursors to speech motor involvement. We then sought 
to evaluate the quality of the evidence that specifically 
addressed the narrower scope of infants diagnosed with 
CP. To meet this aim, our goals were twofold and sepa-
rated into Parts 1 and 2, hereafter. 

In Part 1, our first goal was to describe the broader 
populations of infants at risk for speech motor impairment 
and characterize research methods used to study vocal 
characteristics in infants at risk for speech motor involve-
ment, including genetic and chromosomal conditions and 
birth risk conditions. We predicted that there would be a 
very small body of literature examining infants with CP. 
However, we expected to find a much larger body of litera-
ture in genetic and birth risk conditions that commonly 
present with speech motor involvement (i.e., Down syn-
drome) because these populations can be more easily identi-
fied and enrolled in research from birth. This larger scope 
allowed us to broadly synthesize the methodological land-
scape of the study of vocal precursors to speech motor 
involvement and identify methodological trends that may 
be applied to the study of vocal characteristics in CP. 

In Part 2, our goal was to narrow our scope to the 
study of CP. Specifically, we sought to critically appraise 
and synthesize findings from high-quality studies identified
et al.: Infant Vocalization & Speech Motor Scoping Review 4433
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in Part 1 that examined infants diagnosed and at risk for 
CP to determine whether trends in delayed or unexpected 
vocal characteristics are evident compared to typically 
developing expectations across prelinguistic stages of 
development. 

Key Questions 

Part 1 

1. What clinical populations known to present with neu-
rodevelopmental speech motor involvement at later ages 
have been studied with respect to their early infant vocal 
characteristics? 

2. What research methods have been used to study vocal 
characteristics across these populations? 

Part 2 

3. What is the state of the high-quality evidence on vocal 
characteristics of infants diagnosed or at risk for CP and 
speech motor involvement? 
Part 1: Populations and Method 

The PRISMA (Preferred Reporting Items of Systematic 
Reviews and Meta-Analyses) extension for scoping reviews 
was followed for reporting our review (Tricco et al., 2018). 
This method provided a systematic approach to identify stud-
ies examining vocal characteristics of infants at high risk for 
speech motor involvement (Part 1) and to synthesize findings 
across studies of infants diagnosed or at risk for CP (Part 2). 

Method 

Literature Search 
The review team collaborated with a research librarian 

(second author) to develop and execute a comprehensive 
• •

Table 1. Eligibility criteria for Part 1. 

Variables Inclusion criteria

Populations Cerebral palsy, genetic and chromosomal 
preterm birth, and other studied develo
conditions associated with pediatric spe
involvement and disorders 

Vocalization variable terms Vocal development, articulation developm
babbling, cooing, expansion stage, jarg
prelinguistic, preverbal, prespeech 

Age range Prospective studies of human infants < 2
of age; retrospective studies of vocal b
occurring < 24 months 

Note. Full search terms across databases are presented in Appendix A. 

4434 Journal of Speech, Language, and Hearing Research Vol. 66
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search of the literature. This search combined controlled 
vocabulary and title–abstract terms on the evaluation of 
infant vocal characteristics across broadly defined genetic 
and risk-based clinical populations commonly diagnosed 
with speech disorders. The following databases were 
searched from database inception through November 24, 
2021: CINAHL Plus With Full-Text (EBSCO), Scopus 
(Elsevier), the Cochrane Central Register of Controlled 
Trials (Wiley), and Web of Science (Clarivate). On May 
12, 2022, a revised search was conducted from database 
inception to include additional risk factors for CP. An 
age filter was applied to focus on infants younger than 
2 years of age. No other publication type, language, or 
date filters were applied. Results were downloaded to a 
citation management software (EndNote) and underwent 
manual deduplication by the second author. Unique 
records were uploaded to the Covidence screening plat-
form (Covidence Systematic Review Software, 2021) for 
independent review by the project team members. Title– 
abstract and full-text screening was conducted by the 
first author and two research assistants (RA1 and RA2) 
using this program using predetermined eligibility criteria 
described below. 

Eligibility Criteria 
Our primary eligibility criteria required that studies 

evaluate prelinguistic vocal characteristics of infants 
under 24 months of age in a clinical population with a 
diagnosis, or high risk of a diagnosis, associated with 
neurological speech motor involvement. The full eligibil-
ity criteria are summarized in Table 1 and described 
hereafter. The full list of search terms is provided in 
Appendix A. 

Studies were eligible for inclusion if they character-
ized any aspect of infant vocalization as an independent 
or dependent variable, including canonical babbling ratios 
(CBRs), utterances per minute, or onset ages of vocal 
milestones. Our age criterion was initially set to include
•

Exclusion criteria 

conditions, 
pmental 
ech motor 

Conditions affecting language and social 
communication, not speech motor production 
(e.g., autism, fragile X syndrome, Rett syndrome), 
societal group comparisons (e.g., socioeconomic 
groups, poverty level), hearing loss, neurotypical 
development, and structural differences (e.g., 
craniofacial abnormalities, cleft palate) 

ent, 
on, 

Linguistic variables only (e.g., receptive/expressive 
language milestones, and linguistic measures of 
vocabulary, MLU, syntax, or pragmatics) 

4 months 
ehavior 

Only > 24 months of age 

MLU = mean length of utterance. 

4432–4460 November 2023
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studies examining infants under 24 months; however, our 
search yielded several retrospective studies examining ear-
lier vocal characteristics of older children with eligible 
clinical conditions. These studies were included if they 
reported prelinguistic vocal information at younger ages 
(e.g., caregiver-reported onset ages of vocal milestones in 
infancy). 

During the title–abstract and full-text screening 
phases, studies examining diagnostic groups with a high 
prevalence of speech motor involvement (e.g., Down 
syndrome and CP) were eligible for inclusion. Common 
risk conditions for CP (e.g., preterm birth [< 37 weeks 
gestational age], very low birth weight [VLBW; < 1,500 
g], brain lesions, hydrocephalus, failure to thrive, men-
ingitis) were also eligible because of prior work estab-
lishing significant associations with CP (Alieva & 
Gasanova, 2015; Soleimani et al., 2014). Several popu-
lations emerged that were captured in our search but 
were ambiguous as to the extent of speech motor 
involvement (e.g., Cri-du-Chat syndrome, spina bifida, 
and congenital galactosemia). In these cases, project 
team members conducted an independent online search 
of research reporting speech disorders in that popula-
tion through Google Scholar, PubMed Central, and 
information reported on that population listed on 
CDC.gov. If prior research indicated a presence of 
speech motor disorders in a specific population, that 
population was eligible for inclusion during the screen-
ing phases of our review. All final eligibility decisions 
were ultimately based on whether both screeners agreed 
that a study was eligible for inclusion across all rele-
vant factors (population, vocalization variables, and 
ages studied). This iterative inclusionary method is sup-
ported by guidelines previously indicated for explor-
atory scoping reviews wherein the volume of the scope 
of certain criteria (e.g., relevant populations) is the 
empirical question and thus cannot be wholly defined a 
priori (Munn et al., 2018; Peters et al., 2020). 
1 All n counts indicate the number of papers. 
2 The approximate mean length of recording is estimated from avail-
able data across studies; individual articles varied in reporting means, 
ranges, or exact length of recordings in minutes.
Reliability 
Reliability was conducted on 100% of the articles 

at both the title–abstract and full-text screening levels. 
The Covidence software (2021) automatically calculates 
Cohen’s kappa to measure the interrater reliability 
among pairs of coders. At the title–abstract screening 
level, the first author and RA1 (who each screened 96% 
of papers) had a Cohen’s kappa of .37 (fair agreement). 
The first author and RA2 (who each screened 4% of 
papers) had a Cohen’s kappa of .36 (fair agreement). At 
the full-text screening level, the first author and RA1 
(who each screened 100% of papers at this level) had a 
Cohen’s kappa of .75 (substantial agreement). The 
screeners met regularly to discuss ongoing discrepancies 
Long

Downloaded from: https://pubs.asha.org Michelle Altamura on 12/04/2024
to prevent coder drift. Disagreements were settled 
through final consensus decisions among the pairs of 
screeners. The full output of reliability statistics calcu-
lated through the Covidence software is reported in the 
Supplementary Material. 

Results 

The PRISMA flow diagram for the inclusion of 
studies across these criteria is indicated in Figure 1. The 
database search yielded 8,908 records. Fifty-five articles 
met full criteria for inclusion. Data extraction occurred in 
the Covidence software platform. 

Individual study characteristics are presented in 
Table 2. The median year of publication was 1999 (range: 
1972–2022), and the median sample size was nine partici-
pants (range: 1–3,052) across the 55 studies. 

Clinical Populations 
The most common clinical populations studied were 

Down syndrome (n = 25), preterm birth (n = 13), and CP 
(n = 10).1 The remaining studies examined vocal charac-
teristics of other genetic, chromosomal, or birth risk pop-
ulations. The average age ranges studied across groups 
were as follows: Down syndrome, 7–21 months; preterm 
birth, 6–16 months; CP, 11–26 months; other genetic/ 
chromosomal disorders, 9–25 months; and other birth 
risk factors, 8–23 months. The genetic and chromosomal 
conditions previously studied were unspecified chromo-
somal syndrome (n = 3), Angelman syndrome (n = 1),
sex chromosomal disorder (n = 1), Cri-du-Chat syndrome 
(n = 1), congenital galactosemia (n = 1), Prader-Willi 
syndrome (n = 1), and Smith-Magenis syndrome (n = 1).
Birth risk conditions previously studied were brain injury 
(n = 3), failure to thrive (n = 3),  VLBW  (n = 3 papers), 
hydrocephalus (n = 2), microcephaly (n = 2), macroce-
phaly (n = 1), neonatal meningitis (n = 1), and spina 
bifida (n = 1).  

Research Method 
The research methods used in each study are out-

lined in Table 3. Twenty-eight studies (51%) used a longi-
tudinal research design. Forty-eight (87%) studies used 
observational methods. Across all studies reporting an 
observational session, the approximate mean length of ses-
sion was 21 min (SD = 12.6).2 
et al.: Infant Vocalization & Speech Motor Scoping Review 4435
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Figure 1. Identification of studies via databases. 
Forty-one studies (75%) used human judgment 
coding of infant vocalizations to tabulate perceptual labo-
ratory calculations. Fifteen studies (27%) used caregiver-
reported measures to estimate vocal milestone attainment 
using prospective or retrospective questionnaires. Caregiver 
questionnaires included the Infant Monitor of Vocal 
Production (Moore & Colyvas, 2018), the Checklist for 
the Development of Early Vocalizations (Lyytinen et al., 
1996), and laboratory-developed checklists of infant 
behavior or questionnaires of developmental milestones. 
Six studies (11%) used acoustic instrumentation to quan-
tify vocal parameters; three of these studies measured 
vocal duration, and three studies measured other acoustic 
variables such as acoustic dispersion, second formant (F2) 
frequency, abnormal phonation, fundamental frequency, 
and intonation contour. One study (2%) reported subjec-
tive judgments of acoustic variables typically measured 
instrumentally, for example, amplitude (e.g., loud/quiet) 
and pitch variations. One study used automated language 
analysis from the LENA software to calculate child vocal-
ization counts. 

Across the studies using observational measurement 
procedures, 18 studies (33%) measured the frequency 
• •4436 Journal of Speech, Language, and Hearing Research Vol. 66
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of vocalizations produced in recordings. Sixteen (29%) 
measured the onset of specific prelinguistic vocal stages 
(e.g., canonical babbling). Fifteen studies (27%) calcu-
lated a ratio or proportion of vocalizations such as 
marginal babbling (slow consonant–vowel formant 
transitions) or canonical babbling (rapid, adultlike 
consonant–vowel transitions). Nine studies (16%) mea-
sured the rate of vocalizations (e.g., per minute, per 10-
min interval). 

With respect to the level at which vocalizations 
were studied, 33 studies (60%) quantified the well-
formedness of syllable types, including 26 studies on 
canonical babbling (47%). Ten (18%) studies reported 
consonant diversity (i.e., number of different conso-
nants). Six studies (11%) measured caregiver-reported 
information on vocal milestone emergence (e.g., esti-
mated age of canonical babbling onset, presence/absence 
of vocalization types). Twenty-five studies (45%) mea-
sured vocalizations at the utterance level, and 15 studies 
(27%) measured vocalizations at the syllable level. Six-
teen studies (29%) did not operationally define the level 
at which the terms “vocalizations” or “babbling” were 
segmented for measurement.
•4432–4460 November 2023
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(table continues)

Table 2. Populations and methods of studies examining vocal production of infants at risk for speech motor involvement (Part 1). 

Part 2 Paper 
Clinical populations 

(N) Age range Research design 
Research 
setting Sampling method Vocalization measures 

** Benassi et al. (2016) Preterm (20) 12 months 
(corrected) 

Cross-sectional analytic Laboratory Caregiver–infant 
interaction 

Mean rate per 10 min of 
vocalization and babbling 
utterances 

Berger & Cunningham 
(1983) 

Down syndrome (6) 6–24 weeks Longitudinal prospective 
cohort 

Home Caregiver–infant 
interaction, 
still-face 

Duration of vocal utterances 

* Bochner (1986) Down syndrome (3), 
hydrocephalus (1), 
spina bifida (1) 

2–17 months Longitudinal case series Hospital Environment recording Amount, pitch, and 
amplitude of 
vocalizations; number of 
different consonant types 

* Brown et al. (1986) Preterm with IVH (21), 
preterm without IVH 
(12) 

9–22 months 
(corrected) 

Cross-sectional analytic Laboratory Caregiver–infant 
interaction, treatment, 
standardized 
assessment 

Speech sound rating scale 
for speech age and 
speech quotient 

* Brown & Ruder (1995) Preterm (20) 4 and 7 months Longitudinal prospective 
cohort 

Home Caregiver–infant 
interaction 

Number of vocalizations 

Cobo-Lewis et al. 
(1996) 

Down syndrome (23) 0–120 weeks Longitudinal prospective 
cohort 

Laboratory Caregiver–infant and lab 
staff interaction 

Caregiver-reported onset of 
canonical babbling 

Dodd (1972) Down syndrome (10) 9–13 months Cross-sectional analytic Laboratory Infant alone Amount and duration of 
vowel and consonantal 
utterances 

* Eilers et al. (1993) Preterm (20) 0–60 weeks Longitudinal prospective 
cohort 

Home, 
laboratory, 
hospital 

Caregiver–infant and lab 
staff interaction 

Caregiver-reported onset of 
canonical babbling 

Fiani et al. (2021) Down syndrome (3) 4 months Single-subject ABAB Home Caregiver–infant 
interaction 

Rate of speech and 
nonspeech sounds 

* Gec (2007) “Pathology at birth” 
(hemorrhaging, 
hypoxia, or 
asphyxia) (30) 

6, 9, 12, and 
24 months 

Longitudinal prospective 
cohort 

Home, medical 
clinic 

Milestone questionnaire, 
standardized 
assessment, lab staff 
interaction 

Number of phonemes 

* Goggin et al. (1978) Fetal malnutrition (23) 1, 2, 4, 6, 9, 
12 months 

Longitudinal prospective 
cohort 

Laboratory Caregiver–infant 
interaction 

Amount of babbling 
behavior 

Gunn et al. (1979) Down syndrome (10) 4–19 months Single-subject ABAB Laboratory Caregiver–infant 
interaction, still-face 

Rate of vocalization 

* Hulme et al. (1989) CP (8) 1.5–2.8 years Single-subject AB Home Caregiver–infant 
interaction 

Number of vowels, 
consonants, and 
nonspeech sounds 

* Jennische & Sedin 
(1999) 

Preterm (284) 6.5 years Retrospective case– 
control 

Not stated Milestone questionnaire Caregiver report of absent 
baby babbling 

* Jensen et al. (1988) “Perinatal risk group” 
(9) 

6, 8, 11, 12, 
14 months 

Longitudinal prospective 
cohort 

Not stated Structured lab staff 
interaction 

Number of different consonants 
in reduplicated and 
nonreduplicated syllables
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Table 2. (Continued).

Part 2 Paper
Clinical populations

(N) Age range Research design
Research
setting Sampling method Vocalization measures

(table continues)

•
•

•

* Largo et al. (1986) Preterm (114), CP (21) 1, 3, 6, 9, 12, 18, 
24 months 

Longitudinal prospective 
cohort 

Home and 
laboratory 

Milestone questionnaire Caregiver report of stages of 
vocal and language 
development 

** Levin (1999) CP (8) 11–12 months Case series Home Caregiver–infant 
interaction 

Number of syllables and 
utterances, syllable type 
ratios, number of 
precursor vocalizations, 
percentage of syllables 
with a true consonant, 
number of vowel types, 
number of syllables per 
utterance 

Locatelli et al. (2021) Down syndrome (105) 3–17 years Retrospective survey Medical clinic Milestone questionnaire Caregiver report of babbling 
milestone age of 
acquisition 

** Lohmander et al. 
(2017) 

CP (4), chromosomal 
deletion syndrome 
(2) 

9–21 months Case series Laboratory Caregiver–infant 
interaction, milestone 
questionnaire 

Number of different 
consonants; ratio of 
canonical utterances 

Lynch, Oller, Steffens, 
& Buder (1995) 

Down syndrome (8) 2–12 months Longitudinal prospective 
cohort 

Laboratory Caregiver–infant and lab 
staff interaction 

Duration of syllables, 
utterances, and 
prelinguistic phrases 

Lynch, Oller, Steffens, 
Levine, et al. (1995) 

Down syndrome (13) 4–18 months Longitudinal prospective 
cohort 

Laboratory Caregiver–infant and lab 
staff interaction, 
milestone 
questionnaire 

Age of canonical babbling 
onset; proportion of 
sessions with CBR ≥ 0.15 

* Marchman et al. (1991) Brain injury (5) 11, 13, 
21 months 

Longitudinal prospective 
cohort 

Laboratory Caregiver–infant and lab 
staff interaction 

Number of vocalizations; 
number of syllables per 
utterance; percentage of 
consonant vocalizations 
by manner and place of 
articulation; proportion of 
vocalizations with true 
consonants 

** McCathren et al. (1999) Down syndrome (4), 
preterm (4), failure to 
thrive (3) 
macrocephaly (1), 
microcephaly (1), 
neonatal meningitis 
(1) 

17–34 months 
and 
12 months 
postvisit 

Longitudinal prospective 
case series 

School Structured lab staff 
interaction 

Rate of vocalizations and 
vocalizations with 
consonants per minute 

McConkey & Martin 
(1984) 

Down syndrome (10) 52–104 weeks Longitudinal prospective 
case series 

Home Caregiver–infant 
interaction 

Frequency count of 
vocalizations 

* Muñoz-Arbeláez et al. 
(2019) 

Preterm (8) 0–12 months Cross-sectional analytic Not stated Environment recording Acoustic dispersion of 
babbling signals
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Table 2. (Continued).

Part 2 Paper
Clinical populations

(N) Age range Research design
Research
setting Sampling method Vocalization measures

(table continues)

** Nyman & Lohmander 
(2018) 

Down syndrome (6), 
CP/suspected (6), 
chromosomal 
syndrome (2), brain 
malformation (1) 

12–22 months Cross-sectional analytic Medical clinic Caregiver–infant 
interaction 

Percentage of children with 
a CBR > 0.15; 
percentage of children 
with consonant 
vocalizations by manner 
and place of articulation 

** Nyman, 
Strömbergsson, 
Lindström, et al. 
(2021) 

Down syndrome (5), 
CP (4), 
chromosomal 
syndrome (2) 

12–22 months, 
5 years 

Longitudinal case series Laboratory Caregiver–infant 
interaction 

Number of different true 
consonants 

* Oller & Seibert (1988) Down syndrome (8), 
seizures (10), 
“multiple disabilities” 
(8), microcephaly (4), 
motoric disorder (2), 
failure to thrive (3), 
hydrocephalus (3) 

17–62 months Cross-sectional analytic Laboratory Caregiver–infant–lab 
staff interaction 

Ratio of canonical 
utterances 

* Oller et al. (1998) “At risk for 
developmental 
disorders” (1,536) 

10–22 months Cross-sectional analytic Laboratory, 
phone 
interview 

Milestone questionnaire, 
caregiver–infant 
interaction 

Rate of occurrence of late 
onset canonical babbling 

* Oller et al. (1999) “High-risk population” 
(3,053) 

10–12 months Cross-sectional analytic Laboratory, 
phone 
interview 

Caregiver–infant 
interaction 

Caregiver report of 
canonical babbling onset; 
proportion of infants with 
late onset canonical 
babbling 

Onnivello et al. (2021) Down syndrome (74) 4–18 months Incidence study without 
comparison 

Laboratory Standardized 
assessment 

Caregiver report of vocal 
milestone attainment 

* Otapowicz et al. (2005) CP (46) 3–16 years Retrospective survey Medical clinic Milestone questionnaire Caregiver report of cooing 
age of onset 

Pansy et al. (2019) Prader-Willi (1) 27 weeks Case study Hospital Lab staff interaction Proportion of five levels of 
vocal complexity using 
SAEVD-R 

Peter et al. (2020) Congenital 
galactosemia (5) 

2–24 months Randomized pilot trial Laboratory Intervention Mean babbling levels; mean 
syllable structure levels 

Poulson (1988) Down syndrome (3) 2.7–8.2 months Single-subject ABAB Laboratory Caregiver–infant 
interaction, 
intervention 

Rate of vocalizations per 
minute 

* Powell & Low (1983) Failure to thrive (21) 3–32 months Case series Hospital Environmental recording Observed lack of or 
decreased vocalization 

Romano et al. (2020) Down syndrome (19) 11–42 months Longitudinal case series Home Structured caregiver– 
infant interaction, 
intervention 

Rate of vocalizations per 
minute
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Table 2. (Continued).

Part 2 Paper
Clinical populations

(N) Age range Research design
Research
setting Sampling method Vocalization measures

(table continues)

•
•

•

* Ross (1985) Preterm (46) 12 months Cross-sectional analytic Laboratory Standardized 
assessment 

Questionnaire item on 
Bayley Mental Scales: 
“Jabbers expressively” 

Rothbart & Hanson 
(1983) 

Down syndrome (15) 6, 9, 12 months Longitudinal prospective 
cohort 

Home Milestone questionnaire Scaled score and range of 
Vocal Activity Scale of 
the Infant Behavior 
Questionnaire 

** Rvachew et al. (2005) Preterm with BPD (13), 
preterm without 
BPD (9) 

8, 12, 
18 months 

Longitudinal prospective 
cohort 

Hospital Caregiver–infant-lab staff 
interaction 

Mean number of syllables 
per utterance; canonical 
syllable ratios; proportion 
of syllables by syllable 
structure type; number of 
consonants in repertoire; 
standard deviation of 
second formant 
frequencies; abnormal 
phonation ratio; 
consonant–vowel syllable 
duration 

Semenzin et al. (2021) Angelman syndrome 
(10) 

11–53 months Cross-sectional analytic Home Environmental recording Proportion of segments with 
canonical syllables 

B. L. Smith & Oller 
(1981) 

Down syndrome (10) 0–9 months Longitudinal prospective 
cohort 

Laboratory Caregiver–infant 
interaction 

Caregiver-reported age of 
onset of reduplicated 
babbling; frequency of 
occurrence of 
consonants and vowels 

L. Smith (1987) Down syndrome (2) 12–23 months Longitudinal case study Home Caregiver–infant 
interaction 

Mean number of 
vocalizations per session 

B. L. Smith & Stoel-
Gammon (1996) 

Down syndrome (9) 6–25 months Longitudinal case series Laboratory Caregiver–infant and lab 
staff interaction 

Percentage occurrence of 
reduplicated and 
variegated utterances 

Sohner & Mitchell 
(1991) 

Cri-du-Chat (1) 8–26 months Case study Laboratory Caregiver–infant 
interaction 

Rate of noncry 
vocalizations; proportion 
of intonation contours; 
mean fundamental 
frequency; onset of 
multisyllable babbling 

Steffens et al. (1992) Down syndrome (13) 4–18 months Longitudinal case series Laboratory Caregiver–infant and lab 
staff interaction 

Mean quasivowel, full-vowel, 
marginal syllable, and 
canonical syllable ratios
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Table 2. (Continued).

Part 2 Paper
Clinical populations

(N) Age range Research design
Research
setting Sampling method Vocalization measures

** Stolt et al. (2012) VLBW (32) 0–24 months Longitudinal prospective 
cohort 

Home, hospital Milestone questionnaire Mean age of acquisition for 
quasivowels, cooing, 
variation, and babbling 

* Suttora & Salerni 
(2011) 

Preterm (16) 6–24 months 
(corrected) 

Longitudinal case series Laboratory Caregiver–infant 
interaction 

Mean babbling levels, 
frequency of vocal 
productions per minute 

Thiemann-Bourque 
et al. (2014) 

Down syndrome (9) 9–11 months; 
25– 
54 months 

Case series Home Environmental recording Child vocalization counts 

** Töröla et al. (2012) Preterm (18) 0–9 months Longitudinal prospective 
cohort 

Hospital Caregiver–infant–lab 
staff interaction 

Milestone attainment based 
on 0.20 criterion across 
three stages of vocal 
development; number of 
missing skills 

** Ward et al. (2022) CP (18) 6, 9, 12 months Longitudinal prospective 
cohort 

Home Milestone questionnaire Caregiver report of infant 
vocal complexity using 
Infant Monitor of Vocal 
Production 

Wolters et al. (2009) Smith-Magenis 
syndrome (11) 

5–34 months Longitudinal case series Laboratory Standardized 
assessment 

Descriptive behavior of 
occurrence of grunts, 
gurgles, squeals, and 
babbling 

Yoder et al. (2015) Down syndrome (35) 18–27 months Randomized clinical trial Laboratory Structured lab staff 
interaction, caregiver– 
infant interaction 

Ratio of canonical syllable 
communication 

Zampini et al. (2022) Sex chromosome 
trisomy (76) 

18 months Cross-sectional analytic Laboratory Caregiver–infant 
interaction 

Mean number of 
vocalizations and 
babbling 

** Zuccarini et al. (2018) Preterm (20) 6 and 
12 months 

Longitudinal prospective 
cohort 

Laboratory Caregiver–infant 
interaction 

Mean rate of vocal 
production per 10 min 

Note. IVH = intraventricular hemorrhage; ABAB = Baseline-Treatment-Baseline-Treatment; AB = Baseline-Treatment; CP = cerebral palsy; CBR = canonical babbling ratio; SAEVD-
R = Stark Assessment of Early Vocal Development–Revised; BPD = bronchopulmonary dysplasia; VLBW = very low birth weight. *Quality appraised in Part 2. **Judged as high qual-
ity in Part 2.
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Table 3. Research methods identified for Part 1. 

Method Variable 
Total 

N = 55 (%) 

Research setting Laboratory 29 (53) 

Home 16 (29) 

Hospital/medical clinic 11 (20) 

Caregiver interview 2 (4) 

School/day care 1 (2) 

Not stated 3 (5) 

Sampling method 

Unstructured observation Parent–infant interaction 20 (36) 

Parent–infant and lab staff interaction 9 (16) 

Lab staff–infant interaction 5 (9) 

Environmental recording 5 (9) 

Infant alone play 1 (2) 

Structured observation Caregiver questionnaire 15 (27) 

Standardized assessment 5 (9) 

Structured lab staff interaction 3 (5) 

Structured PI interaction 1 (2) 

Still-face paradigm 2 (4) 

Experimental Single-subject design 4 (7) 

Randomized pilot trial 1 (2) 

Randomized controlled trial 1 (2) 

Note. All percentages are calculated from the total number of studies (N = 55) included in Part 1. 
Reported counts do not sum to this total because many included more than one method or measure. Per-
centages do not sum to 100, and total counts do not sum to 55 because several studies involved more 
than one sampling method or setting. PI = parent-infant. 
Discussion 

Part 1 of our review synthesized the methodological 
landscape of a broad literature to understand the scope of 
research methods and measures used for the study of 
vocal characteristics in infants at risk for speech motor 
impairment. Specifically, we described the clinical popula-
tions and research methods used to study vocal character-
istics of infants at risk for speech motor involvement. 

We found a small percentage of studies (18%) 
explicitly examined infants based on a diagnosis or risk 
for CP. Almost half of the studies (45%) examined infants 
with Down syndrome, whereas the remaining studies 
examined other genetic conditions (16%), preterm infants 
(24%), and birth risk factors (20%) for CP. We expected 
to find a relatively small number of studies in CP because 
recruiting infants with CP in the first year of life is a com-
plex task given that the diagnosis of CP may not occur 
until after 2 years of age. The average age range of studies 
examining infants with CP (11–26 months) was the oldest 
overall age range calculated compared to the other clinical 
groups; all other groups included at least one study that 
examined infants from birth. Recent advancements in the 
early detection of CP indicate that a diagnosis can now be 
made as young as 6 months of age (Maitre et al., 2023; 
• •4442 Journal of Speech, Language, and Hearing Research Vol. 66
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Novak et al., 2017). Of note, the median year of publica-
tion for studies of infants with or at risk for CP was 2002. 
The substantial advancement in the potential for an earlier 
diagnosis of CP in the first year of life indicates a height-
ened prospect of future research in this area to recruit 
larger numbers of infants with a confirmed diagnosis of 
CP as young as 6 months. 

The small number of studies explicitly examining 
vocal characteristics of infant with CP and the large num-
ber of studies examining mixed groups of heterogeneous 
clinical populations limit our ability to draw specific con-
clusions about methodological trends. Furthermore, the 
median publication year of studies of Down syndrome 
was 1995, indicating an even older body (compared to the 
CP study median year of publication: 2002) of work that 
can be only minimally applied when considering the sharp 
rise in technological advancements since the new millen-
nium. Overall, we found large methodological differences 
across the 55 identified studies, a finding that parallels 
reviews of studies examining vocal characteristics in other 
populations (Lang et al., 2019; McDaniel & Gifford, 
2020; L. Morgan & Wren, 2018). However, several com-
monalities emerged with respect to the sampling locations, 
methods, and measurement procedures that have potential 
to be applied to the future study of CP, expanded below.
•4432–4460 November 2023
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Most studies (76%) identified in our review exam-
ined some form of mature consonant–vowel syllable pro-
duction, although the measures and variables varied sub-
stantially, including the quantification of CBRs, conso-
nant diversity, and parent-reported onset of canonical 
babbling. These findings highlight the longstanding atten-
tion to the development of canonical babbling as an indi-
cation of the command over the production of consonant– 
vowel syllable forms used in speech (Oller, 1978; Stark, 
1980). Two studies calculated a mean babbling level or 
syllable structure level to summarize the overall production 
of syllable types into a single score (Paul & Jennings, 1992; 
Stoel-Gammon, 1989), and one study used the Stark 
Assessment of Early Vocal Development–Revised (Nathani 
et al., 2006), a coding protocol used to map vocalization 
types to their approximate stage of development. These 
alternative measures of canonical babbling may provide a 
more holistic view of developmental progress than the com-
monly used CBR, a measure that solely reflects the propor-
tion of canonical syllables from all other noncanonical syl-
lables and requires an arbitrary criterion to indicate attain-
ment (C. C. Lee et al., 2018; Nyman, Strömbergsson, & 
Lohmander, 2021). Future studies should explore the utility 
of these alternative canonical babbling measures in longitu-
dinal studies of emergent vocal and early speech develop-
ment in infants with CP. 

Forty-one (75%) studies identified in our search 
involved human coding of infant vocalizations. Human 
coding has long been considered the gold standard method 
to study vocal developmental characteristics (C. C. Lee 
et al., 2018). This method is theoretically justified given 
the perceptual salience of vocal categories; however, it is 
time- and cost-intensive (Nathani & Oller, 2001; Oller 
et al., 2021; Ramsdell et al., 2012). Also, over half of the 
studies (53%) were conducted in contrived laboratory set-
tings where infant vocalizations are collected seminatura-
listically during unstructured caregiver interactions (73%). 
These sampling methods are in line with the technological 
capabilities available to researchers across studies with a 
median publication year of 1999. However, substantial 
advancements in our ability to analyze infant vocalizations 
at much larger scales have emerged since this time. 

Advancements in the development of smartphone 
technology and automated acoustic analysis software—such 
as the LENA recording software (Gilkerson & Richards, 
2008; Gilkerson, Richards, Warren, et al., 2017)—can now 
be used to conduct dense sampling of infant vocalizations 
using day-long home audio recordings for naturalistic data 
collection. Only two studies (4%) used the LENA analysis 
software; one extracted the automatic child vocalization 
counts of infants with Down syndrome (Thiemann-Bourque 
et al., 2014), and another extracted 5-min segments from 
LENA recordings for hand coding of canonical and 
Long
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linguistic utterances in children with Angelman syndrome 
(Semenzin et al., 2021). Research using automated analy-
sis software in language-based conditions has already indi-
cated its potential for detecting biomarkers of later com-
munication impairments in these populations (Oller et al., 
2010; Pokorny et al., 2016, 2017, 2022; Warren et al., 
2010). Reviews of that work reveal that automated detec-
tion methods can be just as accurate in detecting later 
impairment as hand-coding methods (Lang et al., 2019; 
Yankowitz et al., 2019). Additionally, only one study (2%) 
used smartphone recordings to analyze the acoustic disper-
sion of preterm infant babbling (Muñoz-Arbeláez et al., 
2019). Smartphone applications for recording infant motor 
behaviors have also been shown to be feasible and accept-
able to caregivers to track developmental progress (Kwong 
et al., 2019). Recently developed technology such as the 
Babbly application (Babbly.co, 2023) should be studied to 
support similar work in the vocal domain for these children. 

Our scoping review highlights the paucity of 
research using automated acoustic analyses to detect 
speech motor involvement in any population, including 
CP. Only 13% of studies in our review used any acoustic 
analyses to measure infant vocalizations, and none of 
these examined infants with CP. Prior studies of acoustic 
parameters of typically developing infants and young chil-
dren’s speech also have yet to be applied to the study of 
vocal characteristics across populations. For example, stud-
ies on this topic have examined the development of “articu-
latory signatures” of mature consonant–vowel syllables 
(Singh & Singh, 2008) and the use of visual reinforcements 
to increase syllabic utterances using computer and smart 
technology applications (Daffern et al., 2020; Fell et al., 
2003). This work has not been applied to the study of early 
vocal characteristics or intervention efforts aiming to 
enhance speech functioning. To this point, few studies used 
any experimental methods (just 11%), indicating a need to 
extend research efforts in building targeted interventions to 
support speech development in children with CP who use 
speech as their primary communication modality. 

Although few studies utilized advanced analysis 
techniques, a somewhat larger percentage (27%) examined 
the onset of vocal milestones using caregiver-reported 
methods across populations and vocal stages, either pro-
spectively (22%) or retrospectively (5%). Caregivers are 
known to be reliable reporters of their child’s developmen-
tal milestone attainment, including canonical babbling 
(Lyytinen et al., 1996; Miller et al., 2017; Oller et al., 
1998). Screening developmental milestones in clinical set-
tings is a time- and cost-effective method for medical pro-
viders to quickly gauge the need for referral to speech-
language specialists (Lipkin et al., 2020). Only one study in 
our review used a validated milestone questionnaire (Ward 
et al., 2022), notably in infants at risk for CP. All others
et al.: Infant Vocalization & Speech Motor Scoping Review 4443
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screened for vocal stage milestones using laboratory-
developed measures or compared parent-reported ages of 
onset to typically developing age expectations. There are sev-
eral other validated questionnaires that have not been 
applied to the study of vocal development in CP, such as 
the Ages & Stages Questionnaire (Squires & Bricker, 2009), 
the Vocal Development Landmarks Interview (Moeller 
et al., 2019), and the LENA Snapshot (Gilkerson, Richards, 
Greenwood, & Montgomery, 2017). Additional research is 
needed to compare these measures with hand-coded and/or 
automated detection software of acoustic parameters to 
examine their predictive validity for low-cost screening of 
speech motor involvement in CP and other populations. 

Overall, our findings reveal an aging evidence base 
that has limited utility for making informed clinical deci-
sions around the early diagnosis and prognosis of speech 
motor involvement in infants. Specifically, we found 55 
studies across all conditions at risk for speech motor 
involvement with a median publication year of 1999, a 
median sample size of only nine participants, and major 
methodological differences that do not yet fully capitalize 
on the advanced technologies available to researchers 
today. The logistics behind recruiting children with rela-
tively low-incidence conditions such as CP have histori-
cally limited researchers’ ability to recruit large sample 
sizes. Recent advancements in the early diagnosis of CP 
hold promise for future recruitment of infants with a con-
firmed diagnosis of CP as young as 6 months of age. Ulti-
mately, the study of infant vocalization is inherently com-
plex, especially in the vastly heterogeneous population of 
CP, one that commonly presents with other comorbidities 
and concurrent speech and language impairments (a point 
further discussed in the Limitations of Parts 1 and 2 section 
below). It warrants the need for longitudinal designs, larger 
sample sizes, careful attention to the development of 
mature consonant–vowel syllable forms, and dense sam-
pling using cutting-edge technology in order to detect vocal 
precursors of speech motor involvement. In doing so, we 
can further inform the diagnosis and prognosis of these 
children’s speech development to support clinical decision 
making around the need to introduce augmentative and 
alternative communication (AAC) as early as possible. 
Part 2: State of the Science on Infant 
Vocal Characteristics in CP 

Method 

Eligibility Criteria and Quality Appraisal 
For Part 2 of our scoping review, we sought to syn-

thesize the vocal characteristics reported across a subset of 
studies identified in Part 1 that examined infants with CP 
• •4444 Journal of Speech, Language, and Hearing Research Vol. 66

Downloaded from: https://pubs.asha.org Michelle Altamura on 12/04/2024
and with birth risk conditions for CP. Although quality 
review is uncommon in scoping reviews, we deemed it a 
necessary part of describing research findings that have 
the potential to be generalized to clinical contexts (Munn 
et al., 2018; Peters et al., 2020). 

Prior to quality appraisal of studies identified in 
Part 1, we first excluded studies that only examined 
infants with genetic or chromosomal conditions (n = 25) 
because the vocal characteristics of these children may be 
unique to their genetic phenotype compared to infants 
who experienced birth complications likely to impact neu-
rological development. After excluding these 25 studies, 
30 studies examining infants with or at risk for CP under-
went quality appraisal. 

Quality appraisal was conducted on the remaining 
30 studies using the Mixed Methods Appraisal Tool 
(MMAT; Hong et al., 2018) by the first and third authors 
independently. The MMAT was selected as a validated tool 
designed to appraise studies across five categories of 
research designs (quantitative randomized controlled trial, 
quantitative nonrandomized, quantitative descriptive, quali-
tative, and mixed methods). The 30 studies encompassed 
only two of these categories; we identified 22 quantitative 
nonrandomized (cohort, case–control, and cross-sectional 
analytic studies) and eight quantitative descriptive studies 
(surveys, case series, and case reports). 

Using the MMAT, each reviewer assessed 100% of 
the 30 studies across the relevant methodological quality 
criteria for each design category. Reviewers answered each 
question as “yes” meets criteria, “no” does not meet cri-
teria, or “unclear” where inadequate information was 
reported. Final independent quality ratings were based on 
the overall impression of quality from these responses to 
each question given that the MMAT discourages calculat-
ing an overall score from ratings of each criterion (Hong 
et al., 2018). Reliability was calculated using the Cohen’s 
kappa indicating substantial agreement between reviewers, 
κ = .786 (Sim & Wright, 2005). A summary of the quality 
criteria collated through narrative synthesis is presented in 
Table 4. 

A final quality judgment of low, moderate, or high 
quality was settled through consensus discussion. Only 
studies judged as high quality were selected to be synthe-
sized as results. Individual study ratings across the two 
design categories are presented in Appendix B. 

Results 

The data reduction flow diagram based on our eligi-
bility criteria for Part 2 is shown in Figure 2. Of the 30 
studies that underwent quality appraisal, only 11 (20%) 
studies met criteria as high quality for inclusion in Part 2.
•4432–4460 November 2023
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Table 4. Quality appraisal criteria using the Mixed Methods Appraisal Tool. 

Quantitative design type Quality criteria 
Number of studies 
that met criteria 

Reasons studies did not meet criteria 
(i.e., received a “no” or “unclear” rating”) 

Screening questions 
(N = 30) 

Are there clear research questions? 21 • Research questions unclear or not explicitly 
stated (n = 9)  

Do the collected data allow to 
address the research 
questions? 

21 • Data collected did not reflect the variables or 
constructs as described in the research 
question or hypothesis (n = 9)  

Nonrandomized studies 
(n = 22) 

Are the participants representative 
of the target population? 

16 • Target population was inadequately defined or 
undifferentiated across broadly described 
groups (n = 4)

• Limited or no description of eligibility criteria 
(n = 2)  

Are measurements appropriate 
regarding both the outcome 
and intervention (or exposure)? 

11 • Phonological or speech sound assessment as 
an inadequate measure of prelinguistic 
vocalization (n = 2)

• “Vocalization” or “babbling” terms not 
operationally defined (n = 7)

• Measure not well defined or justified for study 
of vocal production (n = 1)

• Recording details of infant vocal production not 
adequately specified (n = 1)  

Are there complete outcome 
data? 

19 • Reported data inadequately address the 
research questions (n = 1)

• Missing data inadequately justified (n = 2)  

Are the confounders accounted 
for in the design and analysis? 

14 • Within-group trait differences not adequately 
accounted for (n = 2)

• Relevant demographic details not discussed or 
analyzed as potential confounds (n = 8)

• Age- or sex-matching attempts not adequately 
discussed (n = 1)  

During the study period, is the 
intervention administered (or 
exposure occurred) as intended? 

16 • Inadequate length of study period to measure 
change over time as hypothesized (n = 2)

• Study used a single time-point, and change 
was not reported (n = 2)

• Retrospective design using parent reported 
data affected validity of results (n = 1)

• Intervention inadequately described as 
administered (n = 1)  

Descriptive studies 
(n = 8)  

Is the sampling strategy relevant to 
address the research question? 

7 • Eligibility criteria was inadequate for target 
population of interest (n = 1)  

Is the sample representative of 
the target population? 

7 • Target population was inadequately defined 
(n = 1)  

Are the measurements 
appropriate? 

4 • “Vocalization” or “babbling” terms not 
operationally defined (n = 3)  

Is the risk of nonresponse bias 
low? 

5 • Incomplete data for case series to answer 
research questions (n = 1)

• Nonresponses not addressed or adequately 
discussed (n = 2)  

Is the statistical analysis 
appropriate to answer the 
research question? 

6 • Retrospective design using parent reported 
data affected validity of results (n = 1)

• Inadequate rationale for vocal behavioral 
findings as described (n = 1)  

Note. Reviewers answered each question as “yes” meets criteria, “no” does not meet criteria, or “unclear” where inadequate information 
was reported. Final quality ratings were based on the overall impression of quality based on responses to each question and not a quantita-
tive criterion of “yes” versus “no/unclear” ratings. The sum of reasons that did not meet criteria do not always sum to the total number of 
studies classified across each category because several studies did not meet criteria for more than one reason.
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Figure 2. Data reduction for Part 2. CP = cerebral palsy. 
The median year of publication for the 11 studies 
was 2016 (range: 1999–2022), and the median sample 
size was nine participants (range: 4–32). Detailed results on 
vocal characteristics and follow-up outcomes are presented 
by study in Table 5. A narrative synthesis is provided 
below across three categories of populations identified as 
CP, preterm and VLBW, and mixed clinical groups. 

Cerebral Palsy 
Only two studies examined a group of infants with 

CP or recruited for an explicit risk of CP (Levin 1999; 
Ward et al., 2022). Higher rates of marginal babbling and 
lower rates of canonical babbling were observed in both 
studies beyond expected ages of emergence. 

Levin (1999) found that eight infants with CP 
between 11 and 12 months produced ~1 vocalization per 
minute (estimated from a range of total vocalizations reported 
across three half-hour sessions per infant), primarily low-back 
vowels, and only monosyllabic canonical utterances. Only 
20% of their sample had reached the canonical babbling stage 
(as measured by a CBR criterion of 0.20), and all infants pro-
duced high rates of marginal syllables. Five of the eight par-
ticipants produced any true consonants—more labials and 
velars than dental consonants—with an average of nine per 
session. More recently, Ward et al. (2022) examined the 
rate of vocal development in 18 infants at risk for CP and 
18 typically developing infants using a parent-reported 
milestone questionnaire at 6, 9, and 12 months. The CP 
risk group showed a slower rate of vocal development 
• •4446 Journal of Speech, Language, and Hearing Research Vol. 66
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compared to typically developing infants, with significantly 
lower performance at 9 and 12 months, particularly in the 
speech motor development domain, but not in a “social 
receptive” domain that was associated with phonation con-
trol and social interaction. Item-level analyses revealed 
marginal babbling contributed the greatest variance to the 
speech motor factor at 9 months and canonical babbling 
contributed the greatest variance at 12 months. 

Preterm and Very Low Birthweight 
Five studies examined vocal characteristics of pre-

term or VLBW infants across a range of ages between 0 
and 24 months. The median sample size of these studies 
was 19 participants (M = 19,  SD = 7.8).  Across  these  stud-
ies, few significant vocal characteristic differences were 
observed among preterm and VLBW infants compared to 
full-term infants, further elaborated below across four 
methodological themes identified: vocal rate, canonical syl-
lables, vocal stage emergence, and acoustic parameters. 

Vocal rate. No significant differences were observed 
in the rate of vocalizations per minute between preterm 
and full-term infants. Preterm infants at or below 
12 months of age demonstrated a mean rate of ~1.5 
vocalizations per minute compared to full-term infants 
who produced ~2 per minute (Benassi et al., 2016; Töröla 
et al., 2012; Zuccarini et al., 2018). Decreasing rates of 
vocalizations were also observed in preterm infants and 
those with bronchopulmonary dysplasia (BPD), whereas 
full-term infants demonstrated higher or increasing rate of
•4432–4460 November 2023
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Table 5. Results of studies examining vocal production of infants diagnosed with or at risk for cerebral palsy (Part 2). 

Paper 
Relevant clinical 

groups (n) Age Main findings 

Follow-up outcomes 

Age; measure Outcome findings 

Benassi et al. 
(2016) 

Preterm (20) 12 months 
(corrected) 

No differences between preterm 
and control groups in the 
frequency of vocalization, 
“babbling,” or words at 
12 months. 

— —  

Levin (1999) CP (8) 11–12 months The onset of canonical babbling 
was delayed in six of eight 
participants. All had restricted 
phonetic repertoires and 
produced monosyllabic 
utterances only. 

— —  

Lohmander et al. 
(2017) 

“Neurodevelopmental 
disorder” group (10) 

9–21 months In a combined neurodevelopmental 
group, children produced a 
smaller number of different 
consonants and lower CBR 
than controls. 

— —  

McCathren et al. 
(1999) 

Preterm (4), failure to 
thrive (3) macro/ 
microcephaly (2), 
neonatal meningitis 
(1) 

17–23 months In a combined clinical group, 
participants used 3.95 
vocalizations per minute and 
1.14 vocalizations with 
consonants per minute. 

12 months after 
first session; 
number and 
rate of words 

M = 13 different 
words; 
M = 0.66 different 
words per minute 

Nyman & 
Lohmander 
(2018) 

CP (4), Suspected CP 
(2), brain 
malformation (1) 

12–22 months In a combined 
neurodevelopmental group, a 
lower occurrence of babbling, 
consonant production, and 
CBRs were observed. 

— —  

Nyman, 
Strömbergsson, 
Lindström, et al. 
(2021) 

CP (4) 12–22 months In a combined neurodevelopmental 
group, infants used three to 
eight different true consonants. 

4:11–5:4 years; 
number of 
established 
consonants 

The number of 
established 
consonants ranged 
from 5 to 11 

Rvachew et al. 
(2005) 

Preterm VLBW with 
BPD (13), preterm 
VLBW without 
BPD (9) 

8, 12, 
18 months 

Infants with BPD produced 
smaller CBRs than controls. 
Infants without BPD caught 
up to controls by 18 months. 

— —  

Stolt et al. (2012) VLBW (32) 0–24 months All participants were reported as 
producing quasivowels, 
cooing, variations in pitch/ 
intensity, babbling, and first 
words at expected ages. 

24 months; 
RDLS III, 
MCDI-Finnish 

Age of babble/first 
words and rate of 
vocal development 
were all associated 
with later language 
performance 

Töröla et al. (2012) Preterm (18) 0–9 months All vocal milestones (except 
cooing) were approximately 
2 weeks delayed compared to 
controls. 

— —  

Ward et al. (2022) CP risk (18) 6, 9, 
12 months 

The rate of development of 
canonical babble was lower in 
the CP risk group compared 
to controls. 

— —  

Zuccarini et al. 
(2018) 

Preterm (20) 6 and 
12 months 

Manual exploration at 6 months 
predicted total vocal 
production at 12 months. 

— —  

Note. Em dashes in “Follow-up outcomes” columns indicate these data were not reported or studied in the respective study. CP = cerebral 
palsy; CBR = canonical babbling ratio; VLBW = very low birth weight; BPD = bronchopulmonary dysplasia; RDLS-III = Reynell Developmen-
tal Language Scales–Third Edition; MCDI = MacArthur Communicative Development Inventories. 
vocalization over time (Töröla et al., 2012; Rvachew 
et al., 2005). There were also no differences in the mean 
number of syllables per utterance (~1–2) between 8 and 
18 months (Rvachew et al., 2005). 
Long
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Canonical syllables. Preterm infants generally pro-
duced a smaller (often nonsignificant) proportion of 
canonical syllables, fewer canonical syllables (< 1) per 
minute, and lower number of consonants under 18 months
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than full-term infants (Benassi et al., 2016; Rvachew 
et al., 2005). A smaller percentage of preterm infants pro-
duced any canonical syllables or reached the canonical 
babbling stage (as measured by a CBR > 0.2) at or before 
12 months, indicating greater delays in reaching the canon-
ical babbling milestone for preterm infants, especially those 
with BPD (Benassi et al., 2016; Rvachew et al., 2005). 
Although preterm infants with BPD had the lowest overall 
number of consonants, all preterm and full-term infants 
increased their number of consonants between 8 and 18 months. 
Notably, healthy preterm infants and full-term infants had a 
significantly larger vocabulary size at 18 months compared to 
preterm infants with BPD (Rvachew et al., 2005). 

Vocal stage emergence. No differences were observed 
between preterm/VLBW and full-term infants in ages of 
onset for the phonation, cooing, expansion, reduplicated 
babbling, and first word stages of development (Stolt 
et al., 2012; Töröla et al. 2012). One study found preterm 
infants produced significantly fewer types of vocalizations 
during the cooing stage but not expansion stage, suggesting 
less variability in the early emergence of speech motor 
capabilities (Töröla et al., 2012). Of note, these two studies 
measured vocal stage emergence using different methods 
despite finding similar ages of onset across stages (parent-
reported questionnaire vs. laboratory-based vocal coding), 
highlighting the potential for future work to validate 
parent-reported measures with laboratory human coding of 
infant vocal types to inform clinical screening of vocal pre-
cursors for speech motor involvement in these populations. 

Acoustic parameters. Finally, one study examined 
acoustic parameter differences of preterm and full-term 
infant vocalizations. Rvachew et al. (2005) found no sig-
nificant differences across acoustic measures of vowel 
space, abnormal phonation, and consonant–vowel syllable 
duration. However, the preterm infants with BPD consis-
tently demonstrated the lowest measures overall. Specifi-
cally, from 8 to 18 months, they had the smallest vowel 
spaces (as measured by the standard deviation of the F2 
frequency), smallest overall abnormal phonation ratios, 
and longest syllable durations with little change over time 
compared to healthy preterm and full-term infants. 

Mixed Clinical Groups of Infants With 
Neurodevelopmental Conditions 

Four studies examined mixed clinical groups of 
infants with neurodevelopmental conditions, including CP, 
CP risk factors, and genetic conditions, with a median of 
four different clinical groups included (M = 4.5,  SD = 1.3).
These studies reported a significantly smaller number of dif-
ferent consonants—particularly dental/alveolar plosives— 

produced by these clinical groups compared to typically 
developing controls (Lohmander et al., 2017; McCathren 
et al., 1999; Nyman & Lohmander, 2018). Lower rates of 
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canonical babbling and a smaller percentage of infants 
reaching the canonical babbling stage were also noted 
(Lohmander et al., 2017; Nyman & Lohmander, 2018). 
One study observed a comparable number of vocalizations 
per minute (~4 per minute) as typically developing infants 
from recent studies on this topic (Oller et al., 2019, 2020). 

Notably, one study (Nyman, Strömbergsson, Lindström, 
et al., 2021) was conducted as a follow-up study to Nyman and 
Lohmander (2018) and represents the only study we found 
that examined associations among early vocal production 
and later speech-language outcomes in children with neurode-
velopmental disabilities (including CP). Specifically, Nyman, 
Strömbergsson, Lindström, et al. (2021) observed a moderate 
but nonsignificant correlation between infants’ number of dif-
ferent consonants at 12–22 months and their percentage of 
consonants correct (PCC) at 5 years. Of the four children in 
their sample with CP, three (75%) were diagnosed with dysar-
thria and two (50%) has language impairments by 5 years, 
statistics that match prior studies reporting the prevalence of 
speech and language impairments in CP (Mei et al., 2020; 
Nordberg et al., 2013). Across their entire mixed clinical 
group, only 18% of their sample had age-appropriate speech 
or language abilities at 5 years, highlighting the clinical 
importance of identifying early and accurate predictors of 
these skills at the youngest possible ages. 
Discussion 

Part 2 of our scoping review sought to report the 
state of the high-quality evidence on vocal production in 
infants diagnosed or at risk for CP and speech motor 
involvement. Following a broad synthesis of the methods 
used across a broad range of populations at high risk for 
speech motor involvement (including infants with genetic 
or chromosomal conditions), we reduced our scope to 
studies examining infants with CP and those with known 
birth risk factors associated with CP. We identified 11 
high-quality studies; two studies found delays in the onset 
of canonical babbling and protracted rates of marginal 
babbling in infants with CP, five studies found no or mini-
mal vocal differences in the rate or onset of vocal stages for 
preterm/VLBW infants, and four studies found low vocal 
and canonical syllable rates in mixed clinical groups of 
infants. Large variability in the populations and methods 
of measurement were noted across these studies, a finding 
that parallels reviews of vocal development in other popula-
tions (Lang et al., 2019; McDaniel & Gifford, 2020; L. 
Morgan & Wren, 2018; Yankowitz et al., 2019). For this 
reason, our synthesis should be interpreted with caution. A 
discussion of these findings is provided below with respect 
to these trends to support the future direction of research 
on the early detection of speech motor involvement in CP.
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Despite the methodological differences, we noted a 
preponderance of marginal syllables, low rates of canoni-
cal babbling and monosyllabic canonical utterances by 
12 months, and small phonetic repertoires (less than six 
different consonants) through 24 months in infants with 
and at risk for CP across three studies (Levin, 1999; 
Lohmander et al., 2017; Nyman & Lohmander, 2018; 
Ward et al., 2022). Prior research on typical development 
has evidenced the consolidation of speech motor control 
via decreasing rates of marginal babbling and increasing 
rates of canonical babbling across the second half of the 
first year of life (Iverson & Thelen, 1999; Lewedag, 1995; 
Stark, 1980). Findings from this review suggest that the 
underlying neuropathology associated with a diagnosis of 
CP may also be observable in prelinguistic supraglottal 
articulation for at least some children. Specifically, we 
posit that high rates of marginal syllables during ages at 
which canonical syllables should predominate could poten-
tially indicate early evidence of dysarthria (i.e., imprecise 
articulation). Future research should compare the associa-
tions among later levels of speech motor involvement with 
measures of vocal characteristics across longitudinal stud-
ies, including marginal and canonical babbling, consonant 
diversity, and specific canonical babbling characteristics 
(e.g., monosyllabic, reduplicated, and variegated babbling 
patterns). 

Prior acoustic analyses of speech production in chil-
dren with CP and speech motor involvement demonstrate 
smaller vowel spaces, longer vowel durations, reduced F2 
slopes, and longer F2 transitions than those with no 
speech motor impairment (Allison & Hustad, 2018; J. Lee 
& Hustad, 2013; J. Lee et al., 2014). From our synthesis, 
Rvachew et al. (2005) also observed smaller vowel spaces 
and longer syllable durations in infants with multiple risk 
factors (i.e., preterm and BPD). These studies suggest that 
acoustic analyses of vowel space and consonant–vowel sylla-
bles (e.g., F2 slope and transition) may be used as an objec-
tive method of measurement to study the longitudinal devel-
opment of supraglottal articulation (transitions from prelin-
guistic vocalization in infancy to speech into childhood) and 
offer insight into how these trajectories differ across children 
with and without speech motor involvement. 

It is important to note that two of our identified 
studies observed noted differences in infants with multiple 
birth risk conditions compared to healthy preterm or full-
term infants (Rvachew et al., 2005; Stolt et al., 2012). 
These findings may support prior research indicating 
that the risk of communication impairments in CP may 
be greater for infants born at-term and with higher 
birth weight, suggesting that prematurity alone is not a 
singular risk factor for communication impairments in CP 
(Pennington et al., 2020; Soares et al., 2017; Souza et al., 
2019; Zhang et al., 2015). This is further corroborated by 
Long
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the studies that found minimal or no significant differ-
ences in the vocal characteristics between preterm and 
full-term infants (Benassi et al., 2016; Törölä et al., 2012; 
Zuccarini et al., 2018). However, these studies reported 
overall lower (~1–2) vocalizations per minute from both 
preterm and full-term groups of infants compared to 
recent studies (~4–5) using much larger samples of typi-
cally developing infants (Oller et al., 2019, 2020). Differ-
ences in the measurement of vocalizations may explain 
some discrepancies among studies; thus, we cannot defini-
tively determine whether vocal rates differ among preterm 
and full-term infants based on extant literature. These 
findings underscore the notion that none of the vocal 
characteristics can yet be generalized to specific popula-
tions due to small sample sizes, a small number of studies 
identified, and considerable heterogeneity within the popu-
lation of children overall. Regardless, the methodological 
and vocal findings synthesized in our review offer impor-
tant insight into the future research directions needed to 
support the identification of vocal precursors to speech 
motor involvement in CP. 

In regard to our discussion of multiple risk factors, 
future research should consider the extent to which spe-
cific birth risk factors and comorbidities may heighten the 
risk of greater levels of speech motor involvement in CP. 
For example, several studies have shown that infantile sei-
zures and a higher number of comorbidities are associated 
with communication impairments in CP (Allison et al., 
2023; Fluss & Lidzba, 2020; Hidecker et al., 2018). Thus, 
there is a need to examine differences in early vocal char-
acteristics and subsequent speech production across condi-
tions associated with CP that can be diagnosed in early 
infancy, such as seizures, periventricular leukomalacia, 
and hypoxic ischemic encephalopathy. 

Only one study examined the association between 
infant vocal characteristics and later speech outcomes, 
finding a moderate (but nonsignificant) correlation between 
early consonant diversity and PCC at 5 years in a mixed 
clinical group of infants (Nyman, Strömbergsson, Lindström, 
et al., 2021). Two other studies found positive associa-
tions with later language performance of > 24 months, 
including with the age of babbling onset and the rate of 
canonical syllables at approximately 12 months (McCathren 
et al., 1999; Stolt et al., 2012). These studies reporting a mix 
of speech and language outcomes highlight an additional 
layer of complexity in this area of research. Prelinguistic 
vocal development is well established to reflect the intercon-
nected development of both speech motor control and lin-
guistic categories heard in their ambient environment (Laing 
& Bergelson, 2020; Lang et al., 2021; Oller, 2000). More-
over, many people with CP demonstrate speech motor and 
comorbid language impairments (Mei et al., 2015, 2020). 
Nyman, Strömbergsson, Lindström, et al. (2021) reported
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both speech and language outcomes in their sample; how-
ever, their mixed clinical group of children limit our ability 
to draw any explicit conclusions about the predictive nature 
of early consonantal characteristics with later speech or lan-
guage outcomes. Clearly, this finding necessitates the ongo-
ing study of determining whether we have the potential to 
identify infant vocal precursors across a range of profiles of 
speech motor and language abilities in children with CP. 
Limitations of Parts 1 and 2 

The present review aimed to report the population 
and methodological landscape of research in infants at 
risk for speech motor involvement and the extent to which 
vocal characteristic findings revealed developmental differ-
ences specifically in those studies of infants with or at risk 
for CP. Throughout our search process, we noted some 
difficulty in identifying some populations as presenting 
with or without speech motor involvement given that 
many studies (especially older studies) often refer to com-
munication broadly as “speech” when a closer look at 
their methods may reveal an interest in linguistic abilities. 
It is important to note that children with CP and other 
clinical populations discussed in Parts 1 and 2 of our 
review may present with concurrent speech motor disor-
ders (dysarthria and childhood apraxia of speech [CAS]) 
and language impairment (Alvares & Downing, 1998; 
Chapman, 2017; Mei et al., 2015; Sanchez et al., 2019). In 
fact, several studies maintained a focus on language devel-
opment despite their inclusion of participants also at risk 
for speech motor involvement, hence their inclusion in our 
review (Locatelli et al., 2021; McCathren et al., 1999; 
Romano et al., 2020). Our fair reliability observed in the 
title–abstract screening is a likely reflection of this prob-
lem; however, the full-text screening revealed substantial 
agreement beyond this point. Ultimately, the limited 
research reporting childhood outcomes limits our ability 
to connect vocal characteristic findings with either speech 
motor or language outcomes. These complexities indicate 
a substantial confound in our ability to generalize any 
findings to clinical practice, indicating a critical need for 
future research to work to tease apart potential precursors 
for the possible kinds of speech motor disorders and lan-
guage impairment in CP. 

Also, although idiopathic CAS was excluded from 
our search during Part 1, a recent review found only seven 
prior studies examining vocal development with respect to 
a later diagnosis of CAS and found notably lower vocal 
and canonical babbling rates compared to typically devel-
oping infants, indicating a need for more systematic study 
across all pediatric speech motor disorders (Overby & 
Highman, 2021). These and our present findings emphasize 
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the gap in our understanding of the relationship between 
early vocal behaviors and speech outcomes across a variety 
of clinical populations. Also, we excluded 30 papers not 
available in English during our full-text screening in Part 1. 
Future studies could appraise and synthesize findings from 
these papers to expand our limited existing knowledge of 
vocal precursors of speech impairment in CP. 

We eliminated children with Down syndrome and 
other genetic or chromosomal conditions in Part 2 because 
of their unique phenotype; however, a systematic review 
of findings across these conditions is clearly warranted to 
appraise the evidence base, particularly in Down syn-
drome. It is also worth noting that we encountered many 
studies during our screening phase in Part 1 that examined 
vocal development of infants with or at risk for other cog-
nitive and intellectual disabilities and those with structural 
differences (i.e., cleft palate). Although these conditions 
were outside the scope of the present review, future studies 
could report the state of science on vocal production in 
these populations to support the early detection of vocal 
markers for their later outcomes as well. 
Conclusions 

Additional research examining vocal production of 
infants at risk for speech motor involvement, especially 
infants at risk for CP, is greatly needed. Methodological 
differences currently limit our ability to identify explicit 
vocal precursors of speech motor involvement and out-
come associations across genetic and birth risk conditions. 
We noted broad delays in the emergence of canonical bab-
bling beyond 12 months in infants prospectively identified 
for a diagnosis or risk of CP but mixed findings in studies 
examining infants with general birth risk factors (e.g., pre-
term and VLBW). Additional research is needed using 
larger sample sizes and modern technologies such as auto-
mated vocal detection software and advanced acoustic 
analyses to support the longitudinal study of relationships 
among vocal characteristics with later speech-language 
outcomes. This work is necessary to improve the early 
and accurate prediction of speech motor outcomes in 
infants at risk for speech motor involvement and to 
inform clinical decisions for implementing AAC in early 
intervention to support long-term communication out-
comes in children with CP. 
Author Contributions 

Helen L. Long: Conceptualization (Lead), Data 
curation (Equal), Formal analysis (Lead), Funding acqui-
sition (Supporting), Investigation (Lead), Methodology
•4432–4460 November 2023

, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 



(Equal), Project administration (Lead), Resources (Equal), 
Software (Equal), Supervision (Lead), Validation (Lead), 
Visualization (Lead), Writing – original draft (Lead), 
Writing – review & editing (Lead). Leslie Christensen: 
Conceptualization (Supporting), Data curation (Equal), 
Formal analysis (Supporting), Investigation (Supporting), 
Methodology (Equal), Project administration (Support-
ing), Resources (Equal), Software (Equal), Validation 
(Supporting), Visualization (Supporting), Writing – origi-
nal draft (Supporting), Writing – review & editing (Sup-
porting). Sydney Hayes: Formal analysis (Supporting), 
Investigation (Supporting), Methodology (Supporting), 
Validation (Supporting), Visualization (Supporting), Writing – 
original draft (Supporting), Writing – review & editing (Sup-
porting). Katherine C. Hustad: Conceptualization (Support-
ing), Formal analysis (Supporting), Funding acquisition 
(Supporting), Methodology (Supporting), Resources (Sup-
porting), Supervision (Equal), Validation (Supporting), Visu-
alization (Supporting), Writing – original draft (Equal), 
Writing – review & editing (Equal). 
Data Availability Statement 

This research protocol was preregistered on the 
Open Science Framework at https://osf.io/k8tnc. Data and 
supplemental material associated with this project are also 
available at https://osf.io/jf3u6/. 
Acknowledgments 

Research reported in this publication was supported 
by the National Institute of Child Health and Human 
Development (Grants T32HD007489 and U54HD090256; 
Trainee: Long), the National Institute on Deafness and 
Other Communication Disorders (Grant R01DC009411, 
PI: Hustad), the National Center for Advancing Transla-
tional Sciences (TL1TR002375 and UL1TR002373; Trainee: 
Long), and the University of Wisconsin -Madison Waisman 
Center and Institute for Clinical and Translational Research. 
The authors wish to acknowledge Ashley Sakash and Kyra 
Skoog for their assistance with this project. 
References 

Alieva, K. M., & Gasanova, M. O. (2015). P181 – 2393: Specific 
features of infantile cerebral palsy development in small prema-
ture infants with extremely low birth weight and very low birth 
weight. European Journal of Paediatric Neurology, 19(Suppl. 1), 
S144–S145. https://doi.org/10.1016/S1090-3798(15)30494-3 

Allison, K. M., & Hustad, K. C. (2018). Acoustic predictors of 
pediatric dysarthria in cerebral palsy. Journal of Speech, 
Long

Downloaded from: https://pubs.asha.org Michelle Altamura on 12/04/2024
Language, and Hearing Research, 61(3), 462–478. https://doi. 
org/10.1044/2017_JSLHR-S-16-0414 

Allison, K. M., Stoeckel, R., Olsen, E., Tallman, S., & Iuzzini-
Seigel, J. (2023). Motor speech phenotypes in children with 
epilepsy: Preliminary findings. American Journal of Speech-
Language Pathology, 32(4S), 1912–1922. https://doi.org/10. 
1044/2022_AJSLP-22-00176 

Alvares, R. L., & Downing, S. F. (1998). A survey of expressive 
communication skills in children with Angelman syndrome. 
American Journal of Speech-Language Pathology, 7(2), 14–24. 
https://doi.org/10.1044/1058-0360.0702.14 

Babbly.co. (2023). Babbly: Baby Speech Tracker (2.38.2) [Com-
puter software]. Village Voice Technologies. https://www. 
babbly.co 

Benassi, E., Savini, S., Iverson, J. M., Guarini, A., Caselli, M. C., 
Alessandroni, R., Faldella, G., & Sansavini, A. (2016). Early 
communicative behaviors and their relationship to motor skills 
in extremely preterm infants. Research in Developmental Dis-
abilities, 48, 132–144. https://doi.org/10.1016/j.ridd.2015.10.017 

Berger, J., & Cunningham, C. C. (1983). Development of early 
vocal behaviors and interactions in Down’s syndrome and 
nonhandicapped infant-mother pairs. Developmental Psychol-
ogy, 19(3), 322–331. https://doi.org/10.1037/0012-1649.19.3. 
322 

Bochner, S. (1986). Development of intentionality in the vocaliza-
tion of handicapped infants reared in a hospital setting. 
Australia and New Zealand Journal of Developmental Disabil-
ities, 12(1), 55–63. https://doi.org/10.3109/13668258609084069 

Brown, B. B., Bendersky, M., & Chapman, T. (1986). The early 
utterances of preterm infants. International Journal of Lan-
guage and Communication Disorders, 21(3), 307–319. https:// 
doi.org/10.3109/13682828609019844 

Brown, M. J., & Ruder, K. F. (1995). Preverbal communicative 
abilities of high-risk infants. Infant-Toddler Intervention, 5(1), 
71–90. 

Bryant, G. A. (2022). Vocal communication across cultures: The-
oretical and methodological issues. Philosophical Transactions 
of the Royal Society B: Biological Sciences, 377(1841), Article 
20200387. https://doi.org/10.1098/rstb.2020.0387 

Chapman, R. S. (2017). Language development in children and ado-
lescents with Down syndrome. In P. Fletcher & B. MacWhinney 
(Eds.), The handbook of child language (pp. 641–663). 
Blackwell. https://doi.org/10.1111/b.9780631203124.1996.00027.x 

Cobo-Lewis, A. B., Oller, D. K., Lynch, M. P., & Levine, S. L. 
(1996). Relations of motor and vocal milestones in typically 
developing infants and infants with Down syndrome. Ameri-
can Journal of Mental Retardation, 100(5), 456–467. 

Covidence Systematic Review Software. (2021). [Computer soft-
ware]. Veritas Health Innovation. http://www.covidence.org 

Daffern, H., Keren-Portnoy, T., DePaolis, R. A., & Brown, K. I. 
(2020). BabblePlay: An app for infants, controlled by infants, 
to improve early language outcomes. Applied Acoustics, 162, 
Article 107183. https://doi.org/10.1016/j.apacoust.2019.107183 

Dodd, B. J. (1972). Comparison of babbling patterns in normal 
and Down-syndrome infants. Journal of Mental Deficiency 
Research, 16(1), 35–40. https://doi.org/10.1111/j.1365-2788. 
1972.tb01569.x 

Eilers, R. E., Oller, D. K., Levine, S., Basinger, D., Lynch, M. P., 
& Urbano, R. (1993). The role of prematurity and socioeco-
nomic status in the onset of canonical babbling in infants. 
Infant Behavior and Development, 16(3), 297–315. https://doi. 
org/10.1016/0163-6383(93)80037-9 

Fell, H., Cress, C., MacAuslan, J., & Ferrier, L. (2003). VisiBab-
ble for reinforcement of early vocalization. Assets ’04:
et al.: Infant Vocalization & Speech Motor Scoping Review 4451

, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 

https://osf.io/k8tnc
https://osf.io/jf3u6/
https://doi.org/10.1016/S1090-3798(15)30494-3
https://doi.org/10.1044/2017_JSLHR-S-16-0414
https://doi.org/10.1044/2017_JSLHR-S-16-0414
https://doi.org/10.1044/2022_AJSLP-22-00176
https://doi.org/10.1044/2022_AJSLP-22-00176
https://doi.org/10.1044/1058-0360.0702.14
https://www.babbly.co
https://www.babbly.co
https://doi.org/10.1016/j.ridd.2015.10.017
https://doi.org/10.1037/0012-1649.19.3.322
https://doi.org/10.1037/0012-1649.19.3.322
https://doi.org/10.3109/13668258609084069
https://doi.org/10.3109/13682828609019844
https://doi.org/10.3109/13682828609019844
https://doi.org/10.1098/rstb.2020.0387
https://doi.org/10.1111/b.9780631203124.1996.00027.x
http://www.covidence.org
https://doi.org/10.1016/j.apacoust.2019.107183
https://doi.org/10.1111/j.1365-2788.1972.tb01569.x
https://doi.org/10.1111/j.1365-2788.1972.tb01569.x
https://doi.org/10.1016/0163-6383(93)80037-9
https://doi.org/10.1016/0163-6383(93)80037-9


Proceedings of the 6th International ACM SIGACCESS Con-
ference on Computers and Accessibility (pp. 161–168). https:// 
doi.org/10.1145/1028630.1028659 

Fiani, T., Izquierdo, S. M., & Jones, E. A. (2021). Effects of 
mother’s imitation on speech sounds in infants with Down 
syndrome. Research in Developmental Disabilities, 119, Article 
104118. https://doi.org/10.1016/j.ridd.2021.104118 

Fluss, J., & Lidzba, K. (2020). Cognitive and academic profiles in 
children with cerebral palsy: A narrative review. Annals of 
Physical and Rehabilitation Medicine, 63(5), 447–456. https:// 
doi.org/10.1016/j.rehab.2020.01.005 

Gec, V. (2007). Organizing logopedic therapy for babies with uni-
lateral and bilateral brain lesion in the prespeech period. Jour-
nal of Child Neurology, 22(1), 21–25. https://doi.org/10.1177/ 
0883073807299970 

Gilkerson, J., & Richards, J. (2008). The LENA natural language 
study (Technical Report: LTR-02-2). LENA Foundation. 

Gilkerson, J., Richards, J. A., Greenwood, C. R., & Montgomery, 
J. K. (2017). Language assessment in a snap: Monitoring 
progress up to 36 months. Child Language Teaching and Ther-
apy, 33(2), 99–115. https://doi.org/10.1177/0265659016660599 

Gilkerson, J., Richards, J. A., Warren, S. F., Montgomery, J. K., 
Greenwood, C. R., Oller, D. K., Hansen, J. H. L., & Paul, 
T. D. (2017). Mapping the early language environment using 
all-day recordings and automated analysis. American Journal 
of Speech-Language Pathology, 26(2), 248–265. https://doi.org/ 
10.1044/2016_AJSLP-15-0169 

Goggin, J. E., Holmes, G. E., Hassanein, K., & Lansky, S. B. 
(1978). Observations of postnatal developmental activity in 
infants with fetal malnutrition. Journal of Genetic Psychology, 
132(2), 247–253. https://doi.org/10.1080/00221325.1978.10533336 

Gunn, P., Berry, P., & Andrews, R. (1979). Vocalization and 
looking behaviour of Down’s syndrome infants. British Jour-
nal of Psychology, 70(2), 259–263. https://doi.org/10.1111/j. 
2044-8295.1979.tb01683.x 

Haas, E., Ziegler, W., & Schölderle, T. (2020). Dysarthriediag-
nostik mit Kindern–das Testmaterial der BoDyS-KiD 
[Dysarthria assessment with children – test materials of 
BoDyS-KiD]. Sprache Stimme Gehör, 44(4), 189–193. 
https://doi.org/10.1055/a-1207-3491 

Haas, E., Ziegler, W., & Schölderle, T. (2021). Developmental 
courses in childhood dysarthria: Longitudinal analyses of 
auditory-perceptual parameters. Journal of Speech, Language, 
and Hearing Research, 64(5), 1421–1435. https://doi.org/10. 
1044/2020_JSLHR-20-00492 

Hidecker, M. J. C., Slaughter, J., Abeysekara, P., Ho, N. T., 
Dodge, N., Hurvitz, E. A., Workinger, M. S., Kent, R. D., 
Rosenbaum, P. L., Lenski, M., Vanderbeek, S. B., DeRoos, S., 
& Paneth, N. (2018). Early predictors and correlates of com-
munication function in children with cerebral palsy. Journal 
of Child Neurology, 33(4), 275–285. https://doi.org/10.1177/ 
0883073817754006 

Hong, Q. N., Pluye, P., Fabregues, S., Bartlett, G., Boardman, 
F., Cargo, M., Dagenais, P., Gagnon, M.-P., Griffiths, F., 
Nicolau, B., O’Cathain, A., Rousseau, M.-C., & Vedel, I. (2018). 
Mixed Methods Appraisal Tool (MMAT). McGill University. 

Hulme, J. B., Bain, B., Hardin, M., McKinnon, A., & Waldron, 
D. (1989). The influence of adaptive seating devices on vocali-
zation. Journal of Communication Disorders, 22(2), 137–145. 
https://doi.org/10.1016/0021-9924(89)90030-0 

Hustad, K. C., Mahr, T., Broman, A. T., & Rathouz, P. J. 
(2020). Longitudinal growth in single-word intelligibility among 
children with cerebral palsy from 24 to 96 months of age: 
Effects of speech-language profile group membership on 
• •4452 Journal of Speech, Language, and Hearing Research Vol. 66

Downloaded from: https://pubs.asha.org Michelle Altamura on 12/04/2024
outcomes. Journal of Speech, Language, and Hearing Research, 
63(1), 32–48. https://doi.org/10.1044/2019_JSLHR-19-00033 

Hustad, K. C., Sakash, A., Natzke, P. E. M., Broman, A. T., & 
Rathouz, P. J. (2019). Longitudinal growth in single word 
intelligibility among children with cerebral palsy from 24 to 
96 months of age: Predicting later outcomes from early speech 
production. Journal of Speech, Language, and Hearing Research, 
62(6), 1599–1613. https://doi.org/10.1044/2018_JSLHR-S-18-0319 

Iuzzini-Seigel, J., Allison, K. M., & Stoeckel, R. (2022). A tool 
for differential diagnosis of childhood apraxia of speech and 
dysarthria in children: A tutorial. Language, Speech, and 
Hearing Services in Schools, 53(4), 926–946. https://doi.org/10. 
1044/2022_LSHSS-21-00164 

Iverson, J. M., & Thelen, E. (1999). Hand, mouth, and brain: 
The dynamic emergence of speech and gesture. Journal of 
Consciousness Studies, 6(11–12), 19–40. 

Jennische, M., & Sedin, G. (1999). Speech and language skills in 
children who required neonatal intensive care: Evaluation at 
6.5 y of age based on interviews with parents. Acta Paediatrica, 
88(9), 975–982. https://doi.org/10.1080/08035259950168487 

Jensen, T. S., Bøggild-Andersen, B., Schmidt, J., Ankerhus, J., & 
Hansen, E. (1988). Perinatal risk factors and first-year vocali-
zations: Influence on preschool language and motor perfor-
mance. Developmental Medicine and Child Neurology, 30(2), 
153–161. https://doi.org/10.1111/j.1469-8749.1988.tb04746.x 

Johnston, M. V., Ishida, A., Ishida, W. N., Matsushita, H. B., 
Nishimura, A., & Tsuji, M. (2009). Plasticity and injury in the 
developing brain. Brain and Development, 31(1), 1–10. https:// 
doi.org/10.1016/j.braindev.2008.03.014 

Kwong, A. K., Eeles, A. L., Olsen, J. E., Cheong, J. L., Doyle, 
L. W., & Spittle, A. J. (2019). The baby moves smartphone 
app for general movements assessment: Engagement amongst 
extremely preterm and term-born infants in a state-wide geo-
graphical study. Journal of Paediatrics and Child Health, 
55(5), 548–554. https://doi.org/10.1111/jpc.14240 

Laing, C., & Bergelson, E. (2020). From babble to words: 
Infants’ early productions match words and objects in their 
environment. Cognitive Psychology, 122, Article 101308. https:// 
doi.org/10.1016/j.cogpsych.2020.101308 

Lang, S., Bartl-Pokorny, K. D., Pokorny, F. B., Garrido, D., 
Mani, N., Fox-Boyer, A. V., Zhang, D., & Marschik, P. B. 
(2019). Canonical babbling: A marker for earlier identification 
of late detected developmental disorders? Current Developmen-
tal Disorders Reports, 6(3), 111–118. https://doi.org/10.1007/ 
s40474-019-00166-w 

Lang, S., Willmes, K., Marschik, P. B., Zhang, D., & Fox-Boyer, 
A. (2021). Prelexical phonetic and early lexical development 
in German-acquiring infants: Canonical babbling and first 
spoken words. Clinical Linguistics & Phonetics, 35(2), 185– 
200. https://doi.org/10.1080/02699206.2020.1731606 

Largo, R. H., Molinari, L., Pinto, L. C., Weber, M., & Due, G. 
(1986). Language development of term and preterm children 
during the first five years of life. Developmental Medicine & 
Child Neurology, 28(3), 333–350. https://doi.org/10.1111/j. 
1469-8749.1986.tb03882.x 

Lee, C. C., Jhang, Y., Relyea, G., Chen, L.-M., & Oller, D. K. 
(2018). Babbling development as seen in canonical babbling 
ratios: A naturalistic evaluation of all-day recordings. Infant 
Behavior & Development, 50, 140–153. https://doi.org/10.1016/ 
j.infbeh.2017.12.002 

Lee, J., & Hustad, K. C. (2013). A preliminary investigation of 
longitudinal changes in speech production over 18 months in 
young children with cerebral palsy. Folia Phoniatrica et Logo-
paedica, 65(1), 32–39. https://doi.org/10.1159/000334531
•4432–4460 November 2023

, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 

https://doi.org/10.1145/1028630.1028659
https://doi.org/10.1145/1028630.1028659
https://doi.org/10.1016/j.ridd.2021.104118
https://doi.org/10.1016/j.rehab.2020.01.005
https://doi.org/10.1016/j.rehab.2020.01.005
https://doi.org/10.1177/0883073807299970
https://doi.org/10.1177/0883073807299970
https://doi.org/10.1177/0265659016660599
https://doi.org/10.1044/2016_AJSLP-15-0169
https://doi.org/10.1044/2016_AJSLP-15-0169
https://doi.org/10.1080/00221325.1978.10533336
https://doi.org/10.1111/j.2044-8295.1979.tb01683.x
https://doi.org/10.1111/j.2044-8295.1979.tb01683.x
https://doi.org/10.1055/a-1207-3491
https://doi.org/10.1044/2020_JSLHR-20-00492
https://doi.org/10.1044/2020_JSLHR-20-00492
https://doi.org/10.1177/0883073817754006
https://doi.org/10.1177/0883073817754006
https://doi.org/10.1016/0021-9924(89)90030-0
https://doi.org/10.1044/2019_JSLHR-19-00033
https://doi.org/10.1044/2018_JSLHR-S-18-0319
https://doi.org/10.1044/2022_LSHSS-21-00164
https://doi.org/10.1044/2022_LSHSS-21-00164
https://doi.org/10.1080/08035259950168487
https://doi.org/10.1111/j.1469-8749.1988.tb04746.x
https://doi.org/10.1016/j.braindev.2008.03.014
https://doi.org/10.1016/j.braindev.2008.03.014
https://doi.org/10.1111/jpc.14240
https://doi.org/10.1016/j.cogpsych.2020.101308
https://doi.org/10.1016/j.cogpsych.2020.101308
https://doi.org/10.1007/s40474-019-00166-w
https://doi.org/10.1007/s40474-019-00166-w
https://doi.org/10.1080/02699206.2020.1731606
https://doi.org/10.1111/j.1469-8749.1986.tb03882.x
https://doi.org/10.1111/j.1469-8749.1986.tb03882.x
https://doi.org/10.1016/j.infbeh.2017.12.002
https://doi.org/10.1016/j.infbeh.2017.12.002
https://doi.org/10.1159/000334531


Lee, J., Hustad, K. C., & Weismer, G. (2014). Predicting speech 
intelligibility with a multiple speech subsystems approach in 
children with cerebral palsy. Journal of Speech, Language, and 
Hearing Research, 57(5), 1666–1678. https://doi.org/10.1044/ 
2014_jslhr-s-13-0292 

Levin, K. (1999). Babbling in infants with cerebral palsy. Clinical 
Linguistics & Phonetics, 13(4), 249–267. https://doi.org/10. 
1080/026992099299077 

Lewedag, V. L. (1995). Patterns of onset of canonical babbling 
among typically developing infants [Doctoral dissertation]. Uni-
versity of Miami. 

Lipkin, P. H., Macias, M. M., & Council on Children With Dis-
abilities, Section on Developmental and Behavioral Pediatrics. 
(2020). Promoting optimal development: Identifying infants 
and young children with developmental disorders through 
developmental surveillance and screening. Pediatrics, 145(1), 
Article e20193449. https://doi.org/10.1542/peds.2019-3449 

Locatelli, C., Onnivello, S., Antonaros, F., Feliciello, A., Filoni, 
S., Rossi, S., Pulina, F., Marcolin, C., Vianello, R., Toffalini, 
E., Ramacieri, G., Martelli, A., Procaccini, G., Sperti, G., 
Caracausi, M., Pelleri, M. C., Vitale, L., Pirazzoli, G. L., 
Strippoli, P., . . . Lanfranchi, S. (2021). Is the age of develop-
mental milestones a predictor for future development in Down 
syndrome? Brain Sciences, 11(5), Article 655. https://doi.org/ 
10.3390/brainsci11050655 

Lohmander, A., Holm, K., Eriksson, S., & Lieberman, M. (2017). 
Observation method identifies that a lack of canonical bab-
bling can indicate future speech and language problems. Acta 
Paediatrica, 106(6), 935–943. https://doi.org/10.1111/apa.13816 

Lynch, M. P., Oller, D. K., Steffens, M. L., & Buder, E. H. 
(1995). Phrasing in prelinguistic vocalizations. Developmental Psy-
chobiology, 28(1), 3–25. https://doi.org/10.1002/dev.420280103 

Lynch, M. P., Oller, D. K., Steffens, M. L., Levine, S. L., 
Basinger, D. L., & Umbel, V. (1995). Onset of speech-like 
vocalizations in infants with Down syndrome. American Jour-
nal of Mental Retardation, 100(1), 68–86. 

Lyytinen, P., Poikkeus, A. M., Leiwo, M., Ahonen, T., & 
Lyytinen, H. (1996). Parents as informants of their child’s vocal  
and early language development. Early Child Development and 
Care, 126(1), 15–25. https://doi.org/10.1080/0300443961260102 

Mahr, T. J., Rathouz, P. J., & Hustad, K. C. (2020). Longitudi-
nal growth in intelligibility of connected speech from 2 to 8 years 
in children with cerebral palsy: A novel Bayesian approach. 
Journal of Speech, Language, and Hearing Research, 63(9), 
2880–2893. https://doi.org/10.1044/2020_JSLHR-20-00181 

Maitre, N. L., Damiano, D., & Byrne, R. (2023). Implementation 
of early detection and intervention for cerebral palsy in high-
risk infant follow-up programs. Clinics in Perinatology, 50(1), 
269–279. https://doi.org/10.1016/j.clp.2022.11.005 

Marchman, V. A., Miller, R., & Bates, E. A. (1991). Babble and 
first words in children with focal brain injury. Applied Psycholin-
guistics, 12(1), 1–22. https://doi.org/10.1017/S0142716400009358 

McCathren, R. B., Yoder, P. J., & Warren, S. F. (1999). The 
relationship between prelinguistic vocalization and later 
expressive vocabulary in young children with developmental 
delay. Journal of Speech, Language, and Hearing Research, 
42(4), 915–924. https://doi.org/10/gddc5k 

McCauley, R. J., & Strand, E. A. (2008). A review of standard-
ized tests of nonverbal oral and speech motor performance in 
children. American Journal of Speech-Language Pathology, 
17(1), 81–91. https://doi.org/10.1044/1058-0360(2008/007) 

McConkey, R., & Martin, H. (1984). A longitudinal study of 
mothers’ speech to preverbal Down’s Syndrome infants. First Lan-
guage, 5(13), 41–55. https://doi.org/10.1177/014272378400501303 
Long

Downloaded from: https://pubs.asha.org Michelle Altamura on 12/04/2024
McDaniel, J., & Gifford, R. H. (2020). Prelinguistic vocal devel-
opment in children with cochlear implants: A systematic 
review. Ear and Hearing, 41(5), 1064–1076. https://doi.org/10. 
1097/AUD.0000000000000829 

McIntyre, S., Morgan, C., Walker, K., & Novak, I. (2011). Cere-
bral palsy—Don’t delay. Developmental Disabilities Research 
Reviews, 17(2), 114–129. https://doi.org/10.1002/ddrr.1106 

Mei, C., Reilly, S., Bickerton, M., Mensah, F., Turner, S., 
Kumaranayagam, D., Pennington, L., Reddihough, D., & 
Morgan, A. T. (2020). Speech in children with cerebral palsy. 
Developmental Medicine and Child Neurology, 62(12), 1374– 
1382. https://doi.org/10.1111/dmcn.14592 

Mei, C., Reilly, S., Reddihough, D., Mensah, F., Pennington, L., 
& Morgan, A. (2016). Language outcomes of children with 
cerebral palsy aged 5 years and 6 years: A population-based 
study. Developmental Medicine and Child Neurology, 58(6), 
605–611. https://doi.org/10.1111/DMCN.12957 

Miller, L. E., Perkins, K. A., Dai, Y. G., & Fein, D. A. (2017). 
Comparison of parent report and direct assessment of child 
skills in toddlers. Research in Autism Spectrum Disorders, 41– 
42, 57–65. https://doi.org/10.1016/j.rasd.2017.08.002 

Moeller, M. P., Thomas, A. E., Oleson, J., & Ambrose, S. E. 
(2019). Validation of a parent report tool for monitoring early 
vocal stages in infants. Journal of Speech, Language, and 
Hearing Research, 62(7), 2245–2257. https://doi.org/10.1044/ 
2019_JSLHR-S-18-0485 

Moore, R. C., & Colyvas, K. (2018). The Infant Monitor of Vocal 
Production (IMP) normative study: Important foundations. Deaf-
ness & Education International, 20(3–4), 228–244. https://doi.org/10. 
1080/14643154.2018.1483098 

Morgan, C., Fetters, L., Adde, L., Badawi, N., Bancale, A., Boyd, 
R. N., Chorna, O., Cioni, G., Damiano, D. L., Darrah, J., de 
Vries, L. S., Dusing, S., Einspieler, C., Eliasson, A.-C., 
Ferriero, D., Fehlings, D., Forssberg, H., Gordon, A. M., 
Greaves, S., . . . Novak, I. (2021). Early intervention for chil-
dren aged 0 to 2 years with or at high risk of cerebral palsy: 
International clinical practice guideline based on systematic 
reviews. JAMA Pediatrics, 175(8), 846–858. https://doi.org/10. 
1001/jamapediatrics.2021.0878 

Morgan, L., & Wren, Y. E. (2018). A systematic review of the lit-
erature on early vocalizations and babbling patterns in young 
children. Communication Disorders Quarterly, 40(1), 3–14. 
https://doi.org/10.1177/1525740118760215 

Munn, Z., Peters, M. D. J., Stern, C., Tufanaru, C., McArthur, A., 
& Aromataris, E. (2018). Systematic review or scoping review? 
Guidance for authors when choosing between a systematic or 
scoping review approach. BMC Medical Research Methodology, 
18(1), Article 143. https://doi.org/10.1186/s12874-018-0611-x 

Muñoz-Arbeláez, A.-C., Jaimes-Cerveleón, L., & Fenández-
Ledesma, J.-D. (2019). Analysis of dispersion and principal 
component analysis of babblings’ signals from moderate preterm 
and term infants. In R. Damaševičius & G. Vasiljevienė (Eds.), 
Information and software technologies. ICIST 2019. Communi-
cations in computer and information science (Vol. 1078, pp. 333– 
342). Springer. https://doi.org/10.1007/978-3-030-30275-7_25 

Nathani, S., Ertmer, D. J., & Stark, R. E. (2006). Assessing vocal 
development in infants and toddlers. Clinical Linguistics & Pho-
netics, 20(5), 351–369. https://doi.org/10.1080/02699200500211451 

Nathani, S., & Oller, D. K. (2001). Beyond ba-ba and gu-gu: 
Challenges and strategies in coding infant vocalizations. 
Behavior Research Methods, Instruments, & Computers, 33(3), 
321–330. https://doi.org/10.3758/BF03195385 

Nordberg, A., Miniscalco, C., Lohmander, A., & Himmelmann, K. 
(2013). Speech problems affect more than one in two children
et al.: Infant Vocalization & Speech Motor Scoping Review 4453

, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 

https://doi.org/10.1044/2014_jslhr-s-13-0292
https://doi.org/10.1044/2014_jslhr-s-13-0292
https://doi.org/10.1080/026992099299077
https://doi.org/10.1080/026992099299077
https://doi.org/10.1542/peds.2019-3449
https://doi.org/10.3390/brainsci11050655
https://doi.org/10.3390/brainsci11050655
https://doi.org/10.1111/apa.13816
https://doi.org/10.1002/dev.420280103
https://doi.org/10.1080/0300443961260102
https://doi.org/10.1044/2020_JSLHR-20-00181
https://doi.org/10.1016/j.clp.2022.11.005
https://doi.org/10.1017/S0142716400009358
https://doi.org/10/gddc5k
https://doi.org/10.1044/1058-0360(2008/007)
https://doi.org/10.1177/014272378400501303
https://doi.org/10.1097/AUD.0000000000000829
https://doi.org/10.1097/AUD.0000000000000829
https://doi.org/10.1002/ddrr.1106
https://doi.org/10.1111/dmcn.14592
https://doi.org/10.1111/DMCN.12957
https://doi.org/10.1016/j.rasd.2017.08.002
https://doi.org/10.1044/2019_JSLHR-S-18-0485
https://doi.org/10.1044/2019_JSLHR-S-18-0485
https://doi.org/10.1080/14643154.2018.1483098
https://doi.org/10.1080/14643154.2018.1483098
https://doi.org/10.1001/jamapediatrics.2021.0878
https://doi.org/10.1001/jamapediatrics.2021.0878
https://doi.org/10.1177/1525740118760215
https://doi.org/10.1186/s12874-018-0611-x
https://doi.org/10.1007/978-3-030-30275-7_25
https://doi.org/10.1080/02699200500211451
https://doi.org/10.3758/BF03195385


with cerebral palsy: Swedish population-based study. Acta 
Paediatrica, 102(2), 161–166. https://doi.org/10.1111/apa.12076 

Novak, I., Morgan, C., Adde, L., Blackman, J., Boyd, R. N., 
Brunstrom-Hernandez, J., Cioni, G., Damiano, D., Darrah, J., 
Eliasson, A.-C., de Vries, L. S., Einspieler, C., Fahey, M., 
Fehlings, D., Ferriero, D. M., Fetters, L., Fiori, S., Forssberg, 
H., Gordon, A. M., . . . Badawi, N. (2017). Early, accurate 
diagnosis and early intervention in cerebral palsy: Advances 
in diagnosis and treatment. JAMA Pediatrics, 171(9), 897– 
907. https://doi.org/10.1001/jamapediatrics.2017.1689 

Nyman, A., & Lohmander, A. (2018). Babbling in children with 
neurodevelopmental disability and validity of a simplified way 
of measuring canonical babbling ratio. Clinical Linguistics & 
Phonetics, 32(2), 114–127. https://doi.org/10/gbvt2q 

Nyman, A., Strömbergsson, S., Lindström, K., Lohmander, A., & 
Miniscalco, C. (2021). Speech and language in 5-year-olds 
with different neurological disabilities and the association 
between early and later consonant production. Developmental 
Neurorehabilitation, 24(6), 408–417. https://doi.org/10.1080/ 
17518423.2021.1899327 

Nyman, A., Strömbergsson, S., & Lohmander, A. (2021). Canoni-
cal babbling ratio—Concurrent and predictive evaluation of 
the 0.15 criterion. Journal of Communication Disorders, 94, 
Article 106164. https://doi.org/10.1016/j.jcomdis.2021.106164 

Odding, E., Roebroeck, M. E., & Stam, H. J. (2006). The epide-
miology of cerebral palsy: Incidence, impairments and risk 
factors. Disability and Rehabilitation, 28(4), 183–191. https:// 
doi.org/10.1080/09638280500158422 

Oller, D. K. (1978). Infant vocalizations and the development of 
speech. Allied Health and Behavioral Sciences, 1, 523–549. 

Oller, D. K. (2000). The emergence of the speech capacity. 
Erlbaum. https://doi.org/10.4324/9781410602565 

Oller, D. K., Caskey, M., Yoo, H., Bene, E. R., Jhang, Y., Lee, 
C.-C., Bowman, D. D., Long, H. L., Buder, E. H., & Vohr, B. 
(2019). Preterm and full term infant vocalization and the ori-
gin of language. Scientific Reports, 9(1), Article 14734. https:// 
doi.org/10/gnzf8m 

Oller, D. K., Eilers, R. E., Neal, A. R., & Cobo-Lewis, A. B. 
(1998). Late onset canonical babbling: A possible early 
marker of abnormal development. American Journal on Men-
tal Retardation, 103(3), 249–263. https://doi.org/10.1352/0895-
8017(1998)103<0249:LOCBAP>2.0.CO;2 

Oller, D. K., Eilers, R. E., Neal, A. R., & Schwartz, H. K. 
(1999). Precursors to speech in infancy: The prediction of 
speech and language disorders. Journal of Communication Disor-
ders, 32(4), 223–245. https://doi.org/10.1016/s0021-9924(99)00013-1 

Oller, D. K., Griebel, U., Bowman, D. D., Bene, E. R., Long, 
H. L., Yoo, H., & Ramsay, G. (2020). Infant boys are more 
vocal than infant girls. Current Biology, 30(10), R426–R427. 
https://doi.org/10.1016/j.cub.2020.03.049 

Oller, D. K., Niyogi, P., Gray, S., Richards, J. A., Gilkerson, J., 
Xu, D., Yapanel, U., & Warren, S. F. (2010). Automated 
vocal analysis of naturalistic recordings from children with 
autism, language delay, and typical development. Proceedings 
of the National Academy of Sciences, 107(30), 13354–13359. 
https://doi.org/10.1073/pnas.1003882107 

Oller, D. K., Ramsay, G., Bene, E., Long, H. L., & Griebel, U. 
(2021). Protophones, the precursors to speech, dominate the 
human infant vocal landscape. Philosophical Transactions 
of the Royal Society B: Biological Sciences, 376(1836), Article 
20200255. https://doi.org/10.1098/rstb.2020.0255 

Oller, D. K., & Seibert, J. M. (1988). Babbling of prelinguistic 
mentally retarded children. American Journal of Mental Retar-
dation, 92(4), 369–375. 
• •4454 Journal of Speech, Language, and Hearing Research Vol. 66

Downloaded from: https://pubs.asha.org Michelle Altamura on 12/04/2024
Onnivello, S., Schworer, E. K., Daunhauer, L. A., & Fidler, D. J. 
(2021). Acquisition of cognitive and communication mile-
stones in infants with Down syndrome. Journal of Intellectual 
Disability Research, 67(3), 239–253. https://doi.org/10.1111/jir. 
12893 

Otapowicz, D., Sobaniec, W., Kułak, W., & Okurowska-Zawada, 
B. (2005). Time of cooing appearance and further develop-
ment of speech in children with cerebral palsy. Roczniki Aka-
demii Medycznej w Bialymstoku (1995), 50(Suppl. 1), 78–81. 

Overby, M., & Highman, C. (2021). The need for increased study 
of infants and toddlers later diagnosed with childhood apraxia 
of speech. Perspectives of the ASHA Special Interest Groups, 
6(4), 728–735. https://doi.org/10.1044/2021_PERSP-20-00202 

Pansy, J., Barones, C., Urlesberger, B., Pokorny, F. B., Bartl-
Pokorny, K. D., Verheyen, S., Marschik, P. B., & Einspieler, C. 
(2019). Early motor and pre-linguistic verbal development in 
Prader-Willi syndrome—A case report. Research in Developmen-
tal Disabilities, 88, 16–21. https://doi.org/10.1016/j.ridd.2019.01.012 

Paul, R., & Jennings, P. (1992). Phonological behavior in tod-
dlers with slow expressive language development. Journal of 
Speech and Hearing Research, 35(1), 99–107. https://doi.org/ 
10.1044/jshr.3501.99 

Pennington, L., Dave, M., Rudd, J., Hidecker, M. J. C., Caynes, 
K., & Pearce, M. S. (2020). Communication disorders in 
young children with cerebral palsy. Developmental Medicine 
and Child Neurology, 62(10), 1161–1169. https://doi.org/10. 
1111/dmcn.14635 

Peter, B., Potter, N., Davis, J., Donenfeld-Peled, I., Finestack, L., 
Stoel-Gammon, C., Lien, K., Bruce, L., Vose, C., Eng, L., 
Yokoyama, H., Olds, D., & VanDam, M. (2020). Toward a 
paradigm shift from deficit-based to proactive speech and lan-
guage treatment: Randomized pilot trial of the Babble Boot 
Camp in infants with classic galactosemia. F1000 Research, 8, 
Article 271. https://doi.org/10.12688/f1000research.18062.5 

Peters, M. D. J., Marnie, C., Tricco, A. C., Pollock, D., Munn, 
Z., Alexander, L., McInerney, P., Godfrey, C. M., & Khalil, 
H. (2020). Updated methodological guidance for the conduct 
of scoping reviews. JBI Evidence Synthesis, 18(10), 2119– 
2126. https://doi.org/10.11124/JBIES-20-00167 

Pokorny, F. B., Peharz, R., Roth, W., Zöhrer, M., Pernkopf, F., 
Marschik, P. B., & Schuller, B. W. (2016). Manual versus 
automated: The challenging routine of infant vocalisation seg-
mentation in home videos to study neuro(mal)development. 
Proceedings of Interspeech 2016, 2997–3001. https://doi.org/10. 
21437/Interspeech.2016-1341 

Pokorny, F. B., Schmitt, M., Egger, M., Bartl-Pokorny, K. D., 
Zhang, D., Schuller, B. W., & Marschik, P. B. (2022). Auto-
matic vocalisation-based detection of fragile X syndrome and 
Rett syndrome. Scientific Reports, 12(1), Article number 
13345. https://doi.org/10.1038/s41598-022-17203-1 

Pokorny, F. B., Schuller, B. W., Marschik, P. B., Brueckner, R., 
Nyström, P., Cummins, N., Bölte, S., Einspieler, C., & Falck-
Ytter, T. (2017). Earlier identification of children with autism 
spectrum disorder: An automatic vocalisation-based approach. 
Proceedings of Interspeech 2017, 309–313. https://doi.org/10. 
21437/Interspeech.2017-1007 

Poulson, C. L. (1988). Operant conditioning of vocalization rate 
of infants with Down syndrome. American Journal of Mental 
Retardation, 93(1), 57–63. 

Powell, G. F., & Low, J. (1983). Behavior in nonorganic failure 
to thrive. Journal of Developmental and Behavioral Pediatrics, 
4(1), 26–33. https://doi.org/10.1097/00004703-198303000-00006 

Ramsdell, H. L., Oller, D. K., Buder, E. H., Ethington, C. A., & 
Chorna, L. (2012). Identification of prelinguistic phonological
•4432–4460 November 2023

, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 

https://doi.org/10.1111/apa.12076
https://doi.org/10.1001/jamapediatrics.2017.1689
https://doi.org/10/gbvt2q
https://doi.org/10.1080/17518423.2021.1899327
https://doi.org/10.1080/17518423.2021.1899327
https://doi.org/10.1016/j.jcomdis.2021.106164
https://doi.org/10.1080/09638280500158422
https://doi.org/10.1080/09638280500158422
https://doi.org/10.4324/9781410602565
https://doi.org/10/gnzf8m
https://doi.org/10/gnzf8m
https://doi.org/10.1352/0895-8017(1998)103<0249:LOCBAP>2.0.CO;2
https://doi.org/10.1352/0895-8017(1998)103<0249:LOCBAP>2.0.CO;2
https://doi.org/10.1016/s0021-9924(99)00013-1
https://doi.org/10.1016/j.cub.2020.03.049
https://doi.org/10.1073/pnas.1003882107
https://doi.org/10.1098/rstb.2020.0255
https://doi.org/10.1111/jir.12893
https://doi.org/10.1111/jir.12893
https://doi.org/10.1044/2021_PERSP-20-00202
https://doi.org/10.1016/j.ridd.2019.01.012
https://doi.org/10.1044/jshr.3501.99
https://doi.org/10.1044/jshr.3501.99
https://doi.org/10.1111/dmcn.14635
https://doi.org/10.1111/dmcn.14635
https://doi.org/10.12688/f1000research.18062.5
https://doi.org/10.11124/JBIES-20-00167
https://doi.org/10.21437/Interspeech.2016-1341
https://doi.org/10.21437/Interspeech.2016-1341
https://doi.org/10.1038/s41598-022-17203-1
https://doi.org/10.21437/Interspeech.2017-1007
https://doi.org/10.21437/Interspeech.2017-1007
https://doi.org/10.1097/00004703-198303000-00006


categories. Journal of Speech, Language, and Hearing Research, 
55(6), 1626–1639. https://doi.org/10.1044/1092-4388(2012/11-0250) 

Romano, M., Kaiser, A., Lounds-Taylor, J., & Woods, J. (2020). 
Rates of prelinguistic communication and early symbol use 
in young children with Down syndrome: Using a progress-
monitoring tool to model growth. American Journal of 
Speech-Language Pathology, 29(1), 49–62. https://doi.org/10. 
1044/2019_ajslp-19-0016 

Ross, G. (1985). Use of the Bayley Scales to characterize abilities 
of premature infants. Child Development, 56(4), 835–842. 
https://doi.org/10.1111/j.1467-8624.1985.tb00156.x 

Rothbart, M. K., & Hanson, M. J. (1983). A caregiver report 
comparison of temperamental characteristics of Down Syn-
drome and normal infants. Developmental Psychology, 19(5), 
766–769. https://doi.org/10.1037/0012-1649.19.5.766 

Rvachew, S., Creighton, D., Feldman, N., & Sauve, R. (2005). 
Vocal development of infants with very low birth weight. 
Clinical Linguistics & Phonetics, 19(4), 275–294. https://doi. 
org/10.1080/02699200410001703457 

Sanchez, K., Spittle, A. J., Cheong, J. L., Thompson, D. K., 
Doyle, L. W., Anderson, P. J., & Morgan, A. T. (2019). Lan-
guage in 2-year-old children born preterm and term: A cohort 
study. Archives of Disease in Childhood, 104(7), 647–652. 
https://doi.org/10.1136/archdischild-2018-315843 

Schölderle, T., Haas, E., & Ziegler, W. (2021). Dysarthria syn-
dromes in children with cerebral palsy. Developmental Medi-
cine & Child Neurology, 63(4), 444–449. https://doi.org/10. 
1111/dmcn.14679 

Schölderle, T., Haas, E., & Zieglera, W. (2020). Age norms for 
auditory-perceptual neurophonetic parameters: A prerequisite 
for the assessment of childhood dysarthria. Journal of Speech, 
Language, and Hearing Research, 63(4), 1071–1082. https:// 
doi.org/10.1044/2020_JSLHR-19-00114 

Semenzin, C., Hamrick, L., Seidl, A., Kelleher, B. L., & Cristia, 
A. (2021). Describing vocalizations in young children: A big 
data approach through citizen science annotation. Journal of 
Speech, Language, and Hearing Research, 64(7), 2401–2416. 
https://doi.org/10.1044/2021_JSLHR-20-00661 

Shevell, M. I., Majnemer, A., Rosenbaum, P., & Abrahamowicz, 
M. (2001). Profile of referrals for early childhood developmental 
delay to ambulatory subspecialty clinics. Journal of Child Neurol-
ogy, 16(9), 645–650. https://doi.org/10.1177/088307380101600904 

Sim, J., & Wright, C. C. (2005). The kappa statistic in reliability 
studies: Use, interpretation, and sample size requirements. Physical 
Therapy, 85(3), 257–268. https://doi.org/10.1093/ptj/85.3.257 

Singh, L., & Singh, N. C. (2008). The development of articula-
tory signatures in children. Developmental Science, 11(4), 467– 
473. https://doi.org/10.1111/j.1467-7687.2008.00692.x 

Smith, A. L., & Hustad, K. C. (2015). AAC and early interven-
tion for children with cerebral palsy: Parent perceptions and 
child risk factors. Augmentative and Alternative Communication, 
31(4), 336–350. https://doi.org/10.3109/07434618.2015.1084373 

Smith, B. L., & Oller, D. K. (1981). A comparative study of pre-
meaningful vocalizations produced by normally developing 
and Down’s syndrome infants. Journal of Speech and Hearing 
Disorders, 46(1), 46–51. https://doi.org/10.1044/jshd.4601.46 

Smith, B. L., & Stoel-Gammon, C. (1996). A quantitative analysis 
of reduplicated and variegated babbling in vocalizations by 
Down syndrome infants. Clinical Linguistics & Phonetics, 
10(2), 119–129. https://doi.org/10.3109/02699209608985166 

Smith, L. (1987). The structure of ‘dialogue’ in early language 
development: Longitudinal case studies of down syndrome 
and nonretarded toddlers. Advances in Psychology, 46, 201– 
213. https://doi.org/10.1016/S0166-4115(08)60354-4 
Long

Downloaded from: https://pubs.asha.org Michelle Altamura on 12/04/2024
Soares, A. C. C., da Silva, K., & Zuanetti, P. A. (2017). Risk fac-
tors for language development associated with prematurity. 
Audiology—Communication Research, 22, Article e1745. https:// 
doi.org/10.1590/2317-6431-2016-1745 

Sohner, L., & Mitchell, P. (1991). Phonatory and phonetic char-
acteristics of prelinguistic vocal development in Cri Du Chat 
syndrome. Journal of Communication Disorders, 24, 13–20. 
https://doi.org/10.1016/0021-9924(91)90030-M 

Soleimani, F., Zaheri, F., & Abdi, F. (2014). Long-term neurode-
velopmental outcomes after preterm birth. Iranian Red Crescent Med-
ical Journal, 16(6), Article e17965. https://doi.org/10.5812/ircmj.17965 

Souza, A. C. F. S., Casais-e-Silva, L. L., & Sena, E. P. (2019). 
Description of the linguistic and neurological findings of twins born 
preterm at two years of age. Journal of Human Growth and Develop-
ment, 29(3), 338–345. https://doi.org/10.7322/jhgd.v29.9529 

Squires, J., & Bricker, D. (2009). Ages & Stages Questionnaires, Third Edi-
tion (ASQ-3): A parent completed child monitoring system. Brookes.  

Stark, R. E. (1980). Stages of speech development in the first 
year of life. In G. H. Yeni-Komshian, J. F. Kavanagh, & 
C. A. Ferguson (Eds.), Child phonology (pp. 73–90). Academic 
Press. https://doi.org/10.1016/B978-0-12-770601-6.50010-3 

Steffens, M. L., Oller, D. K., Lynch, M. P., & Urbano, R. C. 
(1992). Vocal development in infants with Down syndrome 
and infants who are developing normally. American Journal 
on Mental Retardation, 97(2), 235–246. 

Stoel-Gammon, C. (1989). Prespeech and early speech develop-
ment of two late talkers. First Language, 9(6), 207–223. 
https://doi.org/10.1177/014272378900900607 

Stolt, S., Lehtonen, L., Haataja, L., & Lapinleimu, H. (2012). 
Development and predictive value of early vocalizations in 
very-low-birth-weight children: A longitudinal study. Clinical 
Linguistics & Phonetics, 26(5), 414–427. https://doi.org/10. 
3109/02699206.2011.648365 

Suttora, C., & Salerni, N. (2011). Maternal speech to preterm 
infants during the first 2 years of life: Stability and change. Inter-
national Journal of Language and Communication Disorders, 
46(4), 464–472. https://doi.org/10.1111/j.1460-6984.2011.00007.x 

te Velde, A., Morgan, C., Novak, I., Tantsis, E., & Badawi, N. 
(2019). Early diagnosis and classification of cerebral palsy: 
An historical perspective and barriers to an early diagnosis. 
Journal of Clinical Medicine, 8(10), Article 1599. https://doi. 
org/10.3390/jcm8101599 

Thiemann-Bourque, K. S., Warren, S. F., Brady, N., Gilkerson, 
J., & Richards, J. A. (2014). Vocal interaction between chil-
dren with Down syndrome and their parents. American Jour-
nal of Speech-Language Pathology, 23(3), 474–485. https://doi. 
org/10.1044/2014_AJSLP-12-0010 

Törölä, H., Lehtihalmes, M., Heikkinen, H., Olsén, P., & 
Yliherva, A. (2012). Early vocalization of preterm infants with 
extremely low birth weight (ELBW), Part I: From birth to 
expansion stage. Clinical Linguistics & Phonetics, 26(4), 330– 
344. https://doi.org/10.3109/02699206.2011.636499 

Tricco, A. C., Lillie, E., Zarin, W., O’Brien, K. K., Colquhoun, 
H., Levac, D., Moher, D., Peters, M. D. J., Horsley, T., 
Weeks, L., Hempel, S., Akl, E. A., Chang, C., McGowan, J., 
Stewart, L., Hartling, L., Aldcroft, A., Wilson, M. G., 
Garritty, C., . . . Straus, S. E. (2018). PRISMA extension for 
scoping reviews (PRISMA-ScR): Checklist and explanation. 
Annals of Internal Medicine, 169(7), 467–473. https://doi.org/ 
10.7326/M18-0850 

Ward, R., Hennessey, N., Barty, E., Elliott, C., Valentine, J., & 
Cantle Moore, R. (2022). Clinical utilisation of the Infant Moni-
tor of Vocal Production (IMP) for early identification of commu-
nication impairment in young infants at-risk of cerebral palsy: A
et al.: Infant Vocalization & Speech Motor Scoping Review 4455

, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 

https://doi.org/10.1044/1092-4388(2012/11-0250)
https://doi.org/10.1044/2019_ajslp-19-0016
https://doi.org/10.1044/2019_ajslp-19-0016
https://doi.org/10.1111/j.1467-8624.1985.tb00156.x
https://doi.org/10.1037/0012-1649.19.5.766
https://doi.org/10.1080/02699200410001703457
https://doi.org/10.1080/02699200410001703457
https://doi.org/10.1136/archdischild-2018-315843
https://doi.org/10.1111/dmcn.14679
https://doi.org/10.1111/dmcn.14679
https://doi.org/10.1044/2020_JSLHR-19-00114
https://doi.org/10.1044/2020_JSLHR-19-00114
https://doi.org/10.1044/2021_JSLHR-20-00661
https://doi.org/10.1177/088307380101600904
https://doi.org/10.1093/ptj/85.3.257
https://doi.org/10.1111/j.1467-7687.2008.00692.x
https://doi.org/10.3109/07434618.2015.1084373
https://doi.org/10.1044/jshd.4601.46
https://doi.org/10.3109/02699209608985166
https://doi.org/10.1016/S0166-4115(08)60354-4
https://doi.org/10.1590/2317-6431-2016-1745
https://doi.org/10.1590/2317-6431-2016-1745
https://doi.org/10.1016/0021-9924(91)90030-M
https://doi.org/10.5812/ircmj.17965
https://doi.org/10.7322/jhgd.v29.9529
https://doi.org/10.1016/B978-0-12-770601-6.50010-3
https://doi.org/10.1177/014272378900900607
https://doi.org/10.3109/02699206.2011.648365
https://doi.org/10.3109/02699206.2011.648365
https://doi.org/10.1111/j.1460-6984.2011.00007.x
https://doi.org/10.3390/jcm8101599
https://doi.org/10.3390/jcm8101599
https://doi.org/10.1044/2014_AJSLP-12-0010
https://doi.org/10.1044/2014_AJSLP-12-0010
https://doi.org/10.3109/02699206.2011.636499
https://doi.org/10.7326/M18-0850
https://doi.org/10.7326/M18-0850


prospective cohort study. Developmental Neurorehabilitation, 
25(2), 101–114. https://doi.org/10.1080/17518423.2021.1942280 

Warren, S. F., Gilkerson, J., Richards, J. A., Oller, D. K., Xu, 
D., Yapanel, U., & Gray, S. (2010). What automated vocal 
analysis reveals about the vocal production and language 
learning environment of young children with autism. Journal 
of Autism and Developmental Disorders, 40(5), 555–569. 
https://doi.org/10.1007/s10803-009-0902-5 

Wilson, E. M., Abbeduto, L., Camarata, S. M., & Shriberg, L. D. 
(2019). Estimates of the prevalence of speech and motor 
speech disorders in adolescents with Down syndrome. Clinical 
Linguistics & Phonetics, 33(8), 772–789. https://doi.org/10. 
1080/02699206.2019.1595735 

Wolters, P. L., Gropman, A. L., Martin, S. C., Smith, M. R., 
Hildenbrand, H. L., Brewer, C. C., & Smith, A. C. (2009). 
Neurodevelopment of children under 3 years of age with 
Smith-Magenis syndrome. Pediatric Neurology, 41(4), 250– 
258. https://doi.org/10.1016/j.pediatrneurol.2009.04.015 

Yankowitz, L. D., Schultz, R. T., & Parish-Morris, J. (2019). Pre-
and paralinguistic vocal production in ASD: Birth through 
school age. Current Psychiatry Reports, 21(12), Article 126. 
https://doi.org/10.1007/s11920-019-1113-1 
• •4456 Journal of Speech, Language, and Hearing Research Vol. 66

Downloaded from: https://pubs.asha.org Michelle Altamura on 12/04/2024
Yoder, P. J., Woynaroski, T., Fey, M. E., Warren, S. F., & 
Gardner, E. (2015). Why dose frequency affects spoken vocab-
ulary in preschoolers with Down syndrome. American Journal 
of Intellectual and Developmental Disabilities, 120(4), 302–314. 
https://doi.org/10.1352/1944-7558-120.4.302 

Zampini, L., Lorini, A., Silibello, G., Zanchi, P., Dall’ara, F., 
Ajmone, P. F., Monti, F., Lalatta, F., Costantino, M. A., & 
Vizziello, P. G. (2022). Language development in the second 
year of life: the case of children with sex chromosome triso-
mies diagnosed before birth. International Journal of Environ-
mental Research and Public Health, 19(3). https://doi.org/10. 
3390/ijerph19031831 

Zhang, J. Y., Oskoui, M., & Shevell, M. (2015). A population-
based study of communication impairment in cerebral palsy. 
Journal of Child Neurology, 30(3), 277–284. https://doi.org/10. 
1177/0883073814538497 

Zuccarini, M., Guarini, A., Iverson, J. M., Benassi, E., Savini, S., 
Alessandroni, R., Faldella, G., & Sansavini, A. (2018). Does 
early object exploration support gesture and language devel-
opment in extremely preterm infants and full-term infants? 
Journal of Communication Disorders, 76, 91–100. https://doi. 
org/10.1016/j.jcomdis.2018.09.004
•4432–4460 November 2023

, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 

https://doi.org/10.1080/17518423.2021.1942280
https://doi.org/10.1007/s10803-009-0902-5
https://doi.org/10.1080/02699206.2019.1595735
https://doi.org/10.1080/02699206.2019.1595735
https://doi.org/10.1016/j.pediatrneurol.2009.04.015
https://doi.org/10.1007/s11920-019-1113-1
https://doi.org/10.1352/1944-7558-120.4.302
https://doi.org/10.3390/ijerph19031831
https://doi.org/10.3390/ijerph19031831
https://doi.org/10.1177/0883073814538497
https://doi.org/10.1177/0883073814538497
https://doi.org/10.1016/j.jcomdis.2018.09.004
https://doi.org/10.1016/j.jcomdis.2018.09.004


Appendix A (p. 1 of 2) 

Search Terms 

Original Searches run on November 14, 2021 
PubMed 
(“Cerebral Palsy”[mesh] OR “Down Syndrome”[mesh] OR “Chromosome Disorders”[mesh] OR “Apraxias”[mesh] OR 

“Speech Disorders”[mesh] OR mental-retardation[tiab] OR (apraxi*[tiab] OR dyspraxi*[tiab] OR dysarthri*[tiab] OR CP[tiab] OR 
trisomy-21[tiab] OR mongolism[tiab] OR oral-motor[tiab] OR infant-motor[tiab] OR CBR[tiab] OR MBL[tiab] OR SAEVD-R[tiab] 
OR VDLI[tiab] OR IMP[tiab] OR CAS[tiab] OR cerebral-pals*[tiab] OR ((motor[tiab] OR developmental*[tiab] OR neurodevelop-
mental*[tiab] OR speech[tiab] OR vocal[tiab] OR voice[tiab] OR chromosom*[tiab]) AND (disease*[tiab] OR disorder*[tiab] OR 
disabilit*[tiab] OR impairment*[tiab] OR delay[tiab] OR delays[tiab] OR deficit*[tiab] OR handicap*[tiab])) OR ((little*[tiab]) AND 
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(TITLE-ABS-KEY(((mental W/3 retardation)) OR (cerebral W/3 pals*) OR ((oral OR infant*) W/5 (motor)) OR (trisomy-21 OR 
mongolism OR apraxi* OR dyspraxi* OR dysarthri* OR CP OR CBR OR MBL OR SAEVD-R OR VDLI OR IMP OR CAS OR 
((motor OR developmental* OR neurodevelopmental* OR speech OR vocal OR voice OR chromosom*) W/5 (disease* OR dis-
order* OR disabilit* OR impairment* OR delay OR delays OR deficit* OR handicap*)) OR ((little*) W/3 (disease*)) OR ((down 
OR down-s OR downs OR prader-willi OR cri-du-chat* OR crying-cat OR angelman* OR 22q11*) W/3 (syndrome*))))) 

AND (TITLE-ABS-KEY((((speech OR language OR vocal OR articulation) W/5 (development*)) OR babbl* OR cooing OR 
expansion-stage* OR jargon* OR prelinguist* OR pre-linguist* OR preverbal* OR pre-verbal* OR prespeech* OR pre-
speech*))) 

AND (TITLE-ABS-KEY(infant* OR infanc* OR baby OR babies OR newborn* OR new-born* OR neonate* OR neo-nate* 
OR neonatal* OR neo-natal*)) 

Web of Science (Science Citation Index Expanded [SCI-EXPANDED], Social Sciences Citation Index (SSCI), Con-
ference Proceedings Citation Index–Science [CPCI-S], Conference Proceedings Citation Index–Social Science & 
Humanities [CPCI-SSH], Emerging Sources Citation Index [ESCI]) 

(TS = ((mental NEAR/3 retardation) OR ((cerebral) NEAR/3 (pals*)) OR ((oral OR infant*) NEAR/5 (motor)) OR (trisomy-21 
OR mongolism OR apraxi* OR dyspraxi* OR dysarthri* OR CP OR CBR OR MBL OR SAEVD-R OR VDLI OR IMP OR CAS 
OR ((motor OR developmental* OR neurodevelopmental* OR speech OR vocal OR voice OR chromosom*) NEAR/5 (disease* 
OR disorder* OR disabilit* OR impairment* OR delay OR delays OR deficit* OR handicap*)) OR ((little*) NEAR/3 (disease*)) OR 
((down OR down-s OR downs OR prader-willi OR cri-du-chat* OR crying-cat OR angelman* OR 22q11*) NEAR/3 
(syndrome*))))) 

AND (TS = ((((speech OR language OR vocal* OR articulation*) NEAR/5 (development*)) OR babbl* OR cooing OR expan-
sion-stage* OR jargon* OR prelinguist* OR pre-linguist* OR preverbal* OR pre-verbal* OR prespeech* OR pre-speech*))) 

AND (TS = (infant* OR infanc* OR baby OR babies OR newborn* OR new-born* OR neonate* OR neo-nate* OR neonatal* 
OR neo-natal*)) 

CINAHL Plus with Full-Text (Elsevier) 

((MH (“Cerebral Palsy” OR “Down Syndrome” OR “Chromosome Disorders+” OR “Apraxia+” OR “Speech Disorders+”) 
OR TI ((mental N3 retardation) OR (cerebral N3 pals*) OR ((oral OR infant*) N3 (motor) OR trisomy-21 OR mongolism OR 
apraxi* OR dysprax* OR dysarthri* OR CP OR CBR OR MBL OR SAEVD-R OR VDLI OR IMP OR CAS OR ((motor OR devel-
opmental* OR neurodevelopmental* OR speech OR vocal OR voice OR chromosom*) N5 (disease* OR disorder* OR disabilit* 
OR impairment* OR delay OR delays OR deficit* OR handicap*)))) OR ((little*) N3 (disease*)) OR ((down OR down-s OR downs 
OR prader-willi OR cri-du-chat* OR crying-cat OR angelman* OR 22q11*) N3 (syndrome*))) OR AB ((mental N3 retardation) 
OR (cerebral N3 pals*) OR ((oral OR infant*) N3 (motor) OR trisomy-21 OR mongolism OR apraxi* OR dysprax* OR dysarthri* 
OR CP OR CBR OR MBL OR SAEVD-R OR VDLI OR IMP OR CAS OR ((motor OR developmental* OR neurodevelopmental* 
OR speech OR vocal OR voice OR chromosom*) N5 (disease* OR disorder* OR disabilit* OR impairment* OR delay OR 
delays OR deficit* OR handicap*)))) OR ((little*) N3 (disease*)) OR ((down OR down-s OR downs OR prader-willi OR cri-du-
chat* OR crying-cat OR angelman* OR 22q11*) N3 (syndrome*)))) AND (MH (“Language Development”) OR TI ((speech OR 
language OR vocal OR articulation) N5 (development*) OR babbl* OR cooing OR expansion-stage* OR jargon* OR prelin-
guist* OR pre-linguist* OR preverbal* OR pre-verbal* OR prespeech* OR pre-speech*) OR AB ((speech OR language OR 
vocal* OR articulation*) N5 (development*) OR babbl* OR cooing OR expansion-stage* OR jargon* OR prelinguist* OR pre-lin-
guist* OR preverbal* OR pre-verbal* OR prespeech* OR pre-speech*)) AND (MH “Infant+” OR TI (infant* OR infanc* OR baby 
OR babies OR newborn* OR new-born* OR neonate* OR neo-nate*) OR AB (infant* OR infanc* OR baby OR babies OR new-
born* OR new-born* OR neonate* OR neo-nate* OR neonatal* OR neo-natal*))) 

Revised and updated searches run on 5/12/22
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Search Terms

• • •

PubMed 

(“Hypoxia Ischemia, Brain”[MeSH] OR “Stroke”[mesh] OR “Brain Injuries”[mesh] OR “Neuroinflammatory Diseases”[mesh] 
OR “Central Nervous System Vascular Malformations”[Mesh] OR “Infant, Extremely Premature”[Mesh] OR “Infant, Low Birth 
Weight”[Mesh] OR “Apgar Score”[mesh] OR (HIE[tiab] OR hypoxia*[tiab] OR hypoxic[tiab] OR stroke*[tiab] OR apoplex*[tiab] 
OR CVA[tiab] OR meningit*[tiab] OR encephal*[tiab] OR meningoencephal*[tiab] OR ventriculit*[tiab] OR arachnoidit*[tiab] OR 
neuroinflammatory[tiab] OR neuro-inflammatory[tiab] OR apgar[tiab] OR ((extreme*[tiab]) AND (prematur*[tiab] OR preterm*[-
tiab] OR pre-term*[tiab] OR preemie*[tiab])) OR ((low-birth[tiab]) AND (weight*[tiab])) OR ((cerebral[tiab] OR dural[tiab] OR cere-
brovascular[tiab] OR cerebro-vascular[tiab] OR brain[tiab] OR central-nervous[tiab] OR CNS[tiab]) AND (accident*[tiab] OR 
damage*[tiab] OR injur*[tiab] OR infection*[tiab] OR inflammation*[tiab] OR malform*[tiab] OR anomaly[tiab] OR anomalies[tiab] 
OR abnormalit*[tiab] OR fistula*[tiab])))) AND (“Language Development”[mesh] OR (((speech[tiab] OR language[tiab] OR 
vocal*[tiab] OR articulation*[tiab]) AND (development*[tiab])) OR babbl*[tiab] OR cooing[tiab] OR expansion-stage*[tiab] OR jar-
gon*[tiab] OR prelinguist*[tiab] OR pre-linguist*[tiab] OR preverbal*[tiab] or pre-verbal*[tiab] OR prespeech*[tiab] OR pre-
speech*[tiab])) 

AND (“Infant”[mesh] OR infant*[tiab] OR infanc*[tiab] OR baby[tiab] OR babies[tiab] OR newborn*[tiab] OR new-born*[tiab] 
OR neonate*[tiab] OR neo-nate*[tiab] OR neonatal*[tiab] OR neo-natal*[tiab]) 

Scopus (Elsevier) 

(TITLE-ABS-KEY(HIE OR hypoxia* OR hypoxic OR stroke* OR apoplex* OR CVA OR meningit* OR encephal* OR menin-
goencephal* OR ventriculit* OR arachnoidit* OR neuroinflammatory OR neuro-inflammatory OR apgar OR ((extreme*) AND 
(prematur* OR preterm* OR pre-term* OR preemie*)) OR ((low-birth) AND (weight*)) OR ((cerebral OR dural OR cerebrovascu-
lar OR cerebro-vascular OR brain OR central-nervous OR CNS) AND (accident* OR damage* OR injur* OR infection* OR 
inflammation* OR malform* OR anomaly OR anomalies OR abnormalit* OR fistula*)))) AND (TITLE-ABS-KEY((((speech OR lan-
guage OR vocal OR articulation) W/5 (development*)) OR babbl* OR cooing OR expansion-stage* OR jargon* OR prelinguist* 
OR pre-linguist* OR preverbal* OR pre-verbal* OR prespeech* OR pre-speech*))) 

AND (TITLE-ABS-KEY(infant* OR infanc* OR baby OR babies OR newborn* OR new-born* OR neonate* OR neo-nate* 
OR neonatal* OR neo-natal*)) 

Web of Science (Science Citation Index Expanded [SCI-EXPANDED], Social Sciences Citation Index (SSCI), Con-
ference Proceedings Citation Index–Science [CPCI-S], Conference Proceedings Citation Index–Social Science & 
Humanities [CPCI-SSH], Emerging Sources Citation Index [ESCI]) 

(TS = (HIE OR hypoxia* OR hypoxic OR stroke* OR apoplex* OR CVA OR meningit* OR encephal* OR meningoencephal* 
OR ventriculit* OR arachnoidit* OR neuroinflammatory OR neuro-inflammatory OR apgar OR ((extreme*) AND (prematur* OR 
preterm* OR pre-term* OR preemie*)) OR ((low-birth) AND (weight*)) OR ((cerebral OR dural OR cerebrovascular OR cerebro-
vascular OR brain OR central-nervous OR CNS) AND (accident* OR damage* OR injur* OR infection* OR inflammation* OR 
malform* OR anomaly OR anomalies OR abnormalit* OR fistula*)))) AND (TS = ((((speech OR language OR vocal* OR articula-
tion*) NEAR/5 (development*)) OR babbl* OR cooing OR expansion-stage* OR jargon* OR prelinguist* OR pre-linguist* OR 
preverbal* OR pre-verbal* OR prespeech* OR pre-speech*))) 

AND (TS = (infant* OR infanc* OR baby OR babies OR newborn* OR new-born* OR neonate* OR neo-nate* OR neonatal* 
OR neo-natal*)) 

CINAHL Plus with Full Text 

((MH (“Hypoxia-Ischemia, Brain+” OR “Stroke+” OR “Brain Injuries+” OR “Central Nervous System Infections+” OR 
“Infant, Premature” OR “Infant, Low Birth Weight” OR “Apgar Score”) OR TI (HIE OR hypoxia* OR hypoxic OR stroke* OR 
apoplex* OR CVA OR meningit* OR encephal* OR meningoencephal* OR ventriculit* OR arachnoidit* OR neuroinflammatory 
OR neuro-inflammatory OR apgar) OR AB (HIE OR hypoxia* OR hypoxic OR stroke* OR apoplex* OR CVA OR meningit* OR 
encephal* OR meningoencephal* OR ventriculit* OR arachnoidit* OR neuroinflammatory OR neuro-inflammatory OR apgar) 
OR TI ((extreme*) AND (prematur* OR preterm* OR pre-term* OR preemie*)) OR AB ((extreme*) AND (prematur* OR preterm* 
OR pre-term* OR preemie*)) OR TI ((low-birth) AND (weight*)) OR AB ((low-birth) AND (weight*)) OR TI ((cerebral OR dural OR 
cerebrovascular OR cerebro-vascular OR brain OR central-nervous OR CNS) AND (accident* OR damage* OR injur* OR 
infection* OR inflammation* OR malform* OR anomaly OR anomalies OR abnormalit* OR fistula*)) OR AB ((cerebral OR dural 
OR cerebrovascular OR cerebro-vascular OR brain OR central-nervous OR CNS) AND (accident* OR damage* OR injur* OR 
infection* OR inflammation* OR malform* OR anomaly OR anomalies OR abnormalit* OR fistula*))) AND(MH (“Language 
Development”) OR TI ((speech OR language OR vocal OR articulation) N5 (development*) OR babbl* OR cooing OR expan-
sion-stage* OR jargon* OR prelinguist* OR pre-linguist* OR preverbal* OR pre-verbal* OR prespeech* OR pre-speech*) OR 
AB ((speech OR language OR vocal* OR articulation*) N5 (development*) OR babbl* OR cooing OR expansion-stage* OR jar-
gon* OR prelinguist* OR pre-linguist* OR preverbal* OR pre-verbal* OR prespeech* OR pre-speech*)) AND (MH “Infant+” OR 
TI (infant* OR infanc* OR baby OR babies OR newborn* OR new-born* OR neonate* OR neo-nate*) OR AB (infant* OR infanc* 
OR baby OR babies OR newborn* OR new-born* OR neonate* OR neo-nate* OR neonatal* OR neo-natal*)))
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Appendix B (p. 1 of 2) 

MMAT Consensus Ratings for 7 Quantitative Descriptive Studies 

Study 

Screening questions Nonrandomized studies 

Quality 
judgment (high, 

mod., low) 

S1. Are there 
clear research 
questions? 

S2. Do the 
collected data 

allow to 
address the 
research 
questions? 

Are the 
participants 

representative 
of the target 
population? 

Are 
measurements 
appropriate 

regarding both 
the outcome 

and intervention 
(or exposure)? 

Are there 
complete 

outcome data? 

Are the 
confounders 
accounted for 
in the design 
and analysis? 

During the 
study period, is 
the intervention 
administered (or 

exposure 
occurred) as 
intended? 

Benassi et al. (2016) Y Y Y Y Y Y Y High 

Nyman & Lohmander 
(2018) 

Y Y Y Y Y Y Y High 

Rvachew et al. (2005) Y Y Y Y Y Y Y High 

Stolt et al. (2012) Y Y Y Y N Y Y High 

Töröla et al. (2012) Y Y Y Y Y Y Y High 

Ward et al. (2022) Y Y Y Y Y Y Y High 

Zuccarini et al. (2018) Y Y Y Y Y Y Y High 

Brown et al. (1986) N Y Y U Y U U Mod. 

Brown & Ruder (1995) Y Y Y N Y U U Mod. 

Eilers et al. (1993) Y U Y U Y Y Y Mod. 

Jensen et al. (1988) Y Y Y U U Y Y Mod. 

Largo et al. (1986) Y Y U N Y Y Y Mod. 

Marchman et al. (1991) Y Y Y N Y N Y Mod. 

Oller & Seibert (1988) U Y Y Y Y Y Y Mod. 

Oller et al. (1998) U Y U Y N Y Y Mod. 

Oller et al. (1999) N Y U Y Y U Y Mod. 

Ross (1985) Y Y Y N Y Y Y Mod. 

Gec (2007) N U U N Y N N Low 

Goggin et al. (1978) Y N Y N Y N Y Low 

Hulme et al. (1989) Y N N N Y Y U Low 

Jennische & Sedin (1999) Y U Y N Y N N Low 

Muñoz-Arbeláez et al. 
(2019) 

N U N N Y N U Low  

Note. Y = yes; N = no; U = unclear; Mod. = moderate. 
MMAT Consensus Ratings for 22 Quantitative Nonrandomized Studies.
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MMAT Consensus Ratings for 7 Quantitative Descriptive Studies

Study 

Screening questions Quantitative descriptive studies 

Quality 
judgment (high, 

mod., low) 

S1. Are there 
clear research 
questions? 

S2. Do the 
collected 

data allow to 
address the 
research 
questions? 

Is the sampling 
strategy 

relevant to 
address the 
research 
question? 

Is the sample 
representative 
of the target 
population? 

Are the measurements 
appropriate? 

Is the risk of 
nonresponse 
bias low? 

Is the statistical 
analysis 

appropriate 
to answer the 

research 
question? 

Levin  (1999) Y Y Y Y Y Y Y High  

Lohmander et al. 
(2017) 

Y Y Y Y Y Y Y High  

McCathren et al. 
(1999) 

Y Y Y Y Y Y Y High  

Nyman, 
Strömbergsson, 
Lindström, et al. 
(2021) 

Y Y Y Y Y Y Y High  

Suttora & Salerni 
(2011) 

U Y Y Y U Y Y Mod.  

Otapowicz et al. 
(2005) 

Y N Y Y N N N Low 

Powell & Low 
(1983) 

N U N Y N U U Low  

Note. Y = yes; N = no; U = unclear; Mod. = moderate.
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