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Non-word repetition in bilingual children: the role of language exposure,

vocabulary scores and environmental factors

Abstract

Assessing language development in bilingual children is challenging in geographical
areas where bilinguals have different native languages. Lexical development measures
are often used as a starting point to study linguistic abilities in bilingual children.
Non-word repetition (NWR) has been found to be very informative in detecting
variation. The present study contributes to the broader research aim of documenting
bilinguals' language skills. In a sample of 19 Italian-speaking bilingual children with
different native languages, correlations among performance on an Italian-like NWR
and receptive vocabulary score (Italian PPVT-R), cumulative exposure, age of first
exposure to Italian, current Italian exposure, maternal education, parental concerns and
vocabulary in toddlerhood (MB-CDI) were calculated. NWR performances correlated
with PPVT-R and parental concerns, but not with maternal education and language
exposure measures. Neither NWR scores nor PPVT-R scores were related to Italian
vocabulary size in toddlerhood (MB-CDI). We integrate our results with those of others
and discuss the advantages and disadvantages of administering NWR to bilingual

children, and more generally how to perform early bilingual language assessments.

Keywords: non-word repetition, bilingualism, language exposure, parental concerns,

receptive vocabulary, bilingual language assessment.

Introduction

Monolingual children vary greatly in the speed and manner in which they acquire language
(Frank et al., 2017). Developmental paths of bilinguals appear even more diverse, potentially
due to variation in important factors such as the quantity and quality of language exposure
(Carroll, 2016; Gatt & O’Toole, 2016). Some heterogeneity is considered to be within the
range of what is typical, but other variation can be a sign of atypical development. The
present study contributes to the broader research aim of documenting bilinguals' language

skills. More specifically, we relate performance in a non-word repetition (NWR) task



administered at age 4 years to previous and concurrent vocabulary, language exposure
measures, parental concerns, and maternal education. Additionally, we explore the predictive
value of monolingual vocabulary assessed in toddlerhood on a NWR task and a monolingual

vocabulary test.

Detecting atypical language paths

Different authors underlined the need for early identification of atypical language
development in order to promote early language intervention and improve language and
overall outcomes in children with persistent language difficulties (Chilosi et al., 2019; Fisher,
2017; Liike et al., 2016; St Clair et al., 2019). In monolingual children, before the age of 3
years, atypical language developmental paths are usually detected through low performance
in expressive vocabulary assessments, often relying on parental reports (Fenson et al., 2007,
Rescorla, 1989). One such instrument is the MacArthur-Bates Communicative Development
Inventory (MB-CDI), a parental questionnaire often used to identify toddlers with an
expressive delay, who are usually called late talkers (Marini et al., 2017; Desmarais et al.,
2008). Following Bishop et al. (2017), we will talk about language difficulty rather than
delay. After the age of 4 years, children with language difficulties in toddlerhood can evolve
in several ways. Some of them receive a diagnosis of developmental language disorder
(DLD), showing persistent language difficulties in one or more language domains (Bishop et
al., 2017). Others, called late bloomers, bridge their linguistic gap and show similar language
performance as their peers without a history of language difficulties (Desmarais et al., 2008;
Reilly et al., 2018).

It is difficult to transpose this approach to bilinguals, for several reasons. First,
assessing bilinguals in one language and comparing them to monolinguals is not fair, because

such instruments capture vocabulary of monolinguals better than that of bilinguals. Second,



norms often do not reflect the bilingual population, since tests are not typically normed on
bilingual samples (Rinaldi et al., 2019; Rescorla, 1989).

ASHA and IALP recommend assessing both languages in bilingual children (ASHA,
2004; IALP, 2011). However, it is very difficult to assess language development in all the
target languages the child is exposed to during her lifespan. First of all, clinicians have to be
proficient in all the different native languages (i.e., languages spoken at home) spoken by
bilinguals in a geographical area. Then they are called to evaluate children on all the
languages the children are exposed to, using assessment tools with appropriate norms or
statistically controlling for differences in age at onset and amount of input. Moreover, it has
to be underlined that acquiring data in the languages spoken by bilingual children is mainly
feasible in geographical areas with a homogenous bilingual population. Indeed, in some US
regions, such as Florida and California, some bilingual assessment procedures for bilingual
language development have been created. In countries, like Italy, where bilingual children are
exposed to a wide variety of native languages in addition to a common major language, e.g.,
[talian in Italy and in the current study, some of the stumbling blocks for a bilingual language
assessment are: a lack of culturally sensitive assessment tools, a dearth of bilingual speech
and language therapists, and reduced financial aids (Armon-Lotem, de Jong & Meir, 2015).
Finally, there is no method for measuring absolute quantities of exposure in one language
(i.e., there is no way of asking the parent how much people talk to their child and expect them
to estimate this accurately).

It is likely that bilinguals vary more than monolinguals do because key causal factors
affecting language development in the latter vary to an even greater extent among bilinguals.
One such factor is language exposure (e.g.: Carroll, 2016; Hoff et al., 2012). Specifically,

evidence supports the claim that quantity and quality of language exposure of each language



spoken by bilinguals affect their lexical and grammatical development (Gatt & O’Toole,
2016; Hoff et al., 2012).

It turns out that, despite its potential weaknesses, assessing language development
with vocabulary checklists in the major language remains the most viable tool for clinicians
interested in serving bilingual and multilingual children younger than 3 years, in geographical
areas, like Italy, where there are different cultural and linguistic minorities and children from
migrant and immigrant parents have diverse native languages (Onofrio, Rinaldi & Pettenati,
2012).

Regarding bilingual language assessment after the age of 3, a recent research network
attempts to assess bilingual language-general (as opposed to language-specific) development,
with the main aim to optimally exclude the impact of prior language exposure and
language-specific proficiency of bilingual children, in order to minimize the impact of
bilingual status (Armon-Lotem, de Jong & Meir, 2015). This is particularly useful in
geographical areas where children are exposed to one major language and to a variety of
other native languages. For instance, different non language-specific (so-called
crosslinguistic) assessment tools were developed with the aim of identifying atypical
language development in bilingual children: a receptive and expressive lexical task (Haman,
Luniewska & Pomiechowska, 2015), a narrative retelling (Gagarina et al., 2012), and a
crosslinguistic NWR list (Chiat & Polisenska, 2016). To our knowledge, some adaptations
are available for different languages for the crosslinguistic lexical (Haman, Luniewska &
Pomiechowska, 2015), narrative (Gagarina, Bohnacker & Lindgren, 2019) and NWR
(Boerma et al., 2015; dos Santos & Ferré, 2016; Grimm et al., 2014) tests, but no adaptations

have been published for bilingual Italian-speaking populations.



NWR and individual variation among bilingual children

NWR tasks have been found to be sensitive in identifying atypical language development in
childhood indexing fine individual differences in working memory, phonological knowledge,
and/or lexical skills, among others (Armon-Lotem, de Jong & Meir, 2015; Marini et al.,
2015). In it, children hear a nonsense word (i.e., an item that has no meaning in the target
language, but it sounds like a word in that language) and have to immediately repeat it.
Working memory is a complex cognitive function, constituted by a central executive
system that controls and manages the information flow that has to be treated, a visuo-spatial
sketchpad and an articulatory loop. In the articulatory loop, there is a phonological short-term
memory component, which is responsible for controlling articulatory processes selecting
linguistic material that has to be maintained for a brief period for language treatment
(Baddeley, 1986). In NWR tasks, children cannot use any well-learned word production
routines and must instead piece together the item using phonological audio-articulatory
representations (Baddeley, 1986; Dispaldro, Leonard & Deevy, 2013). Thus, the nature of
NWR tasks allows us to explore the functioning of phonological short-term memory
components, without primarily involving the linguistic abilities of a target language
(Armon-Lotem & Meir, 2016; Munson, Kurtz & Windsor, 2005). Recent research designs
use crosslinguistic nonwords in order to maximally reduce the influence of lexical and
sub-lexical skills on NWR tasks (Armon-Lotem, de Jong & Meir, 2015). Beyond research
designs, NWR is considered a neuropsychological task since it mainly involves phonological
short-term memory processes, with different degrees of influence from language-specific
proficiency depending on the nature and features of the NWR stimuli (Munson, Kurtz &
Windsor, 2005). Focusing on monolingual Italian samples, three relevant studies showed that
NWR distinguishes monolingual children with typical language development from those with

atypical language development: NWR performance was significantly different in children



with versus without a developmental language disorder (Estes, Evans & Else-Quest, 2007),
and with versus without a history of expressive language difficulties (Marini et al., 2017;
D’Odorico et al., 2007).

As discussed briefly above, NWR lists can be developed following different research
designs: there are language-like nonwords that are built with lexical and phonological cues of
a target language, or stimuli elaborated following phonological properties shared across two
or more different languages, in which case they are called non-wordlike (Thordardottir,
2017), quasi-universal (Armon-Lotem & Meir, 2016; dos Santos & Ferré, 2016) or
crosslinguistic (Chiat & PoliSenska, 2016) nonwords. Crosslinguistic stimuli are sometimes
recommended over language-specific ones (Thordardottir, 2017), especially with bilinguals.
The intuition is that, by building items that are not specific to a given language, strong
phonological skills in any of the languages spoken by the child may be helpful for such a task
(Boerma et al., 2015; Chiat & Polisenska, 2016). It should be noted, however, that it is
impossible to build a truly universal list because languages' phonologies can vary in mutually
incompatible ways. For example, it is impossible to build a 10- or 20-item list that is
phonologically legal but lexically meaningless in languages that are very different in their
phonological properties. Consider the case of a language that requires closed or heavy
syllables (such as English), together with a language that disallows closed syllables (such as
Mandarin). This is a particularly clear example, but similar problems will emerge when
trying to construct stimuli for two tonal languages that have different rules governing the
co-occurrence of tones and syllable structures or tones and phonemes, languages that have
incompatible phonotactics, and even languages whose phonological inventory overlaps little.

Another aspect of NWR stimuli that can affect performance is length. Some authors
have found significant correlations between the length of NWR stimuli (in, e.g., number of

syllables) and children’s NWR performance (Marini et al., 2017; Windsor et al., 2010):



longer NWR stimuli are more difficult to repeat than shorter stimuli both for monolingual
(Coady & Evans, 2008; Munson, Kurtz & Windsor, 2005; Petruccelli, Bavin & Bretherton,
2012) and bilingual (Gibson et al., 2015; Summers et al., 2010) children. This effect suggests
that longer non-words impose a greater load on phonological working memory, which (as
summarized above) might be enhanced by lexical knowledge (Coady & Evans, 2008).
Evidence on NWR tasks to identify bilingual children with atypical language
development is controversial. Some authors found that certain NWR lists were an accurate
clinical marker to detect DLD as well as to identify early language difficulty (Guiberson &
Rodriguez, 2015) using language-specific nonwords in one language (Girbau & Schwartz,
2008; Saiegh-Haddad & Ghawi-Dakwar, 2017) or two (Gibson et al., 2015); other work uses
crosslinguistic nonwords (Armon-Lotem & Meir, 2016; dos Santos & Ferre, 2016). Others
have found that English-like NWR was not useful to identify Spanish-English bilinguals with
DLD (Gutiérrez-Clellen & Simon-Cereijido, 2010; Kohnert, Windsor & Yim, 2006).
Nevertheless, in situations where neither crosslinguistic nor language-specific NWR lists for
all the languages spoken by children are available, bilinguals can only be assessed using a
language-specific NWR task created to assess NWR performance in the major language (in
our study, Italian), keeping in mind that word acquisition processes and lexical abilities in
that language can influence NWR performance (Armon-Lotem & Meir, 2016; dos Santos &

Ferré, 2016).

Factors related to NWR performance

As noted briefly above, NWR performance likely reflects a host of factors varying across
individuals, factors which may to some extent be correlated among them. It is beyond the
scope of this paper to perform a systematic review on all possible predictors of NWR

performance, but we would like to close this overview with a synthesis on some key factors



relevant to the present study: vocabulary score, language exposure, socioeconomic status, and
parental concerns.

Different theories suggest lexical abilities might be related to NWR performance in
both monolingual (Munson, Kurtz & Windsor, 2005; Stokes, Moran & George, 2013) and
bilingual (see Appendix A) children. One of the main arguments is that in childhood children
have already started developing their receptive and expressive vocabulary: lexical and
sub-lexical components involved in word acquisition mechanisms could enhance cognitive
and linguistic processes enrolled during NWR tasks (Coady & Evans, 2008). Mixed results
are reported on the correlation between NWR and vocabulary measures, with the majority of
studies reporting moderate to strong results. While significant correlations were found in
samples of monolingual (D’Odorico et al., 2007; Marini et al., 2017; Stokes, Moran &
George, 2013) and bilingual (Guiberson & Rodriguez, 2015) children with and without early
language difficulties, some authors found non-significant correlations among monolingual
toddlers (Stokes, Moran & George, 2013) and children (McBride-Chang et al., 2005), as well
as in bilingual children (Park & Schwarz, 2016). Finally, mixed evidence has been found for
language-like (e.g., Marini et al., 2017; Stokes et al., 2013) and non-wordlike (e.g.: Chiat &
Polisenska, 2016; Huls, 2017) stimuli, with a longitudinal study reporting consistent
correlations between receptive vocabulary and language-like NWR across ages, but mixed
evidence for non-wordlike stimuli (White, 2020). In previous literature, correlations on
bilingual samples are often calculated assessing NWR accuracy and lexical scores within the
same target language, e.g., English NWR and English lexical scores (Core et al., 2017;
Duncan & Paradis, 2016). In a publication with a sample size similar to our study, authors
found small to moderate effects and non-significant results on Korean-English bilingual

children (Park & Schwarz, 2016).



As mentioned previously, exposure to a given language varies across bilingual
children. Although there is disagreement as to how to measure language exposure optimally
(Hoff, 2020; Thordardottir, 2017), it is likely that this factor is crucial for language
acquisition (Carroll, 2016; Hoff et al., 2012; Place & Hoff, 2011). Three language exposure
measures are frequently used to study its association with NWR, namely age of first
exposure, current exposure, and cumulative exposure. Regardless of the definition, results on
whether NWR performance correlates with language exposure among bilinguals are mixed
(see Appendix B), as we illustrate next.

Both significant (Thordardottir & Juliusdottir, 2013; Li’el, 2017) and non-significant
(de Almeida et al., 2017) correlations have been found between NWR performance and age
of first exposure to a target language, while others found both significant and nonsignificant
associations in the same sample (Huls, 2017; Summers et al., 2010). For example, in a study
on 47 Spanish-English bilinguals living in the US, results revealed that the age of first
exposure to English was not significantly related to English-like and crosslinguistic NWR
scores, but significantly related to a composite score of English- and Spanish-NWR
performance (Huls, 2017).

Current exposure is the amount of exposure to a target language calculated inen a
short period just before the assessment. Current exposure was significantly correlated with
NWR accuracy in a sample of 45 Welsh-English preschoolers (Sharp & Gathercole, 2013),
while in a sample of 135 Spanish-English toddlers the association between current Spanish
exposure and English-NWR performance approached significance, but current Spanish
exposure was not significantly related to Spanish-NWR accuracy (Core et al., 2017).

Finally, cumulative exposure is measured in diverse ways across papers. For example,
one definition is based on the amount of exposure to a target language calculated in daily

waking hours (e.g., Parra, Hoff & Core, 2011); another relies on an index considering
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settings, speakers, and speakers' speech features (Thordardottir & Brandeker, 2013); a third
considers the length of institutional exposure to the major language (Duncan & Paradis,
2016). The association between cumulative exposure and NWR performance was significant
in some studies (Duncan & Paradis, 2016; Gibson et al., 2015; Thordardottir, 2017) and not
significant in others (Altman et al., 2014; Abed Ibrahim & Fakete, 2018; Parra, Hoff & Core,
2011); yet others report both significant and non-significant correlations in the same sample
(Brandeker & Thordardottir, 2015; Thordardottir & Brandeker, 2013).

These three implementations (age of onset, current exposure, cumulative exposure)
presumably measure different aspects of the experience and its effect, and therefore we report
below on all three. Similarly to NWR and receptive vocabulary, in previous literature it is
common to calculate correlations between NWR performance of nonwords developed using
language-specific features and exposure to that same language (e.g., Spanish-NWR
performance and Spanish language exposure in Core et al., 2017; but see also de Almeida et
al., 2017; Thordardottir, 2017). Moreover, some studies analyzed the relationship between
language exposure and NWR performance comparing monolinguals against bilinguals: they
found both significant (e.g., Engel de Abreu et al., 2013; Haman et al., 2017) and
non-significant (Chiat & PoliSenska, 2016; Paradis, Emmerzael & Duncan, 2010)
correlations.

Other variables might be related to NWR performance besides vocabulary
development and language exposure. First, socioeconomic status (SES) seems to be a
relevant variable among environmental factors that influence the cognitive and linguistic
development in infants (Meir & Armon-Lotem, 2017). SES is indexed by parental occupation
(Marini et al., 2017), household and neighborhood information (Li’el, 2017) or, more
commonly, parental education (Balladares, Marshall & Griffiths, 2016; Meir &

Armon-Lotem, 2017; Seeft-Gabriel, Chiat & Roy, 2008). Mixed results are found in the
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literature on the association between NWR performance and SES; more specifically, mixed
evidence has been found considering NWR research design. While non-significant
associations were reported between SES and non-wordlike stimuli (Antonijevic et al., 2019;
Boerma et al., 2015; Chiat & PoliSenskd, 2016), both significant (Meir & Armon-Lotem,
2017) and non-significant (Balladares, Marshall & Griffiths, 2016; Huls, 2017) correlations
have been found using language-like nonwords.

Second, while parental concerns have been found informative on both monolingual
and bilingual language development (Bedore et al., 2011; Boerma et al., 2015, Tuller et al.,
2018), few studies explore the association between NWR score and parental concerns. A
recent study evaluated bilingual children using a multiple risk factors index and found
parental referrals were related to language development (typical vs atypical language
development) above and beyond other risk factors in French schoolers with different

non-French native languages (de Almeida et al., 2017).

The current study

The current study aims at providing one new data point on language assessments of young
bilinguals. In a sample of Italian-speaking bilingual children, we collected NWR
performance, estimated Italian receptive vocabulary, language exposure to Italian, parental
concerns about language development and maternal education. Additionally, given the
paucity of evidence on bilingual lexical development from toddlerhood to childhood (Hoff et
al. 2014a), we explored whether Italian expressive vocabulary in toddlerhood predicted later
differences in performing an Italian-like NWR task in childhood among bilinguals (both in
terms of correlations and via a subgroup analysis), as well as receptive vocabulary score on a

picture pointing test.

We aimed to contribute data to these questions:
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(1) What is the association strength between NWR performance and receptive
vocabulary, language exposure measures, parental concerns and maternal education?

(2) What is the association strength across monolingual assessments in the major
language (Italian), specifically, between vocabulary size in toddlerhood (i.e., at about

21.7 — 31.4 months of age), NWR accuracy and vocabulary score in childhood?

In general terms, the following results and interpretations could have been predicted,
although evidence for most of these predictions is mixed, as summarized above. Regarding
question (1), a significant correlation between receptive vocabulary and NWR would support
the hypothesis that language-like nonwords are influenced by lexical and sub-lexical cues.
Language exposure measures should be associated with NWR performance, since
language-like nonwords performance might be affected by language exposure. Similarly,
language-like nonwords, which should be potentially affected by language-specific
development, could be associated with maternal education, which has been reported to be
associated with language development. Finally, parental concerns could be correlated to
NWR performance as parental concerns have been found to be a reliable preliminary index of
children’s language development. As for (2), we expected correlations among these metrics,

which are all indices of children's Italian skills.

Materials and Methods

Participants

Nineteen children (9 girls) participated in this study. They were between 3.8 and 5.6 years of
age (mean age 4.4 years) when NWR and background information were collected. All
children were born in Italy from families in which neither parent spoke Italian natively or one
of the parents had a native language different from Italian. As for children whose both parents

spoke a language other than Italian natively, two had parents who spoke Spanish, two
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Romanian, and the remaining children had Arabic-, Creole-, Polish-, Tagalog- and
Ukranian-speaking parents. As for the participants having one parent who spoke a language
other than Italian, three children were exposed to French, two to English, two to German, and
one to each of the following: Croatian, Moldavian and Romanian. Children can thus be
considered as bilingual since they were exposed to Italian and one more language early on in
their life (age of Italian onset ranged from birth to 22 months, mean 6.42 months, depicting
the bilingualism heterogeneity). This heterogeneity does not decrease methodological rigor
and it reflects bilingualism complexity (Gatt, O’Toole & Haman, 2015). Cumulative
exposure, current exposure and age of Italian onset were computed as language exposure
measures to quantify bilingual language exposure. All of the children were born full-term (at
least 37 weeks gestational age) and had an uneventful birth. No parent reported suspicions of
cognitive, neurosensory, or psychiatric disorders. Parents of children had filled in the Italian
Words and Sentences Short Form of the MacArthur-Bates CDI (MB-CDI) when children
were younger than 3 years of age (Onofrio, 2017). Furthermore, in order to explore the
predictive value of MB-CDI scores in toddlerhood on NWR performance across word length
in childhood, we divided children in two sub-groups on the basis of having obtained a
MB-CDI score either below or above the 10th percentile (Desmarais et al., 2008; Fenson et
al., 2007); eight children (4 girls) obtained a MB-CDI score lower than the 10th centile in

toddlerhood (see Appendix F).

Instruments and procedure

Children were evaluated at either the Language and Communication across Modalities
laboratory of the Institute of Cognitive Sciences and Technologies in Rome or their home.
Experimental data were collected between February 2018 and May 2018. A speech and

language therapist (the first author) administered the tests in a quiet room, and each child was
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assessed individually, which took 45 minutes. All testing sessions were videotaped,

transcribed, and analysed.

Children were assessed with two tests based on direct observation: (a) the NWR test
(Dispaldro, Leonard & Deevy, 2013) and (b) the Italian version of the Peabody Picture
Vocabulary Test (Stella, Pizzoli & Tressoldi, 2000). Parents of children were administered an
[talian adaptation of a semi-structured interview to measure language exposure, maternal
education and parental concerns (see Appendix C).

The NWR test (Dispaldro, Leonard & Deevy, 2013) was used to assess children's
repetition of nonwords. In that work, 24 two- to four-syllable nonwords (8 stimuli for each
word length) had been designed following Italian phonological constraints. Those authors
specified that they built stimuli from real words, keeping the initial phoneme and changing
the remaining phonemes with similar sonority and manner of articulation; for example /bava/
(drool) became /bofo/, and /galera/ (prison) became /gorelo/. They also reported that they
developed stimuli with low phonotactic probability. The current NWR stimuli can thus be
considered language-like (Italian-like) non-words. Two NWR notation systems seem to be
the most commonly used by the scientific community: word accuracy, which is the
proportion of non-words that were correctly repeated (e.g., Chiat & PoliSenska, 2016; Marini
et al., 2017); and phoneme scoring, based on the proportion of phonemes correctly repeated
(Munson, Kurtz & Windsor, 2005; Stokes, Moran & George, 2013). Moreover, different
authors have tested the validity of the two scores and similar results have been found across
scores overall (Dispaldro, Leonard & Deevy, 2013; Estes, Evans & Else-Quest, 2007) and in
terms of correlations between NWR and other language measures (Brandeker &
Thordardottir, 2015). In the current study, both scores were calculated: the proportion of
items correctly repeated (whole-word scoring) and the proportion of phonemes correctly

repeated (phoneme scoring). Concerning the whole-word scoring notation system, a correct
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repetition was considered when all the phonemes were reported, in the same order, without
any omissions and substitutions. Phoneme scoring was calculated as the number of vowels
and consonants correctly repeated. Neither scoring penalized prosody or regional allophones.
Only children’s first repetition was collected. We also carried out inter-rater reliability on
NWR scoring. All data was initially coded by the first author of the study and then
blind-coded by an Italian cognitive science graduate student. Agreement assessment on NWR
was substantial using whole-word scoring (Cohen's k=.723), as well as using phoneme
scoring (Cohen’s «=.698) (McHugh, 2012). Disagreements were solved by first author
re-analysing the recordings of the NWR task. Since agreement was substantial, we decided to
not analyze agreement on phoneme scoring further.

Stimuli were orally administered by the first author. Following the research design
used by the authors who developed and published results of the stimuli we have used
(Dispaldro, Leonard & Deevy, 2013), we decided to not audiorecord stimuli in order to create
a more natural situation.

The Italian adaptation of the PPVT (Stella, Pizzoli & Tressoldi, 2000), a picture
pointing test standardized on a population of monolingual Italian children, was used to
estimate Italian receptive vocabulary size. The PPVT receptive vocabulary assessment was
selected since it has been employed for different languages to assess lexical development.
Participants have to choose among four pictures the one representing the word produced by
the examiner. Two cut-offs define the beginning (basal) and the end (ceiling) of the test. The
raw score, obtained by summing the number of pictures correctly identified, is transformed
into a normalized score on the basis of the normative data (which is available for each age),
giving a representative estimate of children’s receptive vocabulary development.

The semi-structured interview about the linguistic background investigates

sociolinguistic beliefs about bilingualism, immigration and migration history and plans,
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information about the number of hours (out of 12 awake hours and separately for weekdays
and weekend-days) the child spent in daycare or kindergarten, with relatives or with others
and the languages spoken in each of these settings, as well as language and psychomotor
acquisition milestones and related concerns about linguistic development. It allows us to
determine the onset and quantity of language input received in each language, as well as
parental concerns on children’s language development, as follows.

Cumulative language exposure is calculated as the sum of the time the child has been
exposed to Italian. Parents reported the number of hours the child was exposed to Italian in a
typical week, and this separately for relevant periods of the child's life. For example, if a
child was cared at home until 18 months, and then at daycare up until the time of our
assessment, then the typical weekday would be different in these two time periods. We
assumed daycare and kindergarten holidays last eight weeks per year. Cumulative exposure is
calculated up to MB-CDI administration, and up to NWR administration, in both hours and
percentage of wake time, yielding four metrics of cumulative exposure. Current exposure is
the amount of time the child has been exposed to Italian during the week before the NWR
assessment, also expressed in hours and percent of awake time. Finally, length of exposure is
calculated as the current age minus age of first exposure to Italian, expressed in months.

Parental concerns were estimated asking parents to judge, on a four-point scale, the
level of satisfaction with their child’s language proficiency in Italian. The four levels were: 1
“not at all satisfied” (per niente soddisfatto); 2 “satisfied enough” (abbastanza soddisfatto); 3
“satisfied” (soddisfatto); and 4 “completely satisfied” (completamente soddisfatto). Parental
concerns were collected with the semi-structured interview questionnaire, which was
administered to parents by the first author. All parents who filled the questionnaire spoke

Italian and could complete the questionnaire in this language.
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The proxy for socioeconomic status was maternal education level, collected in and
extracted from the MB-CDI questionnaire; we did not ask for family income or other familiar

background information, as this may not be culturally appropriate.

Statistical analysis

Since equal variances among groups cannot be assumed, several variables were
transformed into percentages (e.g. NWR, cumulative and current exposure), one variable
reported ranks (e.g. parental concerns), and a small sample size, we decided to carry out
non-parametric analyses. We calculated Spearman Rho (r,) correlations to study the
relationship between the different variables, as well as to explore the predictive value of
MB-CDI score in toddlerhood on PPVT and NWR in childhood (see Appendix D-F for
alternative analyses). Given the relatively small sample size, we report direction and
significance, as well as effect size, using the following cut-offs: Spearman Rho’s coefficient
of .1 is small, of .3 is moderate, and .5 and above is large (Cohen, 1981). Alpha level was set
at alpha = .05 uncorrected; please see the Tables’ captions for significance after Bonferroni

correction for multiple comparisons.

Results

Individual descriptive data for each participant are provided in Table 1. The
correlations between NWR accuracy (using both whole-word and phoneme scores) and
estimated receptive vocabulary size were large, positive and statistically significant (Table 2).
None of the language exposure measures was significantly correlated with the NWR accuracy
measures, and their coefficients were small. NWR performance was not significantly
correlated with maternal education, with a small effect size. Finally, the correlations between
parental concerns and NWR scores were large, positive and significant: the less concerned

the parents were about their child’s language proficiency in Italian, the higher the NWR
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accuracy in their child (Table 2). Please note that carrying out parametric analysis (see
Appendix D), partialling out chronological age (see Appendix E), or considering non-words'

lengths (Appendix F) does not alter our key results.

[Table 1 near here]

Receptive vocabulary scores significantly correlated with both age of Italian onset and
cumulative exposure. This suggests our language exposure measures were sensitive to
individual variation. Similarly to NWR scores, the receptive vocabulary score was
significantly correlated with parental concerns: the lower children’s score in receptive
vocabulary was, the higher the index of parental concern about their child’s Italian language

proficiency.

[Table 2 near here]

Additionally, we explored the predictive value of MB-CDI scores measured in
toddlerhood with PPVT and a NWR test, both collected in childhood. MB-CDI was not
significantly correlated with receptive vocabulary scores nor NWR scores. In addition,
children who had scored below the 10th percentile in MB-CDI as toddlers did not differ from
the subgroup who had scored above that. Some readers may wonder whether this relates to
the fact that there is variation in Italian exposure. To address this idea, we calculated the
MB-CDI percentiles as a function of length of exposure to Italian rather than considering
chronological age; e.g., for a 30-months-toddler who has been exposed to Italian for 24
months, the MB-CDI percentile will be derived by looking at 24 months normative data.
Children whose length of exposure was lower than 18 months were scored using the 18
months' norms. The pattern of results obtained did not change: MB-CDI percentile derived
from length of Italian exposure did not correlate with receptive vocabulary scores nor with

NWR performance.
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Discussion

The current study explored correlations between NWR performance and Italian receptive
vocabulary size, as well as between NWR accuracy and language exposure, maternal
education and parental concerns. Results contribute to ongoing debates on the association
between NWR performance and both language experience and language development. We
found significant correlations between NWR scores and both Italian estimated receptive
vocabulary size and parental concerns about their child's Italian language development (both
of large size, r, >.58), and non-significant correlations between NWR accuracy and both
language exposure and maternal education (both estimates near zero, |r| >.02). Additionally,
we analyzed the predictive value of expressive vocabulary in toddlerhood with respect to
childhood NWR performance (r, ~.3, of moderate size) and receptive vocabulary (r, ~.1, of
small size). In the next paragraphs, we provide some possible interpretations of our data, and

integrate it with evidence available in previous literature.

The relationship between NWR and receptive vocabulary, language exposure,

maternal education and parental concerns

We found a positive, strong, and significant correlation between NWR performance and
receptive vocabulary, in line with a growing body of literature in bilingual samples (e.g.:
Core et al., 2017; Duncan & Paradis, 2016; White, 2020; but see also McBride-Chang et al.,
2005; Stokes, Moran & George, 2013 and in particular Park & Schwarz, 2016 who found
small to moderate non-significant association on 19 bilingual children). Our results are
consistent with theoretical frameworks proposing that NWR and receptive vocabulary are
associated in preschoolers because children use the same cognitive processes when learning
words and when repeating non-words (e.g.: Marini et al., 2017), and/or because nonwords’

lexical and sub-lexical cues enhance NWR performance directly (Coady & Evans, 2008).
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Regarding language exposure, our results show small to moderate non-significant
correlations between language exposure measures and NWR performance. Given the
estimated sizes, it would be necessary to test over 100 participants to allow these correlations
to become statistically significant; a larger sample size could clarify whether these
correlations are non-significant due to the low number of participants. Alternatively, one
hypothetical interpretation is that our measures of language exposure may not be appropriate.
However, we did find larger correlations between the exact same language exposure
measures and vocabulary size, suggesting that our measures of exposure were not flawed. We
therefore repeated our inspection of previous literature on the relationship between language
exposure and NWR performance. This actually revealed that while some work documents
significant correlations (e.g., Engel de Abreu, 2011; Thordardottir, 2017), other work does
not (e.g., Chiat & PoliSenskd, 2016; Core et al., 2017). One limitation of the current work is
that we considered the quantity of exposure but not its quality. Quality of input might have a
core role in explaining individual differences among bilingual children in their
language-specific developmental paths. For example, factors such as exposure to native as
opposed to non-native speakers, parental speech features, variability of speakers intra- and
inter-languages (Carroll, 2016), as well as speakers’ lexicon, syntactic complexity, and
variability in the use of concrete as opposed to abstract conversations (Hoff et al., 2014b), all
play an important role. Unfortunately, we did not have data to analyze such quality features.
Another open avenue of research is to study whether NWR performance depends on total
absolute quantity of input (cumulated across languages). Another limitation of this work is
that we did not look at language use (i.e., children's use of the different languages in
production) because it was not commonly collected in literature. However, it may be
interesting to collect frequency of production as well as exposure in the future. Finally,

another possible interpretation is that of a true null result: perhaps performance in a
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language-like NWR task like the one we used is not related to language exposure and input
(Cristia et al., 2020). Further research is necessary to address all of these possibilities.

Regarding our remaining factors, we found that maternal education was not
significantly related to NWR performance, with an effect size very close to zero. This result
is in line with interpretations proposed by previous work on the relationship between SES and
NWR performance (Chiat & PoliSenska, 2016; Meir & Armon-Lotem, 2017). We also
highlight that maternal education on its own does not capture SES completely, so further
studies could revisit this question with alternative proxies of SES.

Looking at parental concerns, we found a significant and large correlation with
children’s NWR accuracy: the more concerned parents were about their child language
development, the lower the child's NWR performance. We pointed out in the Introduction
that few articles have analyzed the association between non-word repetition performance and
parental concerns. In line with a recent study (de Almeida et al., 2017), our results suggest
that both non-word repetition performance and parental concerns are reliable proxies of
children’s language development. Moreover, parents’ and children's psychosocial risk factors
should be assessed to study their association with language development (St Clair et al.,
2019). Further studies on multifactorial language assessment in bilingual children should
explore accuracy in identifying atypical language development paths, including variables
such as NWR and parental concerns.

As briefly mentioned in the Introduction, results may differ for different NWR lists,
depending on their language-specific properties. We followed previous work by using one
language-specific NWR list (e.g., Guiberson & Rodriguez, 2015), which may be viewed as
Italian-like. Further articles should study the effect of lexical cues on NWR performance, as
well as its associations with both children’s and environmental factors, in order to identify the

optimal NWR research design to study bilingual language assessment for research and
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clinical purposes. Finally, it could be interesting to build a crosslinguistic NWR assessment
tool for Italian-speaking bilingual children and compare data with our results on Italian-like
NWR, in order to explore different NWR research designs and improve the current bilingual

language assessment procedures.

NWR performance in Italian-speaking bilinguals as a function of toddler vocabulary

in the majority language

The sample that we studied had received a previous lexical assessment in toddlerhood
in the major language, i.e., Italian. Even though our sample is not representative of bilingual
populations everywhere, we underline that we would like to contribute to the study of
predictive values of language acquisition paths across time (Rice, 2016). We thus explored
whether the score in a monolingual assessment (Italian MB-CDI) in toddlerhood was related
with later linguistic development in childhood.

Our results showed a non-significant but moderate correlation between expressive
vocabulary (MB-CDI) in toddlerhood and our NWR task, as well as a non-significant and
small correlation between MB-CDI and receptive vocabulary (PPVT) in childhood. Different
possible interpretations can be posited for these results. One of the main interpretations is that
some of these children had language difficulties at toddlerhood, but by childhood they filled
their Italian language-specific linguistic gap (i.e., they were "late bloomers"). Another
possible interpretation is that the assessment they received in toddlerhood only in the major
language was unreliable for different reasons. First, the Italian MB-CDI was normed on
monolingual children, while our sample is composed by bilingual children exclusively. It has
been argued that a language-specific language assessment normed on a monolingual sample
has a low predictive value of bilingual language development (Haman, Luniewska &
Pomiechowska, 2015). Second, perhaps the short-form version of MB-CDI is more of a

screening tool than an assessment to identify language development difficulties.
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It is relevant to compare our results to the ones obtained with the same NWR stimuli
on a sample of monolingual Italian-speaking children (Dispaldro, Leonard & Deevy, 2013).
Although we used the same stimuli, there are several differences between the two studies. To
begin with, the current study involved bilingual children, while the other study concerned
monolingual children. In addition, they recruited children with and without a diagnosis of
DLD at the time of testing. Overall, we found lower NWR scores on bilinguals compared to
monolingual performance: 51% whole-word and 87% phoneme scoring in the current study
compared to 83% and 97% respectively for monolingual children with typical language
development in Dispaldro et al. (2013). This is in line with previous work reporting lower
scores for bilinguals than monolinguals in language-specific NWR (Armon-Lotem & Meir,
2016; Kohnert, Windsor & Yim, 2006; Gutiérrez-Clellen & Simon-Cereijido, 2010; Messer

et al., 2010).

Clinical implications

In this section, we would like to weigh in on the ongoing debate regarding bilingual
language assessment in childhood, as well as discuss some realistic solutions available to
clinicians who see multilingual children in their practice, in geographical areas where there
are multilingual populations with different native languages. In a nutshell, we recommend a
culturally sensitive evaluation, which makes informed use of assessments in all of the child's
languages (when such assessments are available), keeping in mind the subjectivity and
specificity of each child.

One set of arguments in the debate runs as follows. Clinicians should analyze
language development in all the languages the child has experienced, at least in the form of
qualitative analysis. Even when speech and language therapists are not proficient in all the

languages the child is exposed to, they can administer communicative and linguistic parental
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questionnaires in either bilingual or monolingual versions of the target languages. We stress
that quantitative and qualitative language exposure features should be analyzed during a
language assessment including observations of parent-child interactions and parental
questionnaires.

Given our results suggesting that MB-CDI was not a good index of later language,
one can argue that bilingual language assessment tools normed on bilingual samples should
be preferred over tools developed on monolinguals only, and, considering our discussions
regarding crosslinguistic NWR stimuli, crosslinguistic tasks could also be favored. For
children younger than 3, parental questionnaires can be used to analyze lexical development
and related features, using versions corresponding to each language the child is exposed to
during their lifespan. In those cases where clinicians do not have access to normed parental
questionnaires of a target native language, parents could complete a questionnaire edited in a
language they are proficient in but thinking about their children's language development in
the other native language.

Further work should study the optimal lexical measures to analyze bilingual lexical
development, since mixed evidence has been found using total vocabulary (Core et al., 2013),
which is the total number of words known by a child in all the languages she is exposed to, or
conceptual vocabulary (Bedore et al., 2005), that is the total number of concepts known
across languages.

Moreover, clinicians can use their clinical and common sense to interpret these data:
for example, reduced exposure to a target language should induce clinicians to give more
importance to results achieved in the primary language over those achieved in languages to
which the child has been less exposed.

While the recommended approach laid out above is ideal, socio-cultural and

sociolinguistic issues may not render it possible in all situations. For example, when the child
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speaks three or more languages, when there is no parental questionnaire for some of these
languages, when the native language is not written or the parent does not read/write in all of
these languages, and/or when the parent does not use all languages with the child. For all
these cases where bilingual language assessment tools are not available, monolingual norms
of monolingual normed tests in the languages spoken by the child, integrated with qualitative
considerations that are culturally sensitive, appear like the optimal solution, avoiding the
claim that the label “bilingual” is a unitary identity, when in fact it applies to a heterogeneous
population. Additionally, dynamic assessments could also be considered to study bilinguals'
language development (Petersen et al., 2017).

We also wondered about the utility of a complementary approach, namely combining
language exposure features with lexical development in only the main language. This
solution appears feasible even in geographical areas where bilinguals have diverse native
languages and they share a single major language. It would involve administering a test in the
major language as well as a short and simple language exposure questionnaire, which simply
asks what proportion of an average week is spent hearing different languages. The clinician
can then qualitatively or mathematically integrate a consideration of the proportion of time
spent listening to the main language as well as other factors describing the child (e.g.,
migration features, siblings, family history of language disorders, risk factors of language
disorders) and the child's input (e.g., where, from who and from how many people languages

are spoken, lexical and syntax richness of language exposure).

Conclusions

We find that language-like NWR scores are strongly related to receptive vocabulary scores
and parental concerns, with non-significant and weaker links to language exposure and

maternal education. Our data are consistent with the hypothesis that NWR reflects language
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proficiency beyond the effect of lingual status and socioeconomic status.

The use of NWR as a diagnostic tool to identify atypical language developmental
paths is still a debated topic in the scientific community. On the one hand, since in the
literature bilingual NWR lists are useful when identifying bilingual children with DLD, it
might be useful for both clinical and research purposes to create sensitive and specific NWR
lists constructed in such a way that they are in accordance with various constraints of
phonological systems of different languages (Armon-Lotem, de Jong & Meir, 2015). On the
other hand, in heterogeneous bilingual populations with different native languages, it is
challenging to develop crosslinguistic stimuli that consider phonological constraints of all the
native languages spoken in a given geographical area. We hope these considerations are taken
into account in the future of both research and practice.

To the best of our knowledge, this is the first study on NWR performance in a sample
of Italian-speaking bilingual children exploring the predictive value of expressive vocabulary
in the major language at toddlerhood. Results suggested that MB-CDI scores in toddlerhood
are not significantly related with NWR accuracy (small to moderate correlations) or with
receptive vocabulary scores in childhood (small correlations). In conclusion, despite the fact
that assessing language development in bilingual children with a vocabulary checklist in the
major language is the most feasible procedure in the majority of healthcare services, our
results suggest that monolingual MB-CDI at toddlerhood and NWR in early childhood may

not be as informative for bilinguals as they are for monolinguals.
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Table and Figure Legends
Table 1: Descriptive data of our bilingual sample.
Table 2: Correlation matrix among studied variables.

Table A: Correlation matrix considering nonwords’ word length.
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Appendix A: Previous work’s correlation results between NWR performance and lexical

scores on bilingual children.

Study N Age | A/Typic | NWR tool Lexical assessment Correlation | p value
(months) al
sample
Bilingual Bilingual expressive vocabulary 43 000
Core et al. (2017) 105 22 typical Spanish- and . .
English-like (Spanish and English MB-CDI) 7 005
Duncan & Paradis 75 69.6 tvoical 11\540r1191}i1n§111a1 English estimated receptive B= 010, = 2.017 044
(2016) ’ yP nglish-like vocabulary size (PPVT) D :
nonwords
. | . Spanish-like . .
Girbau et al. (2008) 22 103,2 atypical Spanish lexical fluency task .57 <.01
nonwords
. . Expressive (Spanish MB-CDI) 52 <0.001
Guiberson & 4 . Spanish-like
. 355 mixed
Rodriguez (2015) nonwords Combined Spanish expressive and 44 <0.001
receptive vocabulary : )
. . Monolingual English and Korean estimated
Lee, K Y .
° (21(1)115; " 30 54,3 typical Korean-like receptive vocabulary size 381 < .05
nonwords (PPVT)
Turkish- and . N
Dutch-like B=-023 0.05
NWR (low PP)
Turkish- and
= >
Dutch-like B=0.10 0.05
NWR (high PP) | ... .
Messer etal. (2010) | 60 52.5 typical Bilingual tfitlif‘l’ru];‘srk‘Sh'D““h
Turkish- and £ 8=025 ~0.05
Dutch-like ' '
NWR (low PP)
Turkish- and —
Dutch-like B=031 <0.05
NWR (high PP)
Bilingual 261 >.05
Park gosi%l;warz 19 9 typical gl?; iasllll_ﬁlr(lg Bilingual receptive vocabulary o s

nonwords

! children with typical development (N = 11) and with specific language impairment (N = 11)

2 children with typical (N =23) and (N = 21) atypical language development
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Appendix B: Previous work’s correlation results between NWR performance and language

exposure measures on bilingual children

Study N Age NWR type Language exposure | Correlation | Significanc
(months measure e
L F(1,37)=0.17,
Crosslinguistic 'lpz Z 00 .682
Chiat & Polisenska 42° . . Y monolingual vs bilingual F(1,37)=1.07,
(2016) 66,9 English prosodically-like NWR performance Tlpz - 03 .307
English-like F(l’n 1337;03.84’ 366
Spanish-like A7 08
Core et al. (2017) 135 22 Current Spanish exposure
English-like 03 63
age of contact -0.02 0.866
length of exposure 0.107 0.411
use of French at home 0.158 0.222
use of French during activities
and with friends 0.09 0.489
language dominance index 0.133 0.306
de Almeida et al. g2 75.35 Crosslinguistic
(2017) age of contact 0.074 0.766
length of exposure 0.091 0.701
use of French at home 0.294 0.208
use of French during activities
and with friends 0.152 0.521
language dominance index 0.312 0.181
B=0.040,z=
Duncan & Paradis T .
(2016) 75 68 English-like Cumulative exposure 2548 .011

3 21 monolinguals and 21 bilinguals

461 monolinguals and 21 bilinguals
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Engel de Abreu 5 1 monolingual vs bilingual F(1,42)=5.21,
44 76,8 L b h-lik <.05
(2011) ’ HxebourgIsh-ike NWR performance n, =.11
Gibson et al. (2015) | 52 69,9 Spanish- and English-like | Currentand cumulative | F(1,50) =5.07, 03
exposure n, =.09)
Crosslinguisitic FG,41)=182 13
Huls (2017) 47 71 English-like Age of first exposure to FG, 41)=2.00 1
English
Spanish- and English-like F(5,41)=3.09 .02
Kohnert et al. 6 P monolingual vs bilingual F(1,69)=7.71,d
72 125,46 English-lik .007
(2006) : NEASh-IKe NWR performance ~0.84
Lee & Gorman 57 T monolingual vs bilingual F(3,53)=2.28
84 English-lik ’ ’ .09
(2012) HETsh-tRe NWR performance n=0.11
Age of first exposure to 0.275 < 05
English '
70.14
Length of Exposure -0.222 <.05
Li’el (2017) 61 English-like
Age of first exposure to 0.098
. <.05
English
68.58"
Length of Exposure 0.143 <.05
English-like Cumulative Eng exposure 26 .05
Parra, Hoff & Core
2011) 41 30
Spanish- like Cumulative SPA Exposure .05 37
Welsh-like nonwords F(2,42)=4.86 013
Sharp & Gathercol (consonant scoring)
arp (201?) ercole 45 55,32 Current exposure
Welsh-like noqwords F(2,42)=3.38 043
(cluster scoring)
-15 > .05
-.18 > .05
P : -.26 > .05
Summers et al. Bilingual Spanish- and
(2010) 62 [35.2 - 78] English-like nonwords Age of exposure
.16 > .05
-.08 > .05

> 22 monolinguals and 22 bilinguals

50 monolinguals and 22 bilinguals

715 monolinguals and 42 bilinguals

8 bilingual children with (N = 19) developmental language disorder
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-40 <.05
Thordardottir 2017) | 156 | 126,37 Icelandic- and Current exposure 296 <01
nonword-like
141 958
Thordardottir & Bilingual Icelandic- and .
Brandeker (2013) 84 60 English-like Cumulative exposure
.349
.005
Vender, Delfitto & L monolingual vs bilingual
Melloni (2018) 64° 125.81 ltalian-like NWR performance

° 33 monolinguals and 31 bilinguals
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Appendix C: Semi-structured interview subsections of parental concerns and language
exposure features.

Biografia linguistica per 1 genitori

Intervistato: © Madre o0 Padre oOAltro: Data di oggi:

DATI DEL BAMBINO E DELLA SUA FAMIGLIA

Nome e cognome del

bambino:

Luogo di nascita:

Composizione della famiglia

Ruolo familiare rispetto al Eta Luogo di nascita | Occupazione Anni di scolarita
bambino (es mamma, papa...) (nazionalita) (8= licenza media;

13=liceo/diploma;
18=laurea;
>18= post laurecam)

TAPPE EVOLUTIVE DEL BAMBINO

1. A che eta il bambino ha iniziato a camminare? 0<15mesi 0> 16 mesi

2. Quanti mesi aveva il bambino quando ha detto la sua prima parola in Italiano?
0< 15 mesi 016 — 24 mesio™> 25 mesi

3. Quanti mesi aveva il bambino quando ha detto la sua prima parola nell'altra
lingua?
0< 15 mesi 016 — 24 mesio> 25 mesi

4. A che eta il bambino ha iniziato a mettere insieme le parole per formare frasi
brevi (es. “ancora latte”, “voglio acqua”, “scotta pappa”)?
0< 24 mesi 025-30 mesi 0> 30 mesi

5. Siricorda se suo figlio, utilizzava piu gesti per farsi capire? Di che tipo? Fino a
che eta?

INPUT LINGUISTICO
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Mi puo raccontare una settimana tipo del bambino?

Persone con cui trascorre il tempo quando non ¢ a Tipo di lingua | Tempo(ore) durante | Tempo durante il week

scuola la settimana end

A

6. Prima di essere inserito a scuola, com’era la settimana tipo del bambino?

Persone con cui trascorre il tempo quando non ¢ a | Tipo di lingua | Tempo(ore) durante | Tempo durante il week

scuola la settimana end

A)

B)

)

D)

Le capita di osservare se il bambino utilizza parole di due lingue diverse all’interno
della stessa frase? 0O Mai 0O A volte 0 Spesso

Nel complesso, siete soddisfatti di come il bambino parla 1’Italiano?
0 Per niente soddisfatto 0 Forse non soddisfatto o Soddisfatto o Completamente
soddisfatto

Nel complesso, siete soddisfatti di come il bambino parla il (Lo)?
O Per niente soddisfatto 0 Forse non soddisfatto o Soddisfatto = o Completamente
soddisfatto

E’ facile per la sua famiglia o i suoi amici avere una conversazione con suo figlio in
Italiano?

o Molto difficile o A volte non ¢ facile o Abbastanza facile o Molto facile



E’ facile per la sua famiglia o i suoi amici avere una conversazione con suo figlio in

(Lo)?
0 Molto difficile O A volte non ¢ facile o Abbastanza facile 0 Molto facile
Pensa che il bambino stia perdendo il (Lo) in favore dell’italiano?
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English translation:

Interviewed: 0 Mother o Father o Other

CHILD AND FAMILY INFORMATION

Child name and surname:

Place of birth:

Family members:

Family role (e.g.: mum, dad, Age Place of birth Profession Education

.Y (nationality) (8= middle school
diploma;
13= high school
diploma;

18= master degree;
>18= post lauream)

CHILD’S DEVELOPMENTAL PATHS

6. When did your child start to walk? o< 15 months

> 16 months

7. How old was your child when s/he pronounced her/his first Italian word?
o0< 15 months 016 — 24 months &> 25 months

8. How old was your child when s/he pronounced his/her first word in her/his

native language?

0< 15 months 016 — 24 months 0> 25 months

9. How old was your child when s/he started to combine two words? (es. “Mum

9% ¢

enough”, “more water

, “mum more”)?

0< 24 months ©25-30 months 0> 30 months

10. Do you remember if your child used gestures to communicate? If yes, what kind

of gestures? Until which age?

LANGUAGE INPUT

Could you please describe the week-like activities of your child?

People spending time with child when not a
school

Language(s) used

Weekdays time
(hours)

Week-end time
(hours)
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Could you please describe the week-like activities of your child, before starting school?

People spending time with child Language(s) used Weekdays time Week-end time (hours)
(hours)

A)

B)

O

D)

Does your child use words of two different languages in the same sentence?
o Never 0O Sometimes 0 Often

Are you satisfied with your child’s overall Italian proficiency?
0 Not at all satisfied 0 Maybe satisfied o Satisfied = o0 Completely satisfied

Are you satisfied with your child’s overall proficiency in his/her native language?
0 Not at all satisfied 0 Maybe satisfied o Satisfied =~ o0 Completely satisfied

Is it easy for your family and friends to have a conversation in Italian with your child?
0 Very difficult o0 Sometimes not easy 0 Easy enough O Very easy

Is it easy for your family and friends to have a conversation with your child in his/her

native language?
o Very difficult o Sometimes not easy 0 Easy enough 0 Very easy
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Do you think your child is losing his/her language proficiency in her/his native language
in favour of Italian?
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Appendix D: Current work’s correlation matrix with age partialed out. Significance is set

at alpha = .05 uncorrected.

2 3 4 5 6 7 8 9
1 MB-CDI 322 305 .106 -.091 224 -.057 .096 0.472*
2 NWR words accuracy 0.944%* 0.634%* 122 .103 -.226 -.096 JTJ13%*
3 NWR phonemes accuracy .647%* 11 .062 -.152 =212 766%*
4 PPVT 359 525% -.560* -.092 .634%*
5 Maternal education 279 -227 -394 -.114
6 Cumulative Italian exposure (%) -.851%* 322 .071
7 Age of Italian onset (months) -.105 -.181
8 Current exposure to Italian (hours) - 118
9 Parental concerns to Italian 1

proficiency

*_ Correlation is significant at the 0.05 level (2-tailed); **. Correlation is significant at the 0.01 level 2-tailed). NWR

phonemes accuracy and parental concerns, and Age of Onset and Cumulative exposure correlations are significant when

applying Bonferroni correction.
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Appendix E: Current work’s parametric correlation matrix. Significance is set at alpha =

.05 uncorrected.

2 3 4 5 6 7 8 9
1 MB-CDI -.147 351 327 18 -.09 .266 -.068 490*
2 Chronological age 1 -.384 -.226 -, 785%% 1 0.142 -.501% .080 -276
3 NWR (Whole-word scoring) 1 932%* .663** .059 174 -239 739%*
4 NWR (phoneme scoring) 1 ,S57* .043 .038 -.165 ,780%*
5PPVT 1 .167 567* -.408 ,594%*
6 Maternal Education 1 162 -.276 -.11
7 Cumulative Italian exposure (%) 1 -774%* 197
8 Age of Italian onset (months) 1 -.148
9 Parental concerns of Italian proficiency 1

*_ Correlation is significant at the 0.05 level (2-tailed); **. Correlation is significant at the 0.01 level 2-tailed). NWR

phonemes accuracy and parental concerns, NWR whole-word accuracy and parental concerns, Age and PPVT, as well as

Age of Onset and Cumulative exposure correlations are significant when applying Bonferroni correction.
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Appendix F: Re-analyses considering word length.

Whole-word scoring was estimated based on the 8 items for each word length. Phoneme
scoring was based on the 35 phonemes in 2-syllable nonwords, 51 phonemes in 3-syllable
items and 67 phonemes in 4-syllable nonword.

Looking at the effect of word length on NWR performance, we underline higher
significant performance on 2-syllable stimuli than on both 3- (U=-4.933, p<.001) and
4-syllable (U=-3.584, p<.001) nonwords, and non-significant difference between 3- and
4-syllabic NWR performance (U=-1.389, p=.165), using whole-word scoring. With the
phoneme scoring, we find similar trends: Although the difference between 2- and 3-syllable
NWR performance was not significant (U=-1.041, p=.298), both 2- (U=-3.355, p=.001) and
3-syllabic stimuli (U=-2.616, p=.009) led to higher scores when compared to 4-syllable NWR
performance. Thus, our results support the assumption that NWR performance decreases as
nonwords’ syllable length increases (Gibson et al., 2015; Summers et al., 2010).

Turning to our main results, the association between NWR performance and PPVT
score was significant for 3- and 4-syllabic items, and weaker for 2-syllable items (particularly
when phoneme scoring was used, where the estimate was close to zero). Although a
higher-powered test would be necessary to be certain, these results could suggest that
children enroll lexical knowledge to process longer nonwords, while performance for shorter
stimuli seems less enhanced by lexical cues. We encourage further studies to focus on the
role of lexical cues (e.g., word length and vocabulary scores) on NWR performance in
bilingual children.

Parental concern was significantly correlated with NWR performance across word
length and scoring definition, except for 2-syllabic stimuli calculated with phoneme scoring.
Similarly, our conclusions regarding NWR and maternal education are not challenged either,

with small to moderate non-significant estimates for all lengths and scoring modes.
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Regarding the effect of nonwords’ word length on NWR performance across MB-CDI
scores in toddlerhood, word length does not impact the association between NWR and
MB-CDI score when analyzing 2-, 3-, and 4-syllable stimuli separately, with small positive
estimates for both whole-word and phoneme-based scoring. We underline children with
higher (not significant but approaching significance) score on the MB-CDI outperformed
those with scores lower than the 10th centile on 2-syllable nonwords using phoneme scoring.
Those results enhance the assumption that children who obtained low MB-CDI scores in
early childhood predict later phonemes repetition difficulties. Further studies should analyze
such predictive value with larger sample size, in order to obtain results on a more
representative bilingual population and increase statistical power. If our results are
confirmed, a possible interpretation of this predictive value supports the idea that low
expressive vocabulary size before the age of 3 is related with later phonemes’ repetition
difficulties, which might be due to phonological short-term memory difficulties. Further
evidence will be welcome also on the potential role of phoneme scoring to detect significant
phonemes’ repetition difficulties compared to the whole-word scoring. Nevertheless, looking
at our results, this interpretation is confirmed only by looking at different NWR performance
across MB-CDI scores above or below the 10th percentile, because we report nonsignificant
correlations between 2-syllable NWR performance and overall MB-CDI score of our whole
sample. Further studies should investigate the predictive value of MB-CDI scores on NWR
performance, looking at the effect of word length, as well as other sub-lexical cues, and
different possible predictive values across children with MB-CDI scores’ below or above the
10th centile.

[Table A near here]

55


https://www.researchgate.net/publication/349046517



