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The aim of the study is to analyze prelexical speech development in young
children with a different socio-economic status (SES): children from low
SES backgrounds (lowSES) are compared with mid-to-high SES (mhSES)
children. Timing of the onset of babbling and the consonantal development
in consonant-vowel (cv) syllables are investigated. Result show that lowSES
children reach the babbling onset milestone significantly later than mhSES
children. In addition, they use different consonant types in their cv-
syllables: they use more glides, but fewer stops, nasals, fricatives, and liq-
uids. These early differences between children of different backgrounds
seem to be in line with the literature on SES differences later on in life.
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1. Introduction

Well before children start to produce their first words, prelexical utterances
already appear in their vocal repertoire. Prelexical utterances are all nonconven-
tional vocalizations in children’s vocal output (Stoel-Gammon & Cooper, 1984),
excluding vegetative sounds such as burping and sneezing, comfort sounds such
as laughing, and distress sounds such as crying. During the first year of life,
prelexical utterances become more complex and more mature, with canonical
babbles as culminating point of prelexical development (Koopmans-Van Beinum
& Van der Stelt, 1986; Nakazima, 1975; Nathani, Ertmer, & Stark, 2006; Oller,
1980, 2000; Stark, 1980). Canonical babbling is defined as the production of
a sequence of well-formed consonant-vowel syllables (cv-syllables), that sound
adult-like (Oller, 2000). The onset of canonical babbling is a crucial milestone in
children’s vocal development: it is considered to be a precursor of conventional
words.
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Babbling is a robust phenomenon in children’s vocal development and a later
onset is considered to be a marker of possible language delay (Lohmander, Holm,
Eriksson, & Lieberman, 2017; Oller, Eilers, Neal, & Schwartz, 1999; Oller, Eilers,
Neal, & Cobo-Lewis, 1998). There is a consensus that babbling takes off between
6 and 11 months of age in typically developing children (Molemans, Van den Berg,
Van Severen, & Gillis, 2012; Oller, 2000; Roug, Landberg, & Lundberg, 1989). In
other groups of children, however, a delayed onset of babbling has been observed.
For instance, the onset of babbling in children with a hearing impairment is con-
siderably later in comparison with their normally hearing peers (Koopmans-Van
Beinum, Clement, & Van den Dikkenberg-Pot, 2001; Oller & Eilers, 1988; Oller,
Eilers, Bull, & Carney, 1985), even if they received a cochlear implant early in
life (Molemans, 2011). Children with Down syndrome also show a later onset of
babbling than typically developing children (Lynch et al., 1995). Also, in other
developmental disorders, autism spectrum disorder, Rett syndrome, and fragile
X syndrome, there is a delayed onset of canonical babbling (Lang et al., 2019).
Thus, there is a fairly limited time window in which most children start babbling,
though particular groups exhibit (extensive) delays in the onset of babbling.

Canonical babbles contain high frequencies of stops, nasals and glides (e.g.
Locke, 1980, 1983; Stoel-Gammon & Cooper, 1984; Vihman, Macken, Miller,
Simmons, & Miller, 1985). Even though these manners of articulation are found
in high frequencies across languages, evidence suggests that the ambient language
influences children’s babbled sounds (MacNeilage & Davis, 2000; MacNeilage,
Davis, Kinney, & Matyear, 2000; Thevenin, Eilers, Oller, & Lavaoie, 1985). For
instance, Brown (1958) showed that children’s babbling approaches the ambient
adult language over time. Similarly, De Boysson-Bardies and Vihman (1991)
showed that the sound patterns of the ambient language are reflected in children’s
babbles. Velleman and Vihman (2002) showed that these ambient language effects
appear also in first word productions, pointing to continuity between the sounds
in babbling and in first words. Babbling predicts first words in children
(McGillion et al., 2017). Various aspects have been shown to be influenced bab-
bling. For instance in terms of phonemic context, both children’s babbles and
first word productions contain high frequencies of stops, nasals and glides (e.g.;
Locke, 1989; Stoel-Gammon, 1998, Van Severen, 2012). But also the timing of bab-
bling is predictive. For instance Keren-Portnoy, Majorano, and Vihman (2009)
showed that children who produced fewer typical canonical babbling consonant-
vowel occurrences also had a later onset of meaningful words.

In other words, children learn the statistically frequent patterns in the input
language from a very young age onwards (e.g. Johnson & Siedl, 2009; Swingley,
2005; Werker & Tees, 1984). Detailed analyses of these continuity patterns have
revealed that individual differences in babbling are reflected into individual dif-
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ferences in word use (e.g. Elbers & Ton, 1985; Keren-Portnoy et al., 2009; Vihman,
2019). So, there is a close relationship between babbles, first words and the input
language, that is shown even at the individual level of the child. Moreover, there is
increasing evidence that babbling complexity can even be a diagnostic marker for
speech and language development later on (e.g. Fasolo, Majorano, & D’Odorico,
2008; Stoel-Gammon, 1992).

2. The role of SES in language development

Despite the interindividual variation, there are some factors that appear to affect
language development, and the timing of the onset of babbling, in a more general
way. Child-related factors include for instance hearing impairment or the pres-
ence of particular symptoms, such as Down, as noted in the previous section.
These factors are related to a later onset of babbling, but also to other delays in
language development (e.g. Faes, Gillis, & Gillis (2016) for children with cochlear
implants’ speech accuracy). Another factor that is often linked to slower or even
delayed language development is socio-economic status (SES).

It has been shown that there are striking differences in the language envi-
ronment of children with different SES backgrounds (e.g. Hart & Risley, 1995;
Vanormelingen & Gillis, 2016). The language environment of children from lower
SES backgrounds (lowSES) is much poorer than that of children from mid-to-
high SES backgrounds (mhSES), as became evident as what is now generally
known as the “30 million word gap” (Hart & Risley, 2003, i.e. lowSES children
hear 30 million fewer words by age four, counted cumulatively over four-year-
old’s lifetime). Vanormelingen and Gillis (2016) showed that not only the quantity
but also the quality of child-directed speech (e.g., the incidence of parental con-
tingent speech) was poorer for children in lowSES environments as compared to
children in mhSES environments. Since the amount and quality of input is closely
related to children’s own language development (Goldstein, King, & West, 2003;
Goldstein & Schwade, 2008; Hart & Risley, 1995; Hirsh-Pasek et al., 2015; Hoff
& Naigles, 2002; Huttenlocher, Haight, Bryk, Seltzer, & Lyons, 1991; Rowe, 2018;
Weisleder & Fernald, 2013), it may not be surprising that significant differences
between children of different SES backgrounds have been found in several lin-
guistic domains, including vocabulary and grammar (for a review, see e.g. Hoff,
2003; Rowe, 2018).

The amount of speech and the diversity of the input predict children’s own
receptive and expressive vocabulary size at later ages (Hoff, 2003; Hoff-Ginsberg,
1998; Huttenlocher et al., 1991; Pan, Rowe, Singer, & Snow, 2005; Rowe, 2008,
2018). In addition, children with more talkative caregivers acquire new words
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faster (Huttenlocher et al., 1991). In other words, the richer the input, the better
later lexical outcomes. Also, children of mhSES backgrounds produce more com-
plex utterances and use a greater variety of syntactic structures in spontaneous
interactions than children from lowSES backgrounds (Huttenlocher, Waterfall,
Vasilyeva, Vevea, & Hedges, 2010). Moreover, two-year old lowSES children have
smaller expressive vocabularies than their mhSES peers (Weisleder & Fernald,
2013). In other words, already by the age of two, lowSES children produce con-
siderably fewer distinct words than their mhSES peers. Fernald, Marchman and
Weisleder (2013) also showed that there are already significant differences in
vocabulary and language processing efficiency of mhSES and lowSES children at
the age of one and a half. And, by the age of two, there was a 6-month gap between
SES groups in processing skills that are critical in language development (Fernald
et al., 2013).

This gap between children of lowSES and mhSES backgrounds has been
traced to a much earlier point in life. In an investigation of foundational preverbal
skills and behaviors necessary for emerging communication, including gestures,
vocalizations, sound perception and recognition, Betancourt, Brodsky and Hurt
(2015) found differences between lowSES and mhSES girls at 7 months of age. In
a similar vein, Wild, Betancourt, Brodsky and Hurt (2013) suggest that the effect
of SES on expressive and receptive language of preterm infants (i.e. their ability
to communicate with words and gestures and their ability to comprehend and
respond appropriately to words and requests) appears already earlier in life than
previously reported (i.e. from word use onwards, e.g. Hoff, 2003).

3. SES and babbling

Given these early SES related differences, we expect to find differences attribut-
able to SES as well for a specific vocal milestone, viz. the onset of canonical bab-
bling. However, children of somewhat lower SES backgrounds apparently do not
babble substantially and significantly later than their peers with an mhSES back-
ground (Eilers et al., 1993; Oller, Eilers, Basinger, Steffens, & Urbano, 1995; Oller,
Eilers, Steffens, Lynch, & Urbano, 1994). But, the results of these studies were
based on parental reporting (checked by a researcher or clinician), without any
quantification of the babbled productions (Eilers et al., 1993; Oller et al., 1995).
Oller et al. (1994) proposed a more stringent approach by computing the canon-
ical babbling ratio (CBR – for a definition, see section the present study). Even
though still no differences between lowSES and mhSES children were reported,
Oller et al. (1994, p. 33) observed that there was a “reliably lower tendency to
vocalize” in lowSES children. However, such differences in sample size are prob-
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lematic in establishing quantitative thresholds such as in CBR (Molemans, Van
den Berg, Van Severen, & Gillis, 2012; Tomasello & Stahl, 2004). Thus, the litera-
ture seems to suggest that are no differences in canonical babbling onset between
lowSES and mhSES children.

But, there seem to be some methodological issues in the literature that make
this conclusion at least premature. In addition, the fact that at two years of age
significant differences in spoken language development (lexicon and grammar)
and a substantial delay in language processing are found (Hoff, 2013; Weisleder &
Fernald, 2013), suggests that this delay may already be building up much earlier
in life. And indeed, the results of Betancourt et al. (2015) and Wild et al. (2013)
are indicative in this respect. Findings about the relationship between input and
output regarding quantity and phonological development during the prelexical
stage seem to support this hypothesis. Both Oller et al. (1994) and Vanormelingen
(2016) observed that lowSES children are less voluble (i.e. talkative) during the
prelexical stage as compared to mhSES children. Vanormelingen (2016) clearly
showed that these children also have parents who are less voluble and thus receive
less input. So, regarding quantity, there seems to be a relation between the impov-
erished input and children’s own output very early on in life (Albert, Schwade, &
Goldstein, 2018; Vanormelingen, 2016).

Regarding quality of input, mhSES children who receive more contingent
responses to their own vocalizations during the prelexical stage show advantages
in phonological learning during this stage (Goldstein et al., 2003; Goldstein &
Schwade, 2008). Moreover, Vanormelingen, De Maeyer, and Gillis (2016) showed
conversational differences between lowSES and mhSES children: lowSES chil-
dren receive less contingent feedback to their speech: parents respond less to their
speech, and if they do, they respond less informatively since they often reproduce
the child’s production without adding extra information (e.g. the child utters ‘car’:
lowSES parents more often react with ‘car’ whereas mhSES parents would add
information, such as ‘the red car’).

Taken together, it seems odd that an effect of poorer input in lowSES children
(both quantitatively and qualitatively) would not be apparent for an important
milestone in children’s early vocal development, viz. the onset of babbling. In the
present study, we will analyze the babbling onset of lowSES children whose input
was studied by Vanormelingen (2016) and Vanormelingen and Gillis (2016).
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4. The present study

The aim of the current paper is to (1) establish the age at which children who differ
in SES reach their babbling onsets, and to (2) examine the consonantal repertoire
in these children’s canonical syllables.

Babbling onset will be determined using the quantitative measures canonical
babbling ratio (CBRsyl) and true canonical babbling ratio (tCBRsyl) (Oller et al.,
1994), in a bootstrapping procedure (Molemans et al., 2012). The difference
between CBRsyl and tCBRsyl is that CBRsyl calculates the proportion of all non-
glottal consonant-vowel sequences (Oller & Eilers, 1988). For the true canonical
babbling ratio (tCBRsyl) not only glottal consonants (such as [h] and glottal stops)
are disregarded, but also glides ([w], [j]) (Chapman, Hardin-Jones, Schulte, &
Halter, 2001; Stoel-Gammon, 1989). Glides are considered to have a rather “spe-
cial” status as consonants. For instance, Stoel-Gammon (1989) states that glides
are qualitatively different when compared to other consonants and considers
them as non-true consonants. Moreover, glides are the most sonorous consonant
type, approaching characteristics of vowels, and are hence on the border between
consonants and vowels (Booij, 1995). Therefore glides are excluded in the calcula-
tion of tCBRsyl. This means that an utterance like [wawawa] contains three sylla-
bles for the CBRsyl measure, but none using the tCBRsyl measure.

The distinction between CBRsyl and tCBRsyl clearly highlights the importance
of the types of consonants encountered in children’s babbling. Moreover, feed-
back on children’s vocalizations (input) shapes phonological learning in children
(Goldstein et al., 2003; Goldstein & Schwade, 2008). Since many studies have
shown a poorer quantitative and qualitative input in children of lower SES back-
grounds – also the children in the present study (Vanormelingen & Gillis, 2016),
it may very well be that also the incidence of consonantal types differs in lowSES
and mhSES children’s babbling. This is the second research aim of the present
study.

5. Method

5.1 Participants

The participants in this study consisted of two groups of children: (1) 30 children
from a mid-to-high socio-economic background (mhSES), and (2) 9 children
from a low socio-economic background (lowSES). The selection criteria for all
participating families were identical, except for their SES backgrounds. Children
had to come from native Flemish, monolingual, native Dutch-speaking back-
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grounds, living in Flanders (the northern part of Belgium). None of the children
had a hearing impairment or developmental problems, as attested by the Flemish
infant welfare center Kind&Gezin.

The socio-economic status (SES) of the participating families was determined
by the Hollingshead Index (HI) (Hollingshead, 1975), with possible scores rang-
ing from 8 for individuals with the lowest SES to 66 for individuals with the high-
est SES. HI is a widely used measure of SES, also used in studies on language
development, e.g. Fernald et al. (2013); Fish & Pinkerman (2003); Jednoróg et al.
(2012); Sarsour et al. (2011); Richels, Johnson, Walden, and Gonture (2013). SES
is defined in terms of education and occupation levels. A score for both parents
(if applicable) was determined and the mean score was calculated thereof. For the
lowSES families, the mean family status score was 18 (SD =5), suggesting that our
sample of lowSES families represents the lower strata of the lowSES class. By way
of comparison, Fernald et al. (2013) categorized all families with a score below
45 as low SES. Hollingshead (1975) defined five different ‘strata’ of SES and social
standing. Our lowSES sample fits in the lowest of these strata, with a score up to
19 on the HI. The mean family score of the mhSES families was 52 (SD =11) and
80% of the mhSES families had scores that fitted them into the two upper strata of
the HI (Hollingshead, 1975).

The parents in the lowSES families involved in the present study had no
higher educational background and finished secondary school at best. The family
had an income around the minimum wage or lived from a social security
allowance. Concerning the job positions, less than half of the parents (44%) had a
job (mostly halftime), 34% was unemployed and the others did not mention their
current job position, suggesting that the were not working at the time of data col-
lection. In mhSES families, all parents had a stable income from a full-time job.
They all finished at least secondary school and in 84% of the families at least one
parent had a bachelor, master or PhD degree.

5.2 Data collection

Data collection consisted of monthly video-recordings of spontaneous interac-
tions between the child and the primary caregiver(s), and possibly other siblings,
at the child’s home. These interactions were unstructured, since the parents were
simply asked to “play with their children as they normally do”. All parents signed
an informed written consent for participation in the study and the study was
approved by the Ethical Committee for the Social Sciences and the Humanities of
the University of Antwerp.
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Children from mhSES backgrounds
The data of the mhSES families came from the CLiPS Child Language Corpus
which was collected as part of a larger research project on language development
in this group (Molemans, 2011; Van Severen, 2012; Van den Berg, 2012). 30 chil-
dren from mhSES families were followed monthly between 6 and 24 months of
age. The recordings lasted between 80 and 120 minute. In order to keep tran-
scription time within reasonable limits (about 14 hours for each video-recording)
a 20-minute selection was made for each video recording. These selections only
consisted of finished interactions and for instance long pauses and very noisy pas-
sages were excluded from the data. For more detailed information on this pro-
cedure, see Molemans (2011), Van Severen (2012) and Van den Berg (2012). All
families participated at every monthly recording (18 recordings for each family).
The mean age at which the first word appeared in the 20-minute selection was 13
months (range 10 – 17 months). The mean age at which children reached the onset
of word production in the 20-minute selection, defined as the age at which they
had produced 10 different words, was 15.77 months (range 13–19 months).

Children from lowSES backgrounds
9 children from lowSES families were followed between 6 and 23 months of age,
as part of a larger research project on child-directed speech and language devel-
opment in this group. The collection of the lowSES corpus proved to be very dif-
ficult. Finding indigenous lowSES families who were willing to participate on a
monthly basis and to have their daily routines filmed was much more difficult
than the collection of the mhSES corpus. Therefore, families were given a small
incentive (gift vouchers of 7.5 euros per session) for their participation in the
study. In addition, a collaboration was initiated with the department of Social
Work and Social Care of the Karel de Grote College (Antwerp). An instructor
who was highly familiar with the population and with social welfare initiatives
directed at lowSES families was engaged on a part-time basis by the university for
establishing and maintaining contact with the lowSES families and for making the
video recording for the present study. She recruited the participants through her
network, which includes organizations like Moeders voor Moeders (“Mothers for
Mothers”) directed specifically at practically helping mothers from lowSES raising
their children.

Given the difficult data collection, fewer data were available for the children
from lowSES families. The number of recordings also differed between the fami-
lies. The mean number of recordings per family was 6.89 (SD= 2.98, median= 8).
One family participated only once, another family four times. The other 7 families
participated at least 6 times. In Table 1, the number of recordings and the age
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ranges are given per participant. The video-recordings lasted on average 45 min-
utes and 18 second (range= 33 minutes and 57 seconds – one hour, 13 minutes and
26 seconds). Since we had fewer data for the lowSES group as compared to the
mhSES group, no data selection was performed for this group.

Table 1. Characteristics of the lowSES children

ID

Number
of
recordings

Age
range
(months)

Birth
order

Total
number of
utterances
(Mean per
recording;
SD)

Mean
number of
utterances
per minute
(range)

Mean
number of
canonical
babbles per
minute
(range)

Age at first
word
production
(months)

P1 8  9–17 3  881
(110.13;
77.93)

2.44
(0.64–5.79)

0.69
(0.02–2.34)

16

P2 1 11 1   61 (61.00;
0.00)

1.33 (N.A.) 0.31 (N.A.) Not
observed

P3 9  3–13 2  405 (45.00;
31.26)

1.20
(0.48–2.21)

0.33
(0.09–0.75)

Not
observed

P4 6  6–12 1  430 (71.67;
56.95)

1.66
(0.78–4.69)

0.54
(0.14–1.58)

Not
observed

P5 6  9–16 5  698
(116.33;
67.30)

2.44
(1.13–4.24)

0.80
(0.42–1.49)

12

P6 4  7–12 1  874
(218.50;
35.35)

4.70
(3.49–5.56)

1.77
(1.10–2.25)

12

P7 8 13–23 6  917
(114.63;
69.21)

2.58
(1.03–7.14)

0.84
(0.25–1.83)

20

P8 10  5–15 1 1949
(194.90;
74.40)

4.66
(2.05–6.84)

1.78
(0.39–3.57)

13

P9 10  8–18 3 1632 (163.2;
64.80)

4.72
(1.74–11.42)

1.84
(0.35–8.75)

13

Even though data collection was difficult for the lowSES families, the lowSES
families in this study represent a unique sample in SES research. In the literature,
SES differences are mostly studied in an Anglo-Saxon context (e.g. the US) and
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the lowSES families are mostly a very heterogeneous group with different ethnic
backgrounds (e.g. Hart & Risley, 1992, 1995, 1999; Rowe, 2008; Song, Spier, &
Tamis-LeMonda, 2014). This brings in cultural differences, which may influence
results linked to SES (Song et al., 2014). Moreover, it is possible that many of
the parents of such lowSES families are second language learners of the language
investigated in the children. The lowSES sample analyzed here consists of native
Flemish lowSES families, with all parents being native Dutch. Next to the fact that
we have a quite homogenous group, our sample of lowSES families has two other
assets that complement the existing literature thus far. First, our corpus is lon-
gitudinal, comprising monthly video-recordings over a longer period for all but
one child. Secondly, the lowSES data consist of spontaneous speech interactions
between child and caregiver(s), whereas the literature often relies on parental
reports (Eilers et al., 1993; Oller et al., 1995; Oller et al., 1994).

As can be derived from Table 1, not all children produced their first word dur-
ing the period of data collection. Within the lowSES sample, word use was actu-
ally rare. P1 had the most developed lexicon and used 40 words tokens in total
(but only 4 different ones, i.e. word types) in the video recording at 16 months of
age. The production of a first word was not observed during the data collection
of P2 (at 11 months of age), P3 (by 13 months of age) and P4 (by 12 months of
age). Two children produced their first word at 12 months of age: P5 (one word,
also one word at 13 months of age) and P6 (3 times the same word). P7 produced
one word at 20 months of age (two times) and two different words 11 times at
21 months of age. Finally, P8 and P9 produced one word at 13 months of age. P8
showed a slight increase in word use and produced nine words (but only four dif-
ferent ones) by 15 months of age. P9, however, did not produce any word at the
older ages anymore (15–18 months). In contrast to the mhSES children, none of
the lowSES children has produced 10 different words during the entire data col-
lection. This is striking since the results on word onset were based on the full
recordings for the lowSES children, that were twice as long as the 20-minute selec-
tions for the mhSES children.

5.3 Data transcription

All video-recordings were transcribed in CLAN following the CHAT conventions
(MacWhinney, 2000). Each utterance was delineated and the speaker was labeled.
All linguistic utterances of the child were further transcribed. A complete phone-
mic transcription of lexical utterances (words), as produced by the child, was
made. Prelexical utterances were transcribed following the coding scheme of
Koopmans-Van Beinum and Van der Stelt (1986). Following this coding system,
each prelexical utterance (i.e. breath unit) received a two-digit code that repre-
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sents the structure for phonation and articulation. Phonation could be absent
(code 0), uninterrupted (code U) of interrupted (code I), and articulation could
consist of no articulatory movements (code 0), one movement (code 1) or two or
more articulatory movements (code 2). Canonical babbling was defined as codes
U2 and I2, representing prelexical utterances, either interrupted or uninterrupted,
with at least 2 articulatory movements, i.e. at least a sequence of two consonant-
vowel (cv) syllables. For each prelexical utterance, each consonant-like produc-
tion was further coded for manner of articulation (stop, fricative, nasal, liquid or
glide).

The reliability of the transcriptions was checked for both the mhSES corpus
as well as the lowSES corpus. The first author retranscribed about 80% of the
lowSES corpus after at least 3 months. The mean percentage of overlap for manner
of articulation was 79% (range 74%–86%). For the mhSES corpus, 10% was retran-
scribed by the transcriber after a couple of months (Molemans, 2011; Van Severen,
2012; Van den Berg, 2012). The mean percentage of agreement for manner of artic-
ulation was 79.41% (range 73.53–86.28). The agreement on the coding scheme
of Koopmans-Van Beinum and Van der Stelt (1986) equaled 80.17% (range
78.10%–82.10%).

5.4 Data analyses and statistical analyses

The aim of the present paper is twofold: first, examine and compare the onset of
babbling in mhSES and lowSES children, and second, examine and compare the
incidence of consonantal types in both groups of children’s cv-syllables.

Onset of babbling
For children’s babbling onset, two measures were used: CBRsyl (including glides
as consonants) and tCBRsyl (excluding glides as consonants). The onset of bab-
bling was reached if the child surpassed a threshold of 0.15 for (t)CBRsyl (Oller
et al., 1994). Different sample sizes are problematic in establishing quantitative
thresholds such as CBRsyl (Tomasello & Stahl, 2004). Moreover, Molemans et al.
(2012) showed that CBRsyl is critically dependent on children’s volubility, and thus
sample size. Since the amount of data differed between the two corpora (mhSES
and lowSES), a bootstrapping procedure was implemented. By bootstrapping, the
results are normalized in such a way that for each child, an equal amount of data
was taken. In addition, other (within-)group differences, such as the presence
or absence of siblings during video-recordings, are leveled out. We followed the
bootstrapping procedure implemented by Molemans et al. (2012) (also referred to
as Monte Carlo simulation, Tomasello & Stahl, 2004) with random resampling in
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order to reliably (95% confidence) determine the onset of babbling. This proce-
dure consists of randomly selecting 1,000 samples of 25 syllables, then computing
(t)CBRsyl for each sample, and finally determining if (t)CBRsyl exceeds the thresh-
old in 950 or more of the samples. This procedure establishes babbling onset with
95% confidence.

One lowSES child (P2) had not reached onset of babbling at the last recording
and was excluded from the analyses. The parents of this child ceased their partic-
ipation after only one recording. At this data point, at 11 months of age, the child
did not produce enough canonical babbles (mean of 0.03 across the 1,000 sam-
ples) to reach the threshold for babbling onset. Therefore, she was excluded from
the analyses. Furthermore, three data points of lowSES children, i.e. monthly
recordings, were excluded because the child did not produce the minimally
required 25 syllables. These were 2 data points of the same child and one data
point of another.

Statistical analyses were performed in order to compare the onset of babbling
in both groups of children. This was done in JMP® Pro 14.3, using a Wilcoxon
signed rank test.

Incidence of consonantal types
For the analyses of the incidence of consonantal types in children’s canonical bab-
bles, all consonants in those canonical babbled utterances were coded in terms of
manner of articulation, identifying the main phonemic distinctions of standard
Dutch consonants (Booij, 1995). The frequency counts of the different manners of
articulation were bootstrapped. For each child at each age, 1,000 random samples
were taken per consonant manner using JMP® Pro 14.3. The estimated frequencies
of the different consonant types were further normalized by calculating the stan-
dard scores for each child at each age. So, z-scores were calculated on the boot-
strapped frequencies in order to normalize the data.

Statistical analyses for the incidence of consonant types were also performed
in JMP® Pro 14.3, using a multilevel model (Baayen, 2008; Bates, Maechler, Bolker,
& Walker, 2015). Multilevel modeling was suited here, since the dataset for this
part shows a hierarchical structure: observations (first level) are nested in ages
(second level), which in turn are nested in children (third level). Multilevel mod-
eling can handle such nested datasets (Hox, 2008; Quené & Van den Bergh, 2004).
Multilevel models consist of two parts: a random part and a fixed part. In the
random part, the variance between ages and children is taken into account. The
fixed part comprises the predicting variables. The predicting variables were SES
(mhSES versus lowSES), Age (in months) and Age2 (in months) and the interac-
tion between Age and SES and Age2 and SES.
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6. Results

6.1 Babbling onset

On average, lowSES children reach the CBRsyl milestone at around 0;10
(median =0;10, range= 0;6–1;1) and the tCBRsyl milestone at around 0;11
(median =0;10, range= 0;9–1;3). The mhSES children reach the CBRsyl milestone
on average 3.37 months earlier (mean =0;6.19; median = 0;6.15, range= 0;6–0;9),
and the tCBRsyl on average 3.73 months earlier (mean = 0;7.7, median= 0;7,
range =0;6–0;10). Statistical analyses reveal a significant difference between the
two groups of children as to the age at which the CBRsyl milestone (Wilcoxon rank
sum test: z =3.33, p =0.0009) and the tCBRsyl milestone are reached (Wilcoxon
rank sum test: z =4.09, p= <0.0001). In other words, mhSES children reach the
CBRsyl and tCBRsyl significantly earlier than lowSES children. In Figure 1 boxplots
for CBRsyl and tCBRsyl are shown for both groups of children respectively.

Since the later onset of the recordings in some of the lowSES participants
could have biased the results, an extra analysis was performed with only the chil-
dren of the lowSES sample that could have established the babbling onset within
the range of the children of the mhSES sample (CBRsyl and tCBRsyl with P3, P4,
P6, P8 and P9 for the lowSES sample). However, this additional analysis pointed
to the robustness of the results: also in these analyses children of lowSES families
reach the babbling onset (CBRsyl and tCBRsyl) significantly later than children of
mhSES families.

Figure 1. Boxplot of the age of onset of babbling as measured by CBRsyl and tCBRsyl in
lowSES and mhSES children
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6.2 Incidence of consonant types

Descriptive results
Table 2 represents the distribution of the different manners of articulation in
lowSES children and mhSES children. Results present the mean per consonant
type and a range over the children in the two SES groups. Means and ranges are
shown per month.

Results show clear differences between both groups of children, especially
with respect to the distribution of stops, glides and /h/. When considering stops,
the percentages in Table 2 indicate that lowSES children use fewer stops than
mhSES children in their canonical babbles. Over the entire age range, the percent-
age of stops in the lowSES group is often even only less than half the percentage
of stops used by mhSES children. This difference in stops is largely explained by
the high use of glides by lowSES children. The use of glides diminishes from mean
percentages of approximately 30% initially to mean percentages of approximately
10% at the end of data collection. At all age points, the percentage of glide use is
higher in lowSES children than in mhSES children. When considering the ranges,
it is obvious that some lowSES children use glides very frequently. For instance
at 8 months of age, one child uses exclusively glides (100%), and at 17 months of
age, one lowSES child uses 86% glides (in comparison to a maximum of 42% in
mhSES children).

So, lowSES children seem to use less stops and more glides as compared to
mhSES children. When summing the percentages of stops and glides, the percent-
ages of use often approximate each other in both groups of children. If not, this is
explained by the high frequency of use of /h/ in lowSES children: whereas /h/ is
nearly absent in mhSES children (maximum mean percentage of 2.80%), /h/ rep-
resents at least 10%, but often more, of the lowSES children’s use of consonants.

Overall, fricatives and liquids appear less often. Nevertheless, there are slight
differences between both groups of children as well. LowSES children use fewer
fricatives (means do no pass 2% in the entire age range) as compared to children
with mhSES (means surpass 5%). From 17 months of age onwards, fricatives are
even absent or nearly absent in the canonical babbles of lowSES children. In con-
trast, mhSES children seem to slightly increase their fricative use in canonical
babbles: from 17 months onwards mean percentages increase to 10% and more.
For liquids, a similar pattern is observed: they are infrequent in both groups of
children, but even more rare in lowSES children (highest mean percentage of
1.2%) than in mhSES children (highest mean percentage of 8.%). In addition,
whereas liquids are absent from 16 months of age onwards in lowSES children,
there is a sight increase of liquid use by mhSES children.
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For nasals, lowSES children increase their use over time, with mean percent-
ages of approximately 5% initially to mean percentages above 20% and even of
30% at the end of the data collection. For mhSES children, the use of nasals seems
to decrease only slightly during the studied period, from mean percentages of
approximately 15% initially to mean percentages of approximately 10% over time.

Statistical analyses
The results of the multilevel model analysis are presented in Table 3. The fixed
effect results for the incidence of consonant types (manners) are presented (esti-
mated z-scores). In Figures 2–7, the estimated z-scores are plotted for each conso-
nant type.

Clear SES differences with respect to the use of the different manners of artic-
ulation are apparent. LowSES children use significantly fewer stops, fricatives and
liquids (p< 0.001, p< 0.001 and p <0.001) and use significantly more glides and the
glottal /h/ (p< 0.01 and p <0.001). For nasals, no significant difference was found
(p =0.088). These findings indicate that lowSES children produce fewer true con-
sonants (stops, nasals, fricatives and liquids) than the mhSES children, but more
glides and /h/.

Table 3 shows that there are no significant age effects for fricatives, nasals, liq-
uids and glides for mhSES children (p> 0.05 for Age and Age2) nor for lowSES
children (p >0.05 for the interaction effects between SES and Age and SES and
Age2). In other words, the differences that were found between the two groups of
children remain stable over the entire studied period. Between 6 and 24 months
of age, lowSES children use significantly fewer fricatives and liquids than mhSES
children and significantly more glides than mhSES children. These effect are plot-
ted in Figures 4, 5, 6 and 7.

For stops, there is a significant (quadratic) effect of age (p <0.001 for Age and
for Age2) as illustrated in Figure 2. As can be seen in Figure 2 and Table 3, there is
no significant interaction effect between SES and Age (nor SES and Age2), indi-
cating that the difference between both groups of children remains similar at all
ages.

Finally, for /h/, there was a significant effect of Age (p< 0.05), indicating a
decrease of /h/ use in mhSES children. The significant interaction effects of SES
and Age and Age2 show a larger decreasing effect in use of /h/ in lowSES children,
as illustrated in Figure 3.
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Table 2. The mean percentage (and range) of consonant manners per age per SES group

Age in
months

Corpus Stops Fricatives Nasals Liquids Glides H

Mean
(range)

Mean
(range)

Mean
(range)

Mean
(range)

Mean
(range)

Mean
(range)

6 lowSES 13.1 (0–35)  1.4 (0–4)  4.3 (0–13) 1.2 (0–3) 30.0 (0–47) 50.1 (2–100)

6 mhSES 28.5 (0–75) 10.2 (0–50) 17.7 (0–50) 8.4 (0–29) 34.4 (4–78)  0.8 (0–7)

7 lowSES  6.4 (0–11)  0.0 (0–0)  5.6 (0–22) 0 (0–0) 50.8 (34–85) 37.2 (11–60)

7 mhSES 37.5 (5–81)  7.0 (0–38) 12.1 (0–44) 7.4 (0–44) 35.1 (4–92)  0.9 (0–8)

8 lowSES  2.5 (0–10)  0.4 (0–2)  4.4 (0–14) 0 (0–0) 53.4 (29–100) 39.3 (0–57)

8 mhSES 46.5 (12–81)  4.5 (0–25) 15.3 (0–65) 5.7 (0–33) 25.4 (0–73)  2.6 (0–18)

9 lowSES 28.9 (0–74)  0.5 (0–3)  3 (0–10) 1 (0–4) 35.1 (6–80) 31.5 (4–64)

9 mhSES 51 (7–80)  6.2 (0–27) 16.1 (0–82) 2.4 (0–9) 21.9 (0–64)  2.4 (0–25)

10 lowSES 43.5 (0–92)  0.4 (0–1)  3 (0–18) 0.6 (0–4) 30.0 (3–50) 22.5 (2–60)

10 mhSES 49.4 (11–91)  7.4 (0–33) 16.1 (0–85) 3.3 (0–21) 21.5 (0–66)  2.3 (0–9)

11 lowSES 26.5 (0–53)  0.0 (0–0)  6.3 (0–14) 0 (0–0) 44.9 (33–77) 22.3 (8–57)

11 mhSES 51.9 (14–84)  4.3 (0–11) 10.7 (1–40) 2.8 (0–10) 27.5 (5–73)  2.8 (0–12)

12 lowSES 34.1 (4–62)  0.9 (0–3) 14.7 (0–50) 0.2 (0–1) 38.2 (21–62) 11.9 (1–18)

12 mhSES 53.2 (23–87)  8.6 (0–27) 11.2 (0–42) 3.4 (0–21) 21.2 (3–68)  2.4 (0–12)

13 lowSES 42.1 (18–68)  1.1 (0–2) 20.9 (1–50) 0.5 (0–3) 18.6 (14–23) 16.8 (6–43)

13 mhSES 62.7 (22–99)  8.4 (0–27)  8.7 (0–32) 4.9 (0–59) 12.9 (0–36)  2.4 (0–14)

14 lowSES 18.1 (0–27)  1.8 (0–5)  2.7 (0–8) 0 (0–0) 34.6 (27–43) 42.8 (16–67)

14 mhSES 58.4 (26–84) 10.8 (1–31)  9.9 (0–49) 6.4 (0–46) 12.7 (2–30)  1.8 (0–9)

15 lowSES 45 (11–67)  1.9 (0–6)  5.8 (0–11) 0.5 (0–1) 33.6 (14–78) 13.3 (0–31)

15 mhSES 53.7 (26–82)  9.2 (0–34) 14 (1–68) 5.1 (0–28) 16.1 (5–52)  1.9 (0–9)

16 lowSES 33.8 (0–53)  1.4 (0–6) 22.5 (1–67) 0 (0–0) 22.3 (16–30) 20 (9–47)

16 mhSES 58.2 (29–82)  9.1 (0–29)  9.9 (0–30) 3.6 (0–12) 17.8 (0–49)  1.4 (0–8)

17 lowSES 18 (12–24)  0.0 (0–0) 26.5 (1–52) 0 (0–0) 54.0 (22–86)  1.5 (1–2)

17 mhSES 61.1 (34–92) 10.7 (0–23)  9.3 (1–30) 2.6 (0–20) 15.4 (1–42)  0.8 (0–8)

18 lowSES 45.6 (43–49)  0.0 (0–0) 20.2 (8–32) 0 (0–0) 17.8 (11–25) 16.4 (8–25)

18 mhSES 56.7 (17–93) 11.5 (0–28) 13.8 (0–46) 3.1 (0–16) 14.4 (3–47)  0.5 (0–3)

19 lowSES N.A. N.A. N.A. N.A. N.A. N.A.

19 mhSES 51.3 (25–77) 11.2 (1–30) 14.5 (0–41) 3.9 (0–26) 17.9 (6–67)  1.1 (0–6)

20 lowSES 33.3 (33–33)  1.4 (1–1) 13.9 (14–14) 0 (0–0) 33.3 (33–33) 18.1 (18–18)

20 mhSES 56.7 (28–82)  9.2 (0–25) 13.6 (0–44) 4.6 (0–22) 14.8 (1–28)  1 (0–5)

21 lowSES 36.8 (37–37)  0 (0–0) 33.3 (33–33) 0 (0–0) 19.3 (19–19) 10.5 (11–11)

21 mhSES 50.8 (29–71) 11.7 (2–26) 14 (0–31) 6.4 (0–18) 16.3 (5–39)  0.7 (0–4)

22 lowSES N.A. N.A. N.A. N.A. N.A. N.A.
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Table 2. (continued)

Age in
months

Corpus Stops Fricatives Nasals Liquids Glides H

Mean
(range)

Mean
(range)

Mean
(range)

Mean
(range)

Mean
(range)

Mean
(range)

22 mhSES 54.8 (23–88) 12.6 (2–45) 12.4 (0–32) 6.3 (0–23) 13.4 (1–28)  0.6 (0–4)

23 lowSES 44.4 (44–44)  0 (0–0) 33.3 (33–33) 0 (0–0) 11.1 (11–11) 11.1 (11–11)

23 mhSES 54.8 (27–90) 12.9 (0–27) 13.8 (1–31) 7.1 (0–21) 10.9 (3–23)  0.5 (0–3)

24 lowSES N.A. N.A. N.A. N.A. N.A. N.A.

24 mhSES 52.5 (33–75) 13.4 (3–24) 15.8 (4–27) 5.8 (0–16) 11.6 (0–31)  1 (0–6)

N.A. = No data available
Numbers are presented in percentages

Table 3. Parameter estimates for consonant distribution

Stops Fricatives Nasals Liquids Glides /h/

Estimate
(SE)

Estimate
(SE)

Estimate
(SE)

Estimate
(SE)

Estimate
(SE)

Estimate
(SE)

Intercept   −1.10 ***

(0.36)
  −0.48 *

(0.23)
−0.17
(0.36)

 −0.35
(0.20)

   1.49 ***

(0.38)
 0.49 *

(0.21)

Age    0.28 ***

(0.06)
  −0.01
(0.04)

−0.05
(0.06)

 −0.04
(0.03)

  −0.10
(0.06)

−0.07 *

(0.03)

Age2   −0.01 ***

(0.01)
  <0.01
(0.03)

< 0.01
(< 0.01)

 <0.01
(<0.01)

 < 0.01
(< 0.01)

<0.01
(<0.01)

SES (lowSES)   −0.41 ***

(0.06)
  −0.22 ***

(0.04)
  0.13
(0.07)

 −0.13 ***

(0.04)
   0.23 **

(0.08)
 0.38 ***

(0.05)

Age x SES
(lowSES)

   0.06
(0.06)

< −0.01
(< 0.01)

  0.03
(0.06)

   0.01
(<0.01)

   0.04
(0.06)

−0.12 ***

(0.03)

Age2 x SES
(lowSES)

< −0.01
(< 0.01)

< −0.01
(< 0.01)

< 0.01
(< 0.01)

<−0.01
(<0.01)

< −0.01
(< 0.01)

<0.01 *

(<0.01)

Estimates and SE are expressed in z-scores, SE = standard error
The intercept is set for mhSES children.
* p< .05 ** p <.01 *** p< .001

7. Discussion

The aim of the current paper was twofold: (1) establish the age at which children
who differ in socioeconomic status reach their babbling onsets, and (2) examine
the consonantal repertoire in these children’s canonical syllables.
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Figure 2. The longitudinal development of stops in lowSES and mhSES children
(estimated z-scores)

LowSES children reach the babbling onset milestone at a significantly later
age than the mhSES children for both CBRsyl and tCBRsyl, with on average a
delay of approximately 3 to 4 months. Looking at children’s consonantal develop-
ment in babbling, clear differences have been found in this study as well: lowSES
children produce significantly fewer stops, fricatives and liquids and significantly
more glides and /h/. No difference for nasals was found. For fricatives, nasals, liq-
uids and glides the percentage of use fluctuates minimally in the entire studied
period. The frequency of stops increases in both groups of children, but the initial
difference is still present at the end of the data collection, i.e. also by 24 months
of age, lowSES children use significantly fewer stops in their canonical babbling
than mhSES children. With respect to /h/, lowSES children seem to approximate
mhSES children over time, by diminishing their use of /h/ to a larger extent than
mhSES children do. So mhSES children use mainly stops, which is consistent with
the literature (i.a. Oller & Eilers, 1982), whereas lowSES children use mainly glides
and initially also /h/. The increased use of glides, generally seen as less mature
sounds (e.g. Stoel-Gammon, 1989), in the lowSES group is also reflected in their
later acquisition of tCBRsyl, which expresses also a later use of non-glides.

A key factor for the differences between the lowSES children and mhSES chil-
dren is the input they receive. The lowSES children studied here are shown to
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Figure 3. The longitudinal development of /h/ in lowSES and mhSES children
(estimated z-scores)

receive quantitatively and qualitatively poorer input as compared to the mhSES
children of the present study (Vanormelingen & Gillis, 2016), which is in line with
general findings about SES and language input (e.g. Hart & Risley, 2003). How-
ever, it has also been shown that the amount and quality of child-directed speech
is directly linked to children’s own language development at later ages (Cartmill
et al., 2013; Hart & Risley, 1995; Hoff & Naigles, 2002). For prelexical develop-
ment, Albert, Schwade and Goldstein (2018) already showed that adult feedback
and social interaction affects phonological learning in mhSES children. The cur-
rent study shows that SES differences, reflected in a poorer amount of input and
social interaction in the lowSES group, have a tremendous negative influence on
the onset of canonical babbling: lowSES children reach the first linguistic mile-
stone significantly later than mhSES children. The increased use of non-true con-
sonant types (i.e. /h/ and glides) in the lowSES group also indicates a less mature
speech and language development already this early in life (Stoel-Gammon, 1989)
and is in line with Albert, Schwade and Goldstein (2018)’s findings about the rela-
tion between input and phonological learning.

Thus, our results indicate that lowSES children start to babble significantly
later than children of mhSES. This contradicts earlier studies in which no differ-
ence in the age at babbling onset was found between lowSES and mhSES children
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Figure 4. The longitudinal development of glides in lowSES and mhSES children
(estimated z-scores)

(Eilers et al., 1993; Oller et al., 1995; Oller et al., 1994). The difference between our
results and the literature may very well be explained by some methodological dif-
ferences. A first factor is the procedure of measuring babbling onset in a corpus.
Even though the sample size was small in the present study, a bootstrapping pro-
cedure (adopted from Molemans et al., 2012) for computing children’s onsets with
95% confidence enabled us to provide a reliable and robust outcome. In previous
research, determining the babbling onset was mainly based on parental reports
(instead of corpus analyses) (Eilers et al., 1993; Oller et al., 1995) or on only one
calculation from unequal sample sizes in a corpus study (Oller et al., 1994), which
is shown to be suboptimal (e.g. Molemans et al., 2012).

Second, and importantly, the classification of children in the lowSES groups
differs as well. Based on the Hollingshead Index (Hollingshead, 1975), the lowSES
children in the present study belong to the lowest SES (level 5) on a five-level
scale of SES and social standing, whereas the lowSES children in the studies of
Oller and colleagues (Eilers et al., 1993, Oller et al., 1994) belong to levels 3 and
4 on the same scale. In other words, our sample represents children of the lower
lowSES, whereas the children in the other studies are representative of the some-
what higher lowSES. So, it may be that babbling onset is delayed only in chil-
dren living in families with the lowest lowSES. In a similar way as the difference
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Figure 5. The longitudinal development of fricatives in lowSES and mhSES children
(estimated z-scores)

between mhSES and lowSES are explained (lowSES children receiving fewer and
qualitatively less diverse input as compared to children from mhSES backgrounds
(Hart & Risley, 2003; Hoff & Naigles, 2002; Rowe, 2008, 2012; Vanormelingen
& Gillis, 2016)), the amount and quality of the input may explain the difference
between higher lowSES in the literature and lower lowSES outcomes in this study.
Possibly the amount and quality of the input even differs even between these two
strata on the SES index, resulting in poorer language developmental outcomes in
the lower lowSES children. However, this hypothesis is entirely open for future
research.

Oller and colleagues (1998, 1999) revealed that the age of children’s babbling
onset is a possible marker of delayed or even deviant language development: later
babbling onset is associated with later language delays and even deviances. For
instance, children who started to produce canonical babbles at a later age had
smaller vocabularies at 18, 24 and 36 months of age (Oller et al., 1998). The fact
that the lowSES children in our dataset reach the babbling onset significantly later
than their mhSES peers suggests that they are vulnerable to delays in their fur-
ther language development. In the literature, effects of SES on several aspects of
children’s later language development have been found, with poorer results for the
lowSES children with respect to lexical development and processing skills (Hart
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Figure 6. The longitudinal development of liquids in lowSES and mhSES children
(estimated z-scores)

& Risley, 1995; Hoff, 2003; Weisleder & Fernald, 2013). The present study adds to
this body of knowledge that lowSES children’s delay is already apparent early in
life, i.e. during the prelexical stage. In this way, our results are in line with those of
Betancourt et al. (2015), suggesting a similar difference at 7 months of age for pre-
verbal language and behavioral skills, and Wild et al. (2013), also suggesting that
SES effects on language development appear early in life.

Finally, our findings are also in line with recent findings regarding children’s
brain development (Jednoróg et al., 2012; Noble, Houston, Kan, & Sowell, 2012;
Tomalski et al., 2013). For instance, Tomalski et al. (2013) showed that disparities
in the brains of children who differ in SES were already visible at 6 and 9 months
of age, i.e. the age at which typically developing children reach the babbling onset.
It remains to be shown how these observations fit into a coherent explanation.
But since our sample of low SES children was fairly restricted in several respects,
a replication with a larger sample of very low SES children is required first. Maybe
a sample with a gradient of ascending SES levels is a valuable suggestion.

The present study showed that lowSES children reach their onset of canonical
babbling significantly later than mhSES children and that they have an increased
use of glides (i.e. less mature sounds) as compared to mhSES children. This effect
could be at least partly be attributed to the difference in input language, in that
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Figure 7. The longitudinal development of nasals in lowSES and mhSES children
(estimated z-scores)

sense that parents of lowSES children talk less, respond less to their children’s
speech and if they do, often imitate their speech without providing additional
information (Vanormelingen et al., 2016).

At this point the question crops up if lowSES inevitably leads to children’s
delayed vocal development, i.c., later onset of babbling and deviant consonant
use? Is intervention possible at all? According to Rowe (2008, 2018) the differ-
ences in quality and quantity of speech directed to children, at least partly stem
from differences in parents’ approach toward their children. Parental knowledge
about language development and the crucial role of interaction with children,
mediates parents’ way of interacting with their children. Intervention studies did
indeed show that mothers positively changed their behavior when they were
taught about the importance of child-directed speech and turn-taking and when
they were given the proper tools to enhance their interactions (Leffel & Suskind,
2013; Sparks & Reese, 2012; Suskind et al., 2016; Taumoepeau & Reese, 2013;
Yazejian et al., 2017). We believe that attempts at increasing lowSES caregivers’
awareness of their parental importance are an excellent first step in intervention.
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