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The relation between phonological and lexical development in
French-speaking children
Margaret Kehoea, Tamara Patrucco-Nanchena, Margaret Friendb, and Pascal Zesigera

aDepartment of Psycholinguistics, University of Geneva, Geneva, Switzerland; bDepartment of Psychology, San
Diego State University, California, USA

ABSTRACT
This study examines the relation between lexical and phonologi-
cal variables in 40 French-speaking children, aged 2;5.
Specifically, it examines the influence of phonetic complexity,
phonological production, phonological memory and neighbour-
hood density (ND) on vocabulary size. Children were divided into
four groups on the basis of their scores on the French version of
the Communicative Developmental Inventory (CDI): late1 (< 10%
ile), late2 (15–25%ile), middle (40–60%ile) and precocious (> 90%
ile). The children’s lexicons were coded in terms of phonetic
complexity and ND (one-and two-syllable words), and their pro-
duction capacities were determined from measuring percent con-
sonants correct (PCC) and the number of syllable-initial (CSI) and
-final (CSF) consonants in their phonetic inventories. The children
also took part in a non-word repetition (NWR) task. Results indi-
cated significant group differences in all four sets of variables.
Children with larger vocabularies selected words with greater
phonetic complexity and with lower ND values. They had super-
ior PCC, CSI and NWR scores compared to children with smaller
vocabularies. Linear regression analyses indicated that 76% of
variance in vocabulary size could be accounted for by ND in
combination with phonetic complexity and CSI. Our findings are
consistent with previous studies which show that ND plays an
important role in accounting for variance in vocabulary size. They
also indicate that phonetic complexity and phonological produc-
tion influence lexical acquisition.
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The relationship between lexical and phonological development has been the subject
of much research in recent times (see Stoel-Gammon, 2011, for a review). One line
of research has focused on children’s tendency to select and avoid words on the basis
of their phonological characteristics, a phenomenon referred to as lexical selection
and avoidance (Ferguson & Farwell, 1975; Schwartz & Leonard, 1982). Another line
of research has examined the relation between phonological production and voca-
bulary size. In particular, studies have examined the phonological abilities of chil-
dren who have exceptionally small (i.e. late talkers) or large vocabularies (i.e.
precocious talkers) (Bortolini & Leonard, 2000; Paul & Jennings, 1992; Petinou &
Okalidou, 2006; Rescorla & Ratner, 1996; Smith, McGregor, & Demille, 2006). Allied

CONTACT Margaret Kehoe Margaret.Winkler-Kehoe@unige.ch Dèpartement de psycholinguistique, Facultè de
psychologie et des sciences de l'èducation, Universitè de Genève, 28 bd du Pont-d'Arve, 1205 Genève, Suisse
Color versions of one or more of the figures in the article can be found online at www.tandfonline.com/iclp.

CLINICAL LINGUISTICS & PHONETICS
2018, VOL. 32, NO. 12, 1103–1125
https://doi.org/10.1080/02699206.2018.1510984

© 2018 Taylor & Francis

http://www.tandfonline.com/iclp
https://crossmark.crossref.org/dialog/?doi=10.1080/02699206.2018.1510984&domain=pdf&date_stamp=2018-10-10


to these studies are those which find that phonological working memory as deter-
mined by results on a non-word repetition (NWR) task1 distinguish children with
low and high vocabulary scores (Chiat & Roy, 2007; Hoff, Core, & Bridges, 2008;
Stokes & Klee, 2009a). Finally, another line of research has adopted variables from
adult psycholinguistics such as neighbourhood density (ND) and word frequency
(WF) to determine which factors account for vocabulary development in children
(Stokes, Bleses, Basbøll, & Lambertsen, 2012a; Stokes, Kern, & Dos Santos, 2012b).

The aim of the current study is to bring these themes together when studying the
phonological and lexical development of French-speaking children, aged 2;5, who vary
according to vocabulary size. Specifically, we examine whether children who have small
vocabularies differ from children who have medium or large vocabularies in terms of
the phonological and lexical characteristics of their lexicons (i.e. phonetic complexity
and ND), the phonological precision of their productions and in terms of their
phonological working memories. We also investigate how much variance in vocabulary
size is accounted for by the combination of these variables.

Lexical selection and avoidance

Observational studies support the idea that children select and avoid words on the basis of
their phonological production capacities. This selection and avoidance may take the form
of a preference for particular sounds or syllable structures in words (Ferguson & Farwell,
1975). More controlled evidence comes in the form of experimental studies, which show
that children learn to produce non-words containing sounds that they can produce more
easily than non-words containing sounds that they cannot produce, thus, confirming the
link between phonological experience and lexical acquisition (Schwartz & Leonard, 1982).

Beyond the first word period, authors have focused on lexical selection by examining
the phonological characteristics of children’s lexicons at different ages on the MacArthur
Communicative Developmental Inventory (MCDI – Fenson et al., 1993), a parent-based
questionnaire. Stoel-Gammon (1998) compared the phonological features of words from
the MCDI that reached age of acquisition by 19 months with those that reached age of
acquisition between 20 and 30 months. In terms of syllable structure, the proportions of
words containing initial and final clusters increased between the two age ranges. There
was a decrease in the proportion of stops and an increase in the proportion of fricatives
and liquids in word-initial position. Similar types of findings have been reported by
Gayraud and Kern (2007) with the French version of the CDI and by Fletcher et al.
(2004) with the Cantonese version of the CDI. All of these studies show that those features
which are less frequent in the vocabularies of younger children are those which are
acquired later in production.

In the current study, we do not look at lexical selection in younger versus older children
but rather in children of the same age who vary according to vocabulary size. Kehoe,
Chaplin, Mudry, and Friend (2015) observed phonetic selection tendencies in a group of

1It is well acknowledged that a NWR task may tap many phonological skills apart from phonological
memory including speech perception, phonological representation and articulatory abilities (see
Coady & Evans, 2008). It is most commonly known as a measure of phonological memory which is
how we refer to it in the current study.
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late talkers. One of the ten late talkers did not select any words with initial clusters, four
did not select any words with final clusters and all of them selected fewer words with
alveo-palatal fricatives than their peers with medium or exceptionally large vocabularies.

Further information on lexical selection comes from a study by Kern and Dos Santos
(2016), Kehoe & Patrucco-Nanchen (2017) which examined whether the phonetic
complexity of target words in children’s vocabularies could explain variance in voca-
bulary size in French-speaking children, aged 24–30 months. Phonetic complexity
refers to a quantitative measure of the complexity of a target word or production
based on a set of phonetic/phonological parameters. They employed Jakielski’s (2000)
Index of Phonetic Complexity (IPC), which provides a complexity point for phonetic
properties such as the presence of consonant variegation and consonant clusters. Other
measures of phonetic complexity include Stoel-Gammon’s (2010) Word Complexity
Measure, which assigns complexity points to a slightly different set of parameters
including voiced fricatives and affricates and word-initial unstressed syllables. Kern
and Dos Santos (2016) found that phonetic complexity accounted for very little
additional variance. This result seems surprising given the findings cited above which
suggest that the phonetic composition of children’s vocabularies changes as children get
older (Gayraud & Kern, 2007; Stoel-Gammon, 1998) and that it varies according to
vocabulary size (Kehoe et al., 2015). It may be the case, however, that phonetic
complexity plays a role but it is not the most important factor compared with other
variables. One of the goals of the current study is to determine how much variance in
vocabulary size is accounted for by phonetic complexity.

Phonological working memory and phonological production in late and precocious
talkers

Many authors note the parallels between learning a new word and repeating a non-word
in a repetition task (Coady & Evans, 2008; Stoel-Gammon, 2011). In both cases, the
learner is required to form a robust acoustic representation of the underlying speech units.
They also need to have knowledge of the articulatory movements necessary to produce the
sequence of sounds in the target words. In the repetition task, the learner stores the
representation temporarily and then retrieves it, also reflecting phonological working
memory processes. According to Hoff et al. (2008), phonological memory is the link
between phonological knowledge (interpreted here as phonological representation) and
word learning, and the association between phonological representation and memory
provides an explanatory mechanism for many of the observed relations between lexical
and phonological development.

Phonological memory has been well recognized as a component of word learning in
children three years or older (Gathercole, 2006), but its role in early lexical development has
only been explored recently due to the difficulties of designing non-word repetition tasks for
young children. Several investigators have now shown that NWR tasks can be successfully
employed with two year olds (Hoff et al., 2008; Stokes & Klee, 2009a, 2009b). Hoff et al.
(2008) found that NWR accuracy was significantly correlated with vocabulary size in a small
group of two-year olds, even after partialling out variance due to repetition of real words
which presumably reflects the articulatory demands of the repetition task. Studying a large
group of two-year olds, Stokes and Klee (2009a) found that results on a NWR task were the
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strongest predictor of vocabulary scores among a variety of other demographic and beha-
vioural variables, accounting for 36% of variance in vocabulary scores.

In another field of research, studies have concentrated on individual differences in rate
of lexical development to support the link between lexical and phonological development.
These studies have shown that children with large vocabularies have superior phonological
production abilities relative to children with small vocabularies (Paul & Jennings, 1992;
Petinou & Okalidou, 2006; Smith et al., 2006; Stoel-Gammon & Dale, 1988). Rescorla and
Ratner (1996), for example, found that late talkers vocalized less often, had smaller
consonantal and vocalic inventories and employed a more restricted set of syllable shapes
than their typically developing peers. At the other end of the spectrum, Smith et al. (2006)
found that lexically precocious two-year olds were superior to their age-matched peers in
terms of the number of singleton consonants correct and the percentage of final con-
sonants correct. They evidenced fewer phonological processes such as cluster reduction
and final consonant deletion.

The association between vocabulary size and phonological production has been
observed in a variety of languages including English, Cypriot Greek, Italian and
Cantonese (Bortolini & Leonard, 2000; Fletcher et al., 2004; Paul & Jennings, 1992;
Petinou & Okalidou, 2006). To date, however, there has been little research on the
phonology of late talkers in French. Furthermore, few studies have examined the amount
of variance in vocabulary size accounted for by phonological production versus other
phonological variables (e.g. phonological memory, phonetic complexity and ND). This is
one of the aims of the current study.

Adult-centred psycholinguistic studies

Stoel-Gammon (2011) contrasted two different approaches to examining the association
between lexical and phonological development: child- versus adult-centred approaches. In
the former, researchers have analysed children’s productions or the target words they
select in order to link them to vocabulary development. In adult-centred approaches,
researchers have borrowed constructs from language processing in adults to examine the
role played by lexical and sub-lexical patterns in the ambient language. We are particularly
interested in those studies which have focused on the role of ND in accounting for
vocabulary size in children.

Neighbourhood density (ND) refers to the number of phonological neighbours of a
word whereby a phonological neighbour is a word that differs from another word by
substitution, deletion, or addition of a sound in any word position (Luce & Pisoni, 1998).
Words which contain many phonological neighbours are said to belong to dense neigh-
bourhoods whereas those which contain few neighbours belong to sparse neighbourhoods.
To take an example from French, the word balle “ball” has a high ND value (n = 42)
whereas the word chien “dog” has a relatively low one (n = 12).

A series of studies by Stokes and colleagues shows that the variable of ND accounts for
an exceptionally high proportion of variance in the vocabulary size of children acquiring
English, French and Danish (Stokes, 2010, 2014; Stokes et al., 2012a, 2012b). In all of these
studies, they coded the mean ND and word frequency (WF) of one-syllable words
appearing in two year old children’s lexicons, based on the CDI. The amount of variance
accounted for by ND was 39% in Danish-speaking, 47% in English-speaking and 53% in

1106 M. KEHOE ET AL.



French-speaking children. In all cases, WF accounted for a small amount of additional
variance (English: 14%; French: 9%; Danish: 3%). In this study, we focus on ND and not
on WF in our analysis of phonological and lexical associations.

One salient finding from Stokes et al.’s research is that children with small vocabularies
select words with high ND values (see also Coady & Aslin, 2003; Storkel, 2004). Stokes et al.
(2012b) posited that words from dense neighbourhoods are less taxing on auditory-verbal
short term memories than words from sparse neighbourhoods. By virtue of the fact that they
share segments (e.g. balle shares neighbours with bol, bulle, belle) they offer a familiar
phonetic stream which facilitates word learning. They hypothesize that all children select
words with high NDs at the beginning, which reflects statistical learning of phonological
detail in early lexical development (Saffran, 2003). Children with low vocabularies, however,
continue to adopt this strategy for an extended period, thus, impeding their later word
learning. In the current study we seek to confirm Stokes and colleagues’ Stokes et al., (2012b)
findings that children with small vocabularies have significantly higher ND values than
children with large vocabularies, and that ND accounts for a large percentage of the variance
in vocabulary size. We also extend Stokes et al.’s research by measuring ND in two-syllable
words (ND2). If ND is a robust strategy used by children to acquire words, ND2 values may
also be higher in children with small versus large vocabularies.

Current study

This study focuses on phonological and lexical associations in French-speaking children,
aged 2;5. The first aim is to examine whether children, separated into groups according to
vocabulary size, differ in the phonological and lexical characteristics of their lexicons
(phonetic complexity and ND) and in their phonological memory and production abil-
ities. We predict that children with small vocabularies select words with phonetically
simpler forms and with higher ND values than children with large vocabularies. We also
predict that they will have inferior phonological memory and production skills compared
to children with large vocabularies.

The second aim of the study is to examine how much variance in vocabulary size is
accounted for by phonetic complexity, ND, phonological memory and production. Based
on Stokes et al.’s (2012a, 2012b) studies, we predict that the highest percentage of variance
will be accounted for by ND. Nevertheless, given the correlation that is often observed
between phonological memory and production on the one hand and lexicon size on the
other, we predict that some additional variance will be accounted for by phonological
memory and/or production. Given the lack of research on phonetic complexity, we make
no specific predictions, although the findings of Kern and Dos Santos (2016, 2017) lead us
to predict that phonetic complexity does not play a strong role in accounting for
vocabulary size.

Method

Participants

Participants include 40 monolingual French-speaking children, aged 2;5 (± 15 days).
Children were selected from the larger data-base on the basis of their percentile scores
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on the L’Inventaire Français du Développement Communicatif (IFDC) (Kern & Gayraud,
2010) (the French adaptation of the CDI). Four groups were formed: (1) late1 (n = 8; 3
girls) obtained IFDC scores at or below the 10th percentile (range = 40–221 words); (2)
late2 (n = 9; 6 girls) obtained scores between the 15th and 25th percentile (range = 268–
353); (3) middle (n = 11; 5 girls) obtained scores between the 40th and 60th percentile
(range = 372–474); and (4) precocious (n = 12; 6 girls) obtained scores which exceeded the
90th percentile (range = 572–677). All children had normal hearing, were reported to be in
good health and were developing normally.

Procedure

Children attended a single session of 60 minutes in the speech laboratory at the University
of Geneva in which they received a battery of tests designed to measure executive function,
receptive and expressive vocabulary, and morphosyntax. They were also administered a
NWR task. In addition, they engaged in a play session (of 20 minutes duration) with
Fisher Price farm toys while interacting with one of their parents. The play items were the
same for each child, thus, ensuring a uniform set of vocabulary items per child. The
language samples were recorded using a portable digital tape-recorder (Marantz
PMD620). The parents completed the IFDC at or prior to the session.

We provide information on the NWR task directly below and information on the analyses
of phonetic complexity, ND and phonological production in the section on Data-Coding.

Non-word repetition
The NWR task of Hoff et al. (2008) was modified to make it appropriate for French-
speaking participants. It included two training trials with monosyllabic non-words and 12
test trials with one-, two- and three-syllable non-words (four trials per group). The non-
words were created using words of the “mots et gestes” form of the IFDC. They were
transformed following two basic principles: (1) monosyllabic non-words were created by
changing the first phoneme (e.g. dame /dam/ “lady” → /bam/); (2) multi-syllabic non-
words were created by combining syllables of words from the IFDC which occurred in the
same word position (e.g. maman /mamɑ̃/ “mummy” and ballon /balɔ/̃ “balloon/ (foot)
ball” →/malɔ ̃/). Appendix A provides a list of the stimuli in the NWR task.

The trials were presented orally by a native French-speaking examiner sitting in front of the
children. The non-words were accompanied by toys representing people and animals. During
the test, the examiner showed a toy, said the non-word as if it was the toy’s name and asked the
child to repeat it back (e.g. “This guy is named Bam. Can you say Bam?”). If the child didn’t
repeat the name, the examiner repeated the non-word up to three times.

Only the first repetition produced by the child was scored, regardless of its accuracy. If a
child failed to repeat the non-word for six consecutive trials, the test was ended. Only children
who attempted to repeat at least three non-words were included in the analyses. The accuracy
of NWR was measured by calculating the total number of consonants presented that were
repeated correctly by the child. Four of the 40 children did not successfully complete the task.
Two of the children belonged to the late1 group and two to the precocious group. The scoring
of repetition accuracy was done by French native speakers. The NWR data of ten children
(25% of the data) were coded by a second native coder. Phoneme-by-phoneme analysis
yielded inter-rater agreement of .97.
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Data-coding

Phonetic complexity
A reduced set of the L’Inventaire Français du Développement Communicatif (IFDC-
Reduced or IFDC-R) was coded for phonetic complexity. The reduced set included 12
categories of items considered representative of core vocabulary. It omitted context-based
items (e.g. people and function words). As well, all words that appeared twice in the
inventory (e.g. eau “water”, parc “park”, pot “pot”, poisson “fish”, etc.) were limited to one
occurrence (Stokes et al., 2012b).

Using the IPC (Jakielski, 2000), a point was assigned to each word of the IFDC-R if it
contained: a dorsal consonant (e.g. camion [kamjɔ̃] “truck), a fricative or liquid (e.g. avion
[avjɔ ̃] “plane”; balle [bal] “ball”), a final consonant (e.g. balle [bal] “ball”), three or more
syllables (e.g. animal [animal] “animal”), two or more consonants with different places of
articulation (PoA) (e.g. balle [bal] “ball” which has labial and coronal PoAs), a tautosyl-
labic cluster (e.g. crayon [kʁejɔ̃] “pencil”), or a heterosyllabic cluster (e.g. tracteur
[tʁaktœːʁ]“tractor”). The IPC also assigns points to rhotic vowels but since rhotic vowels
do not occur in French, this category was excluded. Once coding was completed, we
determined the mean phonetic complexity value for each child based on their lexicon at
2;5. The mean value provides a quantitative measure of the phonetic complexity of
children with different-sized vocabularies.

We also wanted to know whether the phonetic complexity of children with small or
large vocabularies differs in qualitative ways. To assess this, we calculated the proportion
of total phonetic complexity represented by the different components of the IPC. For
example, in the target form of the IFDC-R, 17% complexity is represented by dorsals, 32%
by fricatives and liquids, 13% by word-final consonants, 5% by multi-syllabic words, 20%
by PoA variegation, 10% by tautosyllabic clusters and 2.5% by heterosyllabic clusters. By
calculating the proportions of total phonetic complexity for the different components of
the IPC per child, we aimed to determine whether vocabulary size differentially influenced
certain phonetic domains (e.g. dorsals, fricatives, etc.) more than others.

Neighbourhood density
One and two-syllable words of the IFDC-R were coded for ND using the values generated by
the Lexique3 database, a corpus of adult language (New, Brysbaert, Veronis, & Pallier, 2007).
In the case of verbs, we followed the procedure of Stokes et al. (2012b) by coding the most
frequent phonological form. In some cases, the infinitive form was coded (e.g. laver “to
wash”), whereas in other cases, a morphologically derived form was coded (e.g. donne “give”
for the verb donner “to give”). Similarly, the most frequent phonological forms were chosen
when two noun or two adjective choices were provided (e.g. figure/visage “face”; beau/belle
“beautiful”). Once coding was completed, a mean ND value was obtained separately for one-
and two-syllable words (ND1, ND2) for each child’s lexicon at 2;5.2

2Unlike Stokes et al. (2012b), we do not include two syllable words such as “p(e)tit” and “ch(e)val” in
the analyses of ND for one-syllable words. Although these words may be realized as monosyllabic,
research by Andreassen (2013) shows that the variant containing schwa is more frequent in children’s
productions as well as in the input to children. Thus, these words have been coded as disyllabic.
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Phonological production
We analyzed children’s spontaneous language samples using Phon, a software program
specifically designed for the analysis of phonological data (Rose et al., 2006). Each child’s
wave file was segmented into utterances, glossed and phonetically transcribed. Two
French-speaking graduate students, who had experience in phonetic transcription, per-
formed the analyses. Three measures of phonological production were obtained: Percent
consonants correct (PCC) and the number of consonants in syllable-initial (CSI) and -final
position (CSF) in the children’s phonetic inventories. A consonant was designated as being
part of the phonetic inventory if it was present at least two times and in two different
words. Calculations of PCC were computed automatically for each child based on the
entire number of utterances in the 20 minute recordings using the query function PCC-
PVC in Phon. Three participants were re-transcribed by a second transcriber using the
Blind Transcription function of Phon. Point-to-point agreement in terms of consonant
transcription was high (ranging from 88% to 93%).

Statistical analyses

The statistical analyses were performed using R statistical software (R Development Core Team,
2016). Group differences were determined using one-way analyses of variance (ANOVA) and
Tukey post-hoc tests. Due to the number ofmultiple comparisons beingmade and the possibility
of inflating type 1 errors, we adopted the critical p value of 0.01whichwas close to the Bonferroni
correction (.05/6) of 0.008. The amount of variance in vocabulary size explained by the predictor
variables was determined by linear regression (lm function in R).

Results

Phonetic complexity

Figure 1 shows a box-plot representation of mean phonetic complexity values for the French-
speaking children separated according to vocabulary size. Mean phonetic complexity ranged
from 2.83 through to 4.07. A one-way ANOVA revealed a significant group effect (F
(3,36) = 10.87, p < 0.001). Children with larger vocabularies had higher phonetic complexity
values than children with small vocabularies. Tukey HSD multiple comparisons indicated that
the precocious group differed significantly from late1 (p < 0.001), late2 (p < 0.01) and middle
groups (p < 0.01) but there were no significant differences between the two late and middle
groups.3

To examine whether there were qualitative differences in phonetic complexity between the
lexicons of late1, late2, middle and precocious children, we calculated the proportion of total
complexity occupied by the different sub-components of the IPC for each group of children.
Mean values per group are shown in Figure 2 alongwith the values based on the IFDC-R (n=518
items). Figure 2 indicates that phonetic complexity was realized in similar proportions by all
children with the bulk of complexity going to the categories of fricatives/liquids, 2+ PoA, dorsals

3One reason for the lack of significant differences in the late groups was the reduced numbers of words
in their lexicons. Child 66 (late1), for example, obtained the highest phonetic complexity value (i.e.
4.07) of all children but his score was based on only 15 items, several of which were high phonetic
complexity words (e.g. camion de pompier, glace, chocolat, popcorn).
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Figure 1. Box plot representations of mean phonetic complexity in the four groups of French-speaking
children separated according to vocabulary size. In a boxplot display, the center line represents the
median (50th percentile), the bottom and top of the box, the 25th and 75th percentile, and the whiskers,
the minimum and maximum values. Outliers are shown as individual points.

0

5

10

15

20

25

30

35

ytixelp
moclatotfo

%

Phonetic complexity components

late1
late2
middle
precocious
IFDC

Figure 2. Percentage of total phonetic complexity represented by the different phonetic components
of the IPC for the four vocabulary groups and for the restricted target set of the IFDC.
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and final codas. Nevertheless, there were subtle differences amongst the four vocabulary groups
in terms of their realization of phonetic complexity. The late talkers selected fewer words with
dorsals, three-syllables or more, and with tauto- and hetero-syllabic clusters. They compensated
for their reduced complexity in these areas by producing greater complexity in the categories of
fricatives/liquids, codas andmultiple PoAs. This latter finding does notmean that they produced
more words with fricatives/liquids, codas and multiple PoAs than children with larger vocabul-
aries; rather, itmeans that thesewere the areas of complexitywhich posed less difficulty for them.

One-way ANOVAs indicated that there were significant group differences for three of
the seven IPC sub-components: final codas (F(3,36) = 9.58, p < 0.001), multi-syllabic
words ((F(3,36) = 9.10, p < 0.001) and 2+ PoA (F(3,36) = 14.30, p < 0.001). Tukey HSD
multiple comparisons indicated that precocious children produced more multi-syllabic
words than the late1 group (p < 0.001). They produced fewer words with final codas
(percentage-wise as a proportion of total complexity) than the late1 (p < 0.001), late2
(p < 0.01) and middle (p < 0.001) groups and fewer words with 2+ PoA than the late1
group (p < 0.001). The middle group also differed from the late1 group in 2+ PoA
(p < 0.01). In sum, the findings provide support for different lexical selection patterns
amongst the four vocabulary groups.

Phonological memory

Figure 3 displays the NWR scores of the four groups of children separated according to
vocabulary size. NWR scores ranged from 1 through to 32 with a mean of 21 (out of a total of

Figure 3. Box plot representations of NWR scores in the four groups of French-speaking children
separated according to vocabulary size.
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32). Our statistical analyses here are based on 36 rather than 40 children since four children
did not complete the task. A one-way analysis of variance (ANOVA) revealed a significant
group effect (F(3,32) = 11.28, p < 0.001). Children with larger vocabularies had higher NWR
scores than children with small vocabularies. Tukey HSD multiple comparisons indicated
that the precocious and middle groups differed significantly from the late1 group (p < 0.001;
p < 0.01). There were no significant differences between the late2 and middle groups.

Phonological production

The average PCC value for the French-speaking children was 79.94% and ranged from
42.81% to 95.45%. The PCC results are shown in Figure 4 for the four different vocabulary
groups. A one-way ANOVA revealed a significant group effect (F(3,36) = 7.34, p < 0.001).
Children with larger vocabularies had superior PCCs than children with smaller vocabul-
aries. Tukey HSD multiple comparisons indicated that the precocious group differed
significantly from the late1 (p < 0.001) group. There were no significant differences
between the other groups.

The average number of consonants in syllable-initial and -final position in the
children’s phonetic inventories was 16 (range: 6–19) and 5 (range: 1–9) respectively.
The phonetic inventory results for syllable-initial and -final position across the four
groups of children are shown in Figures 5 and 6 respectively. A one-way ANOVA
indicated a significant group effect for CSI (F(3,36) = 9.04, p < 0.001). Children with

Figure 4. Box plot representations of PCC in the four groups of French-speaking children separated
according to vocabulary size.
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Figure 5. Box plot representations of mean number of syllable-initial consonants in the phonetic
inventories of the four groups of French-speaking children separated according to vocabulary size. In
the late2 group, the median and lower quartile values were the same (i.e. 15); in the middle group, the
median and the upper quartile values (i.e. 18) were the same.

Figure 6. Box plot representations of mean number of syllable-final consonants in the phonetic
inventories of the four groups of French-speaking children separated according to vocabulary size. In
the late2 group, the median and the lower quartile values were the same (i.e. 5.0).
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larger vocabularies had greater numbers of CSI than children with smaller vocabularies.
Tukey HSD multiple comparisons indicated that the precocious and middle groups
differed significantly from the late1 group (p < 0.001; p < 0.01). There were no
significant differences between the other groups. As for CSF, a one-way ANOVA
indicated a significant group effect (F(3,36) = 3.01, p < 0.05) but there were no
significant differences between groups when follow-up multiple comparisons were
conducted.

Neighbourhood density

ND values were calculated separately for one- (ND1) and two-syllable words (ND2). The
average ND1 was 24.00 and ranged from 22.40 through to 27.57. The average ND2 was
10.26 and ranged from 7.95 through to 12.15. The ND1 and ND2 results are shown in
Figures 7 and 8 for the four groups of French-speaking children. A one-way ANOVA
revealed a significant group effect for ND1 (F(3,36) = 11.02, p < 0.001). Children with
smaller vocabularies had higher ND1 values than children with larger vocabularies. Tukey
HSD multiple comparisons indicated that the precocious group differed significantly from
late1 (p < 0.001) and late2 (p < 0.01) but not from the middle group. The middle group
differed significantly from the late1 (p < 0.01) but not from the late2 group. The two late
groups did not differ significantly from each other. In the case of ND2, a one-way
ANOVA indicated no significant difference between groups (F(3,36) = 1.37, p > 0.05).

Figure 7. Box plot representations of ND for one-syllable words in the four groups of French-speaking
children separated according to vocabulary size.

CLINICAL LINGUISTICS & PHONETICS 1115



Correlations and linear regression

Table 1 displays the correlations amongst the different lexical and phonological vari-
ables. Moderate to moderately-high significant correlations were observed between all
variables with the exception of ND2 which was moderately correlated with phonetic
complexity and ND1 only, and phonetic complexity which was not correlated with
phonological memory or with the production variables based on the phonetic inven-
tory. Vocabulary size had moderately high correlations with phonetic complexity,
phonological memory, phonological production (in particular, CSI) and ND1.

Figure 8. Box plot representations of ND for two-syllable words in the four groups of French-speaking
children separated according to vocabulary size.

Table 1. Correlations amongst lexical and phonological variables.
Variables 1 2 3 4 5 6 7 8

1. Vocab size (IFDC) _ .67*** .76*** .62*** .69*** .40* −.76*** −.33*
2. Phonetic complexity _ .30 .58*** .24 .25 −.48** −.61***
3. Phonological memory (NWR) _ .53** .75*** .48** −.61*** .09
4. Phonological production (PCC) _ .50** .48** _.48** −.18
5. Phonological production (CSI) _ .52** −.68*** −.12
6. Phonological production (CSF) _ −.50** −.18
7. ND1 _ .46**
8. ND2 _

*p < 0.05; ** p < 0.01; *** p < 0.001
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We conducted a linear regression model entering the seven variables, phonetic
complexity, NWR, PCC, CSI, CSF, ND1 and ND2 as predictor variables and using
total vocabulary size at 2;5 as output variable.4 Due to the fact that there were
missing data for NWR, we used the impute function in R to provide five different
estimates of missing values and, accordingly, to compute five different models based
on the estimates. We then used the pooled model function to determine which
variables were significant in our model. It showed that three variables were signifi-
cant: Phonetic complexity, ND1 and CSI.

5 We then entered the three variables
individually to determine which accounted for the most variance. The results were
as follows: ND1 accounted for the highest unique variance (57%), followed by
phonetic complexity (an additional 11% unique variance) and CSI (an additional
8% unique variance). The final model accounted for 76% of the variance of total
vocabulary size. It is shown in Table 2.

Discussion

The purpose of the study was to examine the influence of phonological and lexical
variables on the vocabulary development of French-speaking children, aged 2;5. We
aimed to determine whether children who have small vocabularies differ from
children who have medium and large vocabularies in terms of the phonetic complex-
ity and neighbourhood density (ND) of their lexicons and in terms of their phono-
logical memory and production. We also aimed to determine how much variance in
vocabulary size could be accounted for by these variables. Our results showed
significant group differences in all four sets of variables. They also showed that a
high proportion of variance in total vocabulary size could be accounted for by ND in
combination with phonetic complexity and phonological production. In the follow-
ing paragraphs, we discuss the findings in more detail.

Table 2. Results of hierarchical regression analyses for predicting vocabulary size.
Model β SE t p value

Model 1: IFDCtot ~ ND1+ Phonetic complexity + CSI
1. Intercept 3095.86 374.54 8.266 < 0.001
ND1 −112.29 15.59 −7.201 < 0.001
2. Intercept 1377.25 545.77 2.524 < 0.05
ND1 −84.13 15.16 −5.549 < 0.001
Phonetic complexity 285.98 73.59 3.886 < 0.001
3. Intercept −131.890 636.216 −.207 > 0.05
ND1 −42.664 17.590 −2.426 < 0.05
Phonetic complexity 316.468 64.677 4.893 < 0.001
CSI 25.765 7.217 3.570 < 0.01

4We use the total IFDC score as our dependent variable of vocabulary size. Preliminary analyses
revealed that similar correlations were obtained regardless of whether we took the total IFDC or
the IFDC-R as dependent variable.

5The Variance Inflation Factors (VIF) were 2.30 for ND1, 1.32 for phonetic complexity and 1.9 for CSI
suggesting acceptable levels for multi-collinearity.
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Group differences

The children in this study were divided into four groups based on their vocabularies sizes
at 2;5. Our results indicated that children in the precocious group selected words with
greater phonetic complexity and with lower ND than children in the late and middle
groups. They had superior phonological working memories and phonological production
abilities. Multiple comparisons did not reveal significant differences between all four
groups however. The precocious group, which was characterized by low intra-group
variability, tended to differ from the other groups, whereas the late1 group, which was
characterized by high intra-group variability, tended to have similar scores to the late2 and
middle groups. The lack of significant group effects for the low vocabulary groups may
result from reduced power relating to sampling effects: the number of items was reduced
in the late talkers in comparison to the other groups.

These findings are consistent with those of Stokes and colleagues which show that
children with low vocabulary sizes select words from high density neighbourhoods (Stokes
et al., 2012a, 2012b). They studied a group of children ranging in age from 2;0 to 2;6
whereas we focused on children, aged 2;5 only. Thus our results indicate that even at the
outer limits of the age range 2;0 to 2;6, the effects of ND appear to be strong. We extended
Stokes et al.’s (2012a, 2012b) research by also examining ND for two-syllable words. We
hypothesized that if ND is a robust strategy for word learning, its effects may also be
evident in the analyses of longer words. In our study, one-syllable words represented only
38% of children’s vocabularies, whereas two-syllable words represented 44%. Although
there was a clear trend for the ND of two-syllable words to decline as vocabulary size
became smaller (see Figure 8), our statistical tests did not show a significant group effect,
nor did this measure correlate with other lexical and phonological variables to the same
degree as the ND of one-syllable words (see Table 1). Thus, we conclude that the effects of
ND on word learning pertain particularly to one-syllable words.

Our results are consistent with numerous studies showing that late talkers have inferior
and precocious talkers have superior production abilities compared to their typically
developing peers (Paul & Jennings, 1992; Rescorla & Ratner, 1996; Smith et al., 2006).
These studies have used a variety of measures to tap phonological production including
phonetic inventories, consonant and vowel precision (PCC and PVC), and the number of
phonological processes present in spontaneous speech. In this study, we utilized three
production measures, PCC, CSI and CSF, which we extracted from phonetic transcriptions
of the children’s spontaneous speech. PCC and CSI proved sensitive to group differences in
vocabulary size whereas CSF did not. Previous analyses on a similar database of children
also found phonological measures based on syllable-initial position to be more sensitive to
lexical effects than those based on syllable-final position (Kehoe et al., 2015). These results
are in opposition to those conducted on English-speaking children, which find stronger
correlations between vocabulary size and phonological measures based on syllable-final
position (Rescorla & Ratner, 1996; Smith et al., 2006). We assume that differences in the
phonological structure of English and French underlie these different effects, French
having a higher proportion of open syllables than English (Delattre & Olsen, 1969). As
vocabulary size grows, English-speaking children need to represent and produce final
consonants accurately in order to maintain functional differences between words. In
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contrast, French-speaking children need to do this to a lesser extent. Instead, they need to
concentrate on syllable-initial contrasts.

Similarly, our findings are in accordance with numerous studies which show a relation-
ship between vocabulary knowledge and phonological working memory in children as
young as two years (Hoff et al., 2008; Stokes & Klee, 2009b). Children with small
vocabularies may be less efficient at supporting short-term memory representations or
creating long-term memory representations of phonemes due to their reduced lexical
knowledge (Archibald & Gathercole, 2006). Conversely, their poor phonological memory
skills may make them less able to learn new words (Hoff et al., 2008).

There has been less research on the phonetic complexity of words selected by late
and precocious talkers. Nevertheless, our findings support studies which have exam-
ined the phonological characteristics of children’s lexicons at different ages (Fletcher
et al., 2004; Gayraud & Kern, 2007; Stoel-Gammon, 1998). These studies show that
older children’s lexicons contain phonetically more complex words than younger
children’s. Our results indicate that the lexicons of lexically advanced children contain
phonetically more complex words than the lexicons of lexically impoverished children.

The phonetic complexity values of the late1 group were also characterized by
extreme variability (see Figure 1). As mentioned, some of this variability may arise
from methodological factors related to the reduced numbers of items used to compute
phonetic complexity for some of the late talkers. However, some of this variability may
signal important individual differences with implications for later development. The
late talkers who choose words with high phonetic complexity may resolve their
expressive language difficulties whereas those who choose words with low phonetic
complexity may present with expressive language difficulties later on. Presumably,
choosing phonetically more complex words leads to higher quality phonological
representations which in turn leads to enhanced word learning. Note that Stokes
et al. (2012b) made a similar type of prediction concerning individual differences in
ND values amongst late talkers. They hypothesized that those late talkers who have
ND values similar to their typically developing peers may have failed to use a statistical
learning mechanism, restricting learning to highly functional words. They may have
less difficulty proceeding to later stages of word learning which require mapping of
words from sparser neighbourhoods to semantic representations. A longitudinal study
design would be important to confirm whether phonetic complexity and ND values at
2;5 are predictive of later vocabulary development.

Our analyses of phonetic complexity also focused on the individual components of
the IPC. We observed relative differences between vocabulary groups across phonetic
parameters leading us to infer that words containing dorsal consonants, three or more
syllables, tauto- (e.g. tracteur) and hetero-syllabic clusters (e.g. tracteur) are likely to
be selected less often by children with low vocabularies than words containing other
phonetic parameters (e.g. fricatives/liquids, word-final codas, 2+ PoA). In essence,
these parameters were the phonetically most complex of the IPC. Statistical analyses
confirmed that there were significant differences amongst the vocab groups, suggesting
that phonetic properties play a role in children’s selection of words.
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Regression analyses

The linear regression analyses revealed that the ND of one-syllable words, phonetic
complexity and the production variable, CSI, accounted for 76% variance in vocabulary
size. Nevertheless, the bulk of the effect was carried by ND1. This result mirrors work by
Stokes and colleagues which indicates that ND alone accounts for a surprisingly high
proportion of variance in children’s vocabulary development (Stokes et al., 2012b). That is,
the number of phonological neighbours of one-syllable words in children’s lexicons is
highly predictive of children’s overall vocabulary size.

Our study design differs from Stokes and colleagues in that we did not include word
frequency (WF) as variable (Stokes, 2010; Stokes et al., 2012a, 2012b). They found that it
played a reduced role in their regression models in comparison to ND, and, thus, we chose
to focus on other phonological variables such as phonetic complexity and production.
More recently, Kern and Dos Santos (2017) have reanalysed Stokes et al.’s (2012b) French
data and found WF to play a stronger role. They separated out one-syllable words
according to grammatical category (nouns vs. predicates) and used median rather than
mean scores for WF. The latter was an attempt to neutralize the effects of extreme values
that arose from the inclusion of high frequency verbs. Kern and Dos Santos (2017) found
a similar pattern of results to Stokes et al. (2012b) when nouns and predicates were
grouped together but when they separated out grammatical category, WF accounted for
more variance in vocabulary size for nouns than ND did, and neither of them accounted
for any variance in vocabulary size for predicates. Thus, it is possible that a reanalysis of
the data including the variable of WF may yield different results to the current ones,
particularly if grammatical class is taken into consideration.

Kern and Dos Santos (2017) also looked at phonetic complexity but found it not to
account for any additional variance beyond ND and WF. Our study differs from theirs in
that we calculated phonetic complexity across the entire IFDC-R rather than only for one-
syllable words. In preliminary analyses, we found the phonetic complexity of one-syllable
words to be minimally correlated with vocabulary size (r = .37) but the phonetic complex-
ity of the entire vocabulary set to be moderately to highly correlated (r = .67), possibly
because certain components of the IPC (i.e. presence of multi-syllabic words and hetero-
syllabic clusters) cannot be indexed in one-syllable words. The current results show that
phonetic complexity when based on the IFDC-R explains additional variance to ND1,
suggesting that children with low vocabularies are seeking phonetically simpler words
regardless of the neighbourhoods in which these words reside.

Maekawa and Storkel (2006) found that ND and WF accounted for word learning,
specifically, the age of first production of words, but it did so for only one of the three
children studied. The variable that affected word learning for all three children was word
length, a variable that takes into consideration the number of phonemes in the target
word. Given that this variable also measures complexity of the target word, it resembles
our measure of phonetic complexity. Indeed, the IPC assigns points to multi-syllabic
words and words with final consonants and clusters, and, as such, measures word length
indirectly. Future studies should determine whether phonetic complexity accounts for
similar amounts of variance as word length or whether it is even more sensitive, since it
considers phonological features which pose difficulty in production such as manner (e.g.
fricatives/liquids) and place (e.g. dorsals, 2+ PoA) of articulation.
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One of the most important findings of the present study is that phonological
production matters to vocabulary learning. The association between phonological
production and lexicon size is well established, but few studies have examined the
proportion of variance accounted for by production versus other phonological or
lexical variables. In an earlier analysis, PCC accounted for a small amount of unique
variance (2%) over and above ND and phonetic complexity (Kehoe & Patrucco-
Nanchen, 2017). In the current analysis, CSI accounted for a greater amount of unique
variance (8%) and thus proved to be a more sensitive measure of lexical-based
production effects than PCC. Our results suggest that children who have fewer sounds
in their phonetic inventories, particularly in their syllable-initial phonetic inventories,
are hindered in their vocabulary learning.

Recently, Zamuner and Thiessen (2018), show that children’s production experience
with the sounds of a target word accounts for variance in their likelihood of imitating
that target word. The model that best accounted for imitation contained variables
related to the properties of the target word (i.e. ND) and the child’s production
experience, results not dissimilar to ours. These findings in conjunction with previous
work in lexical selection (Ferguson & Farwell, 1975) and on the “articulatory filter”
(Vihman, 1996, 2017) strongly suggest that words containing sounds that children can
produce will be more salient to them, make fewer processing demands, be more
robustly represented in memory, and, consequently, will be more likely to be learned.
Of course, the causal direction between phonological production and the lexicon
cannot be resolved from the regression findings and, thus, an alternative interpretation
of the results is that children who have small vocabularies are prevented from devel-
oping their phonological production capacities. Current models of lexical-phonological
interactions which emphasize the dynamic relationship between the two domains
would lead us to posit that word learning and phonological development occur in
tandem (Edwards, Munson, & Beckman, 2011; Stoel-Gammon, 2011).

Phonological working memory did not prove significant in our regression analysis,
although its effect may have been weakened by the need to impute missing data. Hoff
et al. (2008) found a relationship between phonological working memory and voca-
bulary size in two-year olds, after partialling out the variance shared with real-word
repetition. They argued that this finding was evidence that phonological working
memory was tapping into “something more” than articulation accuracy, namely, the
phonological memory component. In the current study, phonological production, as
measured by CSI, emerged as a stronger predictor of vocabulary size than phonological
memory. At later age ranges, when consonant inventory sizes are homogeneous and at
ceiling levels, phonological memory may prove to be the more sensitive measure of
vocabulary development.

Limitations and future directions

This study focused only on lexical and phonological variables and we do not exclude
that other types of variables (i.e., demographic, behavioural, social-pragmatic, seman-
tic) may explain variance in vocabulary size more completely than this set of variables.
We also do not exclude that other phonological variables such as phonotactic prob-
ability may yield similar results to the current ones. Given the high correlations
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between phonological and lexical variables (Storkel, 2009), it may well be that a single
phonological component as yet to be determined is at the root of the significant
regression results.

In sum, our findings suggest that several phonological and lexical factors influence
children’s vocabulary size. They are ND, the phonetic complexity of the target word, and
the phonological production skills of the children. Together these factors accounted for an
impressive proportion of the variance in children’s vocabulary size. Our findings are
consistent with the notion that children, aged 2;5, are reliant on ND to support word
learning. Equally, we show that phonological production is important to vocabulary
acquisition since children with fewer sounds in their phonetic inventories also have
smaller vocabularies. In future research, we would like to enter word length and WF
into our analyses in order to ensure that the variance in vocabulary size currently
accounted for is not better explained by other inter-related variables. In addition, we
would like to examine the findings longitudinally to determine which variables among the
ones we have measured are the most predictive of children’s later vocabulary
development.
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Appendix A

Stimuli in French NWR task

One-syllable Two-syllables Three-syllables

1 /dyl/ /ma’lɔ̃/ /nupi’ʁœj/
2 /bam/ /ga’bu/ /pile’ko/
3 /ʁup/ /su’tœʁ/ /tefi’lɔ̃/
4 /sɔb/ /fɔ’nɛt/ /sikɔ’mal/
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