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The aim of this longitudinal study is to evaluate 3 views on the relationship between nonword repetition
and vocabulary: (i) the storage-based view that considers nonword repetition, a measure of phonological
storage, as the driving force behind vocabulary development, (ii) the lexical restructuring view that
considers improvements in nonword repetition as the result of vocabulary growth, and (iii) the “com-
bined” view that assumes that both storage-based learning and lexical restructuring play a role, resulting
in reciprocal relationships between nonword repetition and vocabulary during language development.
Data are analyzed from 471 monolingual Dutch children who performed tasks assessing nonword
repetition and vocabulary at yearly intervals, from ages 2 to 5. Latent Change Score (LCS) modeling of
Item Response Theory-scaled scores was used to investigate the relationships between nonword repeti-
tion and vocabulary growth over time. Additionally, the statistical techniques used in earlier work—
cross-lagged and latent growth modeling—were applied to see whether the results changed as a function
of the analytical technique used. Results from a bivariate LCS model showed positive reciprocal
influences from nonword repetition on vocabulary between 2 and 5 years. Such positive cross-influences
also emerged from the cross-lagged and latent growth models. Predictive relationships from vocabulary
to nonword repetition were stronger than vice versa. These results indicate that both storage-based
learning and lexical restructuring play a role in vocabulary learning, at least in early stages of language

development, with the clearest support found for lexical restructuring.
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Score modeling
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Vocabulary knowledge is pivotal in young children’s develop-
ment and an important predictor of later academic skills, in par-
ticular early literacy and reading (Duff, Reen, Plunkett, & Nation,
2015; Lee, 2011; Storch & Whitehurst, 2002). Children typically
show fast rates of vocabulary learning throughout the preschool
period, but there is substantial variation both in the level of
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children’s vocabulary knowledge in their early years and the rate
at which this knowledge increases (Huttenlocher, Haight, Bryk,
Seltzer, & Lyons, 1991; Rowe, Raudenbush, & Goldin-Meadow,
2012). Given the predictive value of young children’s vocabulary
knowledge for later academic attainment, it is important to inves-
tigate the determinants of differences in vocabulary knowledge in
early stages of language development, when interventions may
already be effective in increasing children’s vocabulary skills
(Fricke, Bowyer-Crane, Haley, Hulme, & Snowling, 2013; for a
review, see Marulis & Neuman, 2010).

One determinant of children’s vocabulary skill that has been
proposed in earlier work is children’s ability to repeat novel words,
that is, nonword repetition. However, in previous work, it has been
debated whether nonword repetition is indeed the driving force
behind vocabulary growth (Baddeley, Gathercole, & Papagno,
1998) or, alternatively, the result of it (Metsala, 1999). These two
views are not necessarily mutually exclusive. In fact, a third view
has been proposed that assumes that nonword repetition and vo-
cabulary mutually influence each other during development (Rispens
& Baker, 2012; Snowling, 2006). The aim of the current study is
to evaluate these views by investigating the directionality of the
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relationships in a longitudinal study of Dutch 2- to 5-year-old
children.

As stated above, three views on the relationship between non-
word repetition and vocabulary knowledge have been posited in
earlier work. The first is that phonological storage, tapped with
nonword repetition tasks, is needed for learning new words (Bad-
deley et al., 1998; for a review, see Gathercole, 2006). This view,
here referred to as the storage-based view, holds that nonword
repetition skill reflects the ability to store unknown phonological
material, and as such underlies learning of new words. Specifi-
cally, upon encountering a novel word, children need to store this
novel word in short-term memory, from where they can extract its
relevant phonological features (Gathercole, 2006). Numerous
cross-sectional studies have found associations between nonword
repetition and vocabulary knowledge in children of different ages,
including children as young as 2 years of age (Hoff, Core, &
Bridges, 2008; Stokes & Klee, 2009; Verhagen, de Bree, Mulder,
& Leseman, 2017). Further evidence comes from word learning
studies, showing that nonword repetition ability and novel word
learning are correlated (Gathercole & Baddeley, 1990).

The second view on the relationship between nonword repeti-
tion and vocabulary holds that better nonword repetition is the
result of growth in vocabulary knowledge rather than its underly-
ing cause (Bowey, 2001; Metsala, 1999; Metsala & Walley, 1998).
According to this view, very young children represent words
initially in a relatively holistic manner, without much phonological
detail. As their vocabularies increase, children shift toward more
analytic representations at either the syllable or phoneme level.
These more detailed phonological representations facilitate perfor-
mance on phonological tasks, such as phoneme awareness tasks
and nonword repetition. Thus, in this so-called lexical restructur-
ing view (Metsala, 1999; Metsala & Walley, 1998), vocabulary
knowledge drives nonword repetition rather than vice versa.

Finally, it has been proposed that nonword repetition and vo-
cabulary influence each other during development (Hoff et al.,
2008; Rispens & Baker, 2012; Snowling, 2006), such that storage-
based learning and lexical restructuring work in parallel. In this
account, an increase in phonological storage capacity underlies
vocabulary growth. This growth in vocabulary, in turn, leads to
more fine-grained phonological representations and, subsequently,
to an increased ability to represent phonological information,
which surfaces as better performance on nonword repetition tasks
(Hoff et al., 2008; Snowling, 2006). Support for this idea comes
from a cross-sectional study by Rispens and Baker (2012), who
found that both a measure of phonological storage (i.e., digit span)
and a measure of phonological representation (i.e., nonword dis-
crimination) were significant predictors of nonword repetition
ability, at least in the 5-year-olds tested in their study.

To investigate in more detail how nonword repetition and vo-
cabulary are interrelated during children’s development, longitu-
dinal studies are needed. Unlike cross-sectional studies, longitudi-
nal studies provide insight into how one variable is related to
another over time, and whether this relationship is reciprocal and,
as such, can yield information about the direction of effects.
Although a wealth of studies have investigated the relationships
between nonword repetition and vocabulary concurrently, only
two longitudinal studies hitherto have tested whether nonword
repetition influences vocabulary in children’s development, and/or
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vice versa (Gathercole, Willis, Emslie, & Baddeley, 1992; Melby-
Lervag et al., 2012). These studies have provided mixed results.

In the first study, Gathercole et al. (1992) assessed nonword
repetition and receptive vocabulary in a sample of 80 English-
speaking children at four time points, between 4 and 8 years of
age. Using cross-lagged correlations, the authors found that non-
word repetition at age 4 predicted vocabulary at age 5. At later
ages, vocabulary predicted nonword repetition, but not vice versa.
To explain these findings, the authors argued that children’s grow-
ing vocabularies enabled them to increasingly rely on lexical
strategies rather than phonological storage. They also proposed
that reading ability, which develops at the oldest ages investigated
in their study, might have increasingly predicted children’s vocab-
ularies and, hence, overshadowed the contribution of phonological
storage.

In the second study, Melby-Lervag et al. (2012) replicated the
work by Gathercole et al. with a sample of 219 Norwegian chil-
dren, assessed longitudinally from 4 to 7 years. Applying two
types of analyses to their data (cross-lagged models and latent
growth models), these authors found that the only cross-
relationship that approached significance was from nonword rep-
etition at age 4 to vocabulary at age 5 (B = 0.17, p = .079).
Furthermore, when applying cross-lagged models and latent
growth modeling to the data collected by Gathercole et al. (1992),
Melby-Lervag et al. found that no significant cross-loadings be-
tween nonword repetition and vocabulary remained. Based on
these results, Melby-Lervag et al. concluded that the idea that
vocabulary learning is constrained by nonword repetition should
be questioned, as well as the broader theory that the phonological
loop acts as a language-learning device (Baddeley et al., 1998).
Note that the results of this study also speak against a lexical
restructuring view, because no predictive relationships from vo-
cabulary to nonword repetition were found either.

A factor that might explain, at least in part, the near lack of
significant cross-domain predictive relationships in the above-
reviewed studies is the fact that children beyond age 4 were tested.
Both the storage-based and lexical restructuring views assume that
relationships between nonword repetition and vocabulary are most
prominent at early stages of language development and become
weaker over time. On a storage-based account, the assumption is
that storage-mediated learning is increasingly replaced with
lexicon-based learning mechanisms in the course of development,
as children’s vocabularies become more substantial (Gathercole,
1995, 2006). Support for this idea comes from cross-sectional
studies showing that the relationship between nonword repetition
and vocabulary is stronger for younger than for older children
(Gathercole, 1995; Gathercole, Tiffany, Briscoe, Thorn, & The
ALSPAC Team, 2005), and stronger in beginning than in more
advanced second language learners (Cheung, 1996; Gathercole,
1995; Masoura & Gathercole, 2005).

Lexical restructuring is also considered an early process. Previ-
ous findings suggest that it is still ongoing at ages 5 and 6 (Rispens
& Baker, 2012; Storkel, 2002) and ends around age 8 (Walley,
Metsala, & Garlock, 2003). In their cross-sectional study, already
referred to above, Rispens and Baker (2012), found, for instance,
that a measure of phonological representation explained a signif-
icant portion of the variance in nonword repetition skills in 5-year-
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olds and, in fact, was a stronger predictor than digit span, a
measure of phonological storage. However, this measure did not
explain variance in 8-year-olds’ nonword repetition. This suggests
that there is a developmental shift between the ages of 5 and 8,
such that the quality of phonological representations, which is
assumed to be positively affected by growth in children’s vocab-
ularies, becomes increasingly less predictive of children’s non-
word repetition ability.

The aim of the current study is to evaluate the above-discussed
views by investigating the directionality of the relationships be-
tween nonword repetition and vocabulary. A longitudinal investi-
gation will be presented, which complements existing studies in
two ways. First, younger children than in earlier work will be
assessed: preschoolers from 2 to 5 years of age. Studying young
children is important, given that earlier cross-sectional work indi-
cates that relationships between nonword repetition and vocabu-
lary skills are typically stronger in younger than in older children.
Second, Latent Change Score (LCS) modeling will be used, which
seems better suited to study the potential interrelations between
abilities during development than the analytical techniques used
previously (Ferrer & McArdle, 2004, 2010; Grimm, 2008;
McArdle, 2009). LCS modeling allows for the assessment of
change of two or more cognitive abilities as they develop over
time, as well as the potential cross-lagged interrelations between
changes in these abilities during their development. In previous
work, LCS models have been applied to study whether one cog-
nitive process is a predictor of subsequent change in another
process. Grimm (2008), for example, used LCS modeling to show
that improved reading ability predicted later improvement in math-
ematics during middle to late childhood.

Crucially, LCS modeling allows for statistical testing of rela-
tionships that cannot be tested with other frequently used methods
for longitudinal data such as cross-lagged panel analyses and latent
growth analyses (Ferrer & McArdle, 2004; McArdle, 2009). Al-
though cross-lagged models can indicate influences across differ-
ent abilities over time, they do not capture growth or decline in the
data. Latent growth modeling (LGM) is a useful method for
assessing overall associations between changes in two or more
variables, but this technique does not provide information about
which variables lead or lag in such longitudinal relationships. LCS
modeling combines assessment of growth and reciprocal relation-
ships among multiple processes. As such, it provides a useful
method for statistically testing the current research question of
whether (changes in) nonword repetition skills underlie (changes
in) vocabulary skill, and/or vice versa, over time.

Our predictions are as follows. First, assuming that phonological
storage is an important determinant of early stages of lexical
development (Gathercole, 2006), significant predictive relation-
ships from nonword repetition to vocabulary are expected in the
period from 2 to 5 years. Second, based on earlier work showing
that lexical restructuring takes place during the preschool years
(Walley et al., 2003), we expect significant predictive relationships
from vocabulary to nonword repetition. Thus, we expect that there
will be positive reciprocal relationships between both skills over
the preschool period in line with the above-described third view on
the relationship between nonword repetition and vocabulary learn-
ing.

Method

Participants

Participants were 471 monolingual Dutch children who partic-
ipated in a large-scale study of preschool children in the Nether-
lands (pre-COOL; cf. Mulder, Hoofs, Verhagen, Van der Veen, &
Leseman, 2014; Mulder, Verhagen, van der Ven, Slot, & Leseman,
2017). The primary aim of this study was to assess the effects of
early childhood education and care on young children’s linguistic
and cognitive development. The current participants constituted a
subsample of all participants involved in the pre-COOL study.

The pre-COOL study included over 3,000 children who were
assessed with an executive function and language test battery at
age(s) 2 and/or 3 years. A subset of these children was selected for
further assessments at ages 4 and 5. The main criteria for inclusion
in this so-called “core cohort” were the following: (i) Children had
obtained a test score on the vocabulary task as well as at least three
other tasks of the language and executive function test battery at
ages 2 and/or 3 years, and (ii) contact information about children’s
schools was available. The rationale behind these criteria was to
obtain a dataset for the children in the core cohort that was as
complete as possible in order to be able to address the main
question guiding the pre-COOL study. A total of 751 children were
included in the core cohort and assessed at ages 4 and 5. For the
current study, children were selected from this core cohort if they
were from monolingual Dutch families. This resulted in a sample
of 471 children.

Children were recruited from families and early childhood ed-
ucation and care centers that were geographically spread over the
Netherlands and located in rural and urban areas. Educational level
of children’s parents was assessed through a parent questionnaire,
on a 4-point scale: (1) primary school, (2) lower vocational train-
ing, (3) secondary school and/or vocational training, and (4)
higher education (i.e., college or university). Data was available
for 435 children (92%), and showed that 7.8% of children’s
parents were educated at the primary school or lower vocational
training level and about 52.2% at the higher education level. This
indicates that the higher education levels were overrepresented
relative to the general Dutch population (18.6% low educated vs.
32.3% high educated; cf. Statline, 2018).

Main sample characteristics (age, gender) and task completion
rates for each wave are provided in Table 1. As can be seen from
this table, task completion rates were lowest at the first wave, but
generally high (i.e., above 85%) at all waves.

Approval for the pre-COOL study was obtained from the Ethical
Advisory Committee of the Faculty of Social and Behavioral
Sciences of Utrecht University and the Ethical Advisory Commit-
tee of the Department of Education of the University of Amster-
dam.

Materials

Nonword repetition. At each wave, children completed a
nonword repetition task, which contained overlapping items across
successive waves. This overlap in items across waves allowed for
assessing the broad ability range characteristic of young children’s
developing skills with relatively brief tasks at each wave, enabling
us to avoid taxing young children’s short attention spans and
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Table 1

Sample Characteristics and Task Completion Rates per Study Wave

Age (years; months) Gender Vocabulary task® Nonword repetition task®
Wave M (SD) % girls N (%) N (%)
Wave 1 2:4 (0;3) 53.0 409 (86.8%) 401 (85.1%)
Wave 2 3;6 (0;3) 52.6 471 (100 %) 470 (99.8%)
Wave 3 4;10 (0;2) 529 452 (96.0%) 452 (96.0%)
Wave 4 5;10 (0;2) 53.0 444 (94.3%) 443 (94.1%)

# Number (percentage) of children out of 471 children who completed at least one item.

minimize floor or ceiling effects. Item Response Theory (IRT)
modeling (see Analyses) was used to scale all items on the same
latent ability scale.

At wave one, the task contained six 1-syllable and six 2-syllable
nonwords. At wave two, the six 2-syllable nonwords of wave one
were repeated and supplemented with six 3-syllable nonwords. At
wave three, the six 3-syllable items were repeated and supple-
mented with six 4-syllable nonwords. At the final wave, the six
4-syllable items were repeated and supplemented with six
5-syllable nonwords. As such, there was a small number of unique
items at the first and last study wave, while the remaining items
overlapped across successive waves (see Table 2).

At waves three and four, items were used that were a subset of
the items of the nonword repetition task reported in Rispens and
Baker (2012). These had been designed for Dutch children and
manipulated for item length. For waves two and three, no items
were available. Therefore, new items were constructed, which
were very similar to the items used at waves three and four in that
they had simple syllable structure, conformed to the main Dutch
stress pattern, and contained early acquired phonemes, except that
they were shorter, to make them appropriate for young children
(see also Verhagen et al., 2017).

All items had been prerecorded in a soundproof room by a
female speech and language therapist using a high-pitch voice that
is typical of child-directed speech. The recordings were then
embedded in the following procedure to keep children engaged in
the task: Children watched short video clips in which a novel
object appeared from a picture of a box on a laptop screen. At the
same time, they heard a prerecorded sentence labeling the object
that encouraged them to repeat the nonword: “Look, a [jaat]! Say
[jaat]!” The purpose of playing movie clips and prerecorded
speech on a laptop was to keep children engaged in the “game,”
while at the same time ensuring uniformity of input in terms of
rate, pitch, volume, and other phonetic and auditory features that
may otherwise vary across and within speakers. Such uniformity of

Table 2
Overview of the Unique and Overlapping Items Across Study
Waves for Nonword Repetition

Wave 1 Wave 2 Wave 3 Wave 4
Items 1-6
Items 7-12 Ttems 7-12
Items 13-18 Items 13-18
Items 19-24 Ttems 19-24
Items 25-30

input seemed especially important in a study of this scale in which
different research assistants administered the task.

In all assessments, items were presented in a fixed, pseudoran-
domized order in which no more than two items of the same length
were presented consecutively. Two practice trials were presented
to familiarize children with the procedure, and short breaks were
allowed if children needed a short pause. Responses were scored
online by trained assistants (i.e., immediately after each response),
as either “correct” or “incorrect”. The option “unclear” was used if
children’s responses could not be categorized as either correct or
incorrect by the assistant (2% of all responses), and coded as
missing in the analyses. The test showed good to excellent
internal consistency at all waves (Cronbach’s alphas were be-
tween .81 and .95).

Receptive vocabulary. A shortened version of the Dutch Pea-
body Picture Vocabulary Test (PPVT-III-NL; Dunn & Dunn,
2005) was used to assess receptive vocabulary. In this task, chil-
dren were asked to select one out of four picture drawings after an
orally presented word. Although this task is usually performed as
a paper-and-pencil task, it was administered on a laptop in the
current study, to facilitate administration and scoring. Moreover, to
reduce testing time, a shortened version was administered from
which items had been removed that appeared not to differentiate
well across children, as indicated by pilot studies with children of
the relevant ages (n = 111 at wave one, n = 52 at wave two, n =
33 at wave three, n = 36 at wave four). Specifically, items were
removed if they were either very easy or very difficult (i.e.,
average accuracy was below 30% or above 70% for these items in
the pilot studies). A fixed number of items was administered to all
children at each wave (i.e., 24 items at waves one and two, 28
items at waves three and four). Internal consistency of the task was
sufficient to good at all waves (Cronbach’s alphas ranged between
.70 and .85).

The vocabulary task was constructed along the same lines as the
nonword repetition task. In this task, too, a subset of the items was
kept constant from one wave to the next, whereas the remaining
items were newly added (see Table 3). This structure was chosen
to enable proper measurement within waves of children’s rapidly
developing vocabularies while avoiding floor or ceiling effects,
and, at the same time, allowing scaling of all items on a latent
ability scale through IRT modeling.

Procedure

Children were tested by trained research assistants in a quiet
room at their daycare centers, preschools, or at their homes. Tasks
were part of a larger battery of tasks and presented in a fixed order
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Table 3
Overview of the Unique and Overlapping Items Across Study
Waves for Vocabulary

Wave 1 Wave 2 Wave 3 Wave 4
Items 1-16
Ttems 17-24 Ttems 17-24
Items 25-40 Items 25-40
Ttems 41-52 Ttems 42-52
Items 53-69
Note. One item (num. 41) was not repeated from Wave 3 to Wave 4,

because of very low scores at Wave 3.

in which the vocabulary task preceded the nonword repetition task.
To optimize standardized assessment, research assistants had un-
dergone an intensive training before they were allowed to start data
collection at each study wave. First, they had attended a full day
test administration course. Second, they had received a detailed
standardized test protocol with step-by-step descriptions of the
procedures for each measure. Third, they had submitted a video
recording of a practice session with a child of the relevant age to
the principal investigators, together with their scoring sheets. The
test administration procedures and scoring sheets were reviewed
by the investigators, and each research assistant was sent a detailed
feedback report. If the research assistant had followed the stan-
dardized protocol, they were allowed to start data collection. If
administration or coding errors were observed, extensive feedback
was provided and the research assistant was asked to submit a
second video for another round of feedback. The investigators
discussed any difficult cases until agreement was reached, and read
each other’s feedback reports before sending these to the assis-
tants, to ensure that no divergence in their evaluations occurred
throughout the process.

Analyses

Interrelations between nonword repetition and vocabulary across
the four measurement waves were examined using LCS modeling. A
typical bivariate LCS model is illustrated in Figure 1.

In a bivariate LCS model, two sets of scores, X and Y, are
observed at t measurement waves (squares X, and Y, in Figure 1).
Underlying these scores, latent counterparts (circles x, and y,) are
assumed, which represent the true scores. At each wave, this true
score inherits the value from the previous wave (and, in the case of
the first wave, from the initial intercepts [i-x and i-y]), as in a
cross-lagged model, by a fixed regression coefficient of 1. In
addition, at each next wave, latent variables (Ax, and Ay,) are
added to the model, which represent changes in the true scores.
Importantly, these latent change scores are a function of three
types of to-be-estimated fixed effect loadings: (i) o loadings (ax,
ay) for the influence of the initial slopes (s-x, s-y), (ii) 3 loadings
(Bx, By) for the influence of the scores of the same ability at the
previous measurement wave (X, and y. ), and (iii) y loadings
(yx, vyy) for the influence of the scores of the other ability at the
previous measurement wave (y, ; and x,_;). The B loadings are also
referred to as self-feedback parameters, the vy loadings as coupling
parameters.

These vy coupling parameters are especially important in light of
the questions addressed in the current study, as they indicate the
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degree to which the level of an ability at time ¢ predicts changes in
the other ability at the next wave (¢+1). Specifically, on a storage-
based view of word learning, significant positive estimates for the
coupling parameters are predicted from nonword repetition to
vocabulary, but not vice versa, as nonword repetition is considered
the driving force behind vocabulary development. Within the
lexical restructuring account, in contrast, significant positive esti-
mates for the coupling parameters from vocabulary to nonword
repetition are predicted, but not vice versa, since growth in vocab-
ulary is assumed to lead to more detailed phonological represen-
tations, which, in turn, facilitate nonword repetition. Finally, on the
combined view, which, as we hypothesized above, may apply to
the current young age group, all estimates for the coupling param-
eters should be positive and significant, since both storage-based
learning and lexical restructuring play a role.

In LCS modeling, coupling parameters are usually held constant
over time, to make them easier to interpret, but they can also be
freely estimated (Ferrer & McArdle, 2004; Ferrer et al., 2007).
This allows one to investigate whether relationships between abil-
ities change within the time period investigated. Since our study
spanned three years in a period of rapid language development
(i.e., children’s preschool years), in which relationships between
vocabulary and nonword repetition may decrease with increasing
age (see introduction), the coupling parameters were allowed to be
different over waves in our model.

We report unstandardized values for the regression parameters,
since standardized values are less meaningful than unstandardized
values in LCS models, and difficult to interpret (McArdle, 2001;
see also Butner, Berg, Baucom, & Wiebe, 2014). Note that the two
initial intercepts (i-x and i-y) and two initial slopes (s-x and s-y) in
the model are random variables and therefore different for each
participant, while the loadings are the same for each participant,
and that we report unstandardized averages and variances, but
standardized covariances for these random variables.

In the current study, a bivariate LCS model was fitted to the data
to investigate the interrelationships between the latent abilities
underlying children’s nonword repetition and vocabulary skill.
Since all items in our study were binary and most of the items
overlapped across successive waves, the LCS model was supple-
mented with an IRT component (Grimm, Kuhl, & Zhang, 2013;
McArdle, Grimm, Hamagami, Bowles, & Meredith, 2009), esti-
mated at the same time, in one model.

IRT allows for the linkage of response accuracy on a given item
to both the underlying latent ability of the participant and the latent
difficulty of the item (Embretson & Reise, 2000). The larger the
positive difference between this ability and the difficulty (thresh-
old) of a particular item, the larger the likelihood of a correct
response, and vice versa. An advantage of IRT modeling is that it
can deal with differences in item difficulty: assuming a certain
ability level, easier items are more likely to elicit a correct re-
sponse than more difficult items. Likewise, assuming a certain
item difficulty level, participants with a higher ability level are
more likely to pass the item than participants with a lower ability
level. Importantly, for items that are the same across two succes-
sive waves, we assumed the same difficulties (thresholds). In this
way, increases in ability level across waves for these items could
be estimated, enabling the construction of a latent ability scale of
the construct being measured, based on all—both unique and
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Figure 1.

Conceptual model of a bivariate Latent Change Score model. X, and Y, = observed scores at time

t; x, and y, = latent true scores at time #; Ax, and Ay, = latent changes at time #; i-x and i-y = initial intercepts
(with averages fixed to 0, variances free); s-x and s-y = initial slopes (with averages fixed to 1, variances free).
Covariances (double arrows), Bx and By = self-feedback parameters and yx, and yy, = coupling parameters are
freely estimated; ax and ay = loading parameters regressing change on the initial slopes and all other paths are
fixed to 1. See the online article for the color version of this figure.

overlapping—items across waves (Grimm et al., 2013; McArdle et
al., 2009).

Thus, the current model differed from the typical LCS model
used in most studies and illustrated in Figure 1, in that, instead of
the single observed variables (X, and Y,), children’s binary re-
sponse scores on the multiple items administered at each wave
were loaded on four latent factors (x, and y,), each representing the
latent ability of the construct at a given wave. Item loadings of
items on their factor were all fixed to 1. Item thresholds were free
to differ across items, with one exception: Thresholds were con-
strained to be equal for items that were repeated at the next wave,
to ensure the same metric over these waves. By freeing the item
thresholds, differences in item difficulty were taken into account.
In addition, item residual variances of the items were free to differ

between items, with one exception: Residual variances were con-
strained to be equal for items that were repeated at the next wave,
to ensure the same metric. By freeing the item residual variances,
differences in item discrimination were taken into account. Note
that item loadings, item thresholds, and item residual variances,
although freely estimated, were the same across participants.

To facilitate comparison of nonword repetition and vocabulary
abilities, we fixed the average of the initial intercept at 0 and the
average of the initial slope at 1 for both abilities. This caused no
problems because the scale was arbitrary and threshold estimates
accommodated such that fit was not negatively affected. In this
way, we created a model, which, in its IRT part, was optimized for
the specific properties of our data and, in its LCS part, was
optimized to address our research questions.
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The resulting model was rather complex. To reduce model
complexity and eliminate convergence problems, we first removed
6 items from the vocabulary task (i.e., items 34, 55, 64, 65, 66, 67),
5 of which were from wave four and non-overlapping with those
of wave three. These 6 items loaded very weakly or even nega-
tively onto the latent factor. Importantly, leaving out these items
did not change the main parameters of the LCS part, but resolved
convergence problems and reduced computation time consider-
ably. Next, we removed 4 more items from the vocabulary task
because of ceiling/floor effects. For those items, virtually all
children either passed or failed the item. This left us with 141 items
in total: 93 for vocabulary and 48 for nonword repetition.

We used Mplus 7.4, with the Weighted Least Squares Means
and Variances adjusted estimator (WLSMV), a PROBIT link, and
Theta parameterization (Muthén & Muthén, 1998-2012). The
PROBIT link means that the aforementioned differences between
difficulty and ability are expressed in units that refer to the stan-
dard normal distribution with a mean of 0. An advantage of using
the WLSMYV estimator with a PROBIT link is that an absolute
overall fit measure is available. This overall fit of the model was
evaluated in terms of the indices Root Mean Square Error of
Approximation (RMSEA), Comparative Fit Index (CFI), and
Tucker Lewis Index (TLI), following commonly applied cut-off
criteria. Specifically, model fit was considered good if RMSEA
was below .05, and CFI and TLI were above .90 (Little, 2013).
Another advantage of using the PROBIT model is that discrimi-
nation differences between items could be added to the model
(Asparouhov & Muthén, 2015). Thus, model fit assessed the
ability to model responses across all test items for all participants.

Our analyses proceeded in three steps. First, a bivariate LCS
model of nonword repetition and vocabulary skill was fitted,
containing an integrated IRT component, as explained above. Of
particular importance to our research question were the cross-
loadings (coupling parameters) between the latent abilities under-
lying nonword repetition and vocabulary, because these indicate
the changes in an ability from one wave to the next, caused by the
other ability at the previous wave. This model had 202 free
parameters.

Second, to see if there was evidence for a bidirectional relation-
ship between vocabulary and nonword repetition, three alternative
models were fitted, after fitting the LCS model with all coupling
parameters. In the first model, the three coupling parameters from
X, to Ay,,, were removed. In the second, the three coupling
parameters from y, to Ax,,, were removed. Both models had 199
free parameters. In the last model, both sets of coupling parameters
were removed (for similar model comparisons, see Ferrer et al.,
2007; Ferrer & McArdle, 2004; Quinn, Wagner, Petscher, &
Lopez, 2015). This model had 196 free parameters. Model fit of
the resulting models in which either one or both coupling param-
eters were left out was compared with the model containing all
coupling parameters. However, in this comparison, regular chi-
square difference testing could not be used due to using the
WLSMV estimator (Muthén & Muthén, 1998-2012). The alter-
native DIFFTEST-procedure for WLSMV models provided by
Mplus could not be applied to our models either, due to constrain-
ing item difficulties of overlapping items to be equal across waves.
Instead, we present corrected chi-square difference testing based
on running all models with the more conservative WLSM estima-
tor. This should give the exact same values for all parameter
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estimates, which, indeed, was the case in our models. If a signif-
icant result was obtained from the chi-square difference test, the
more complex model (containing more coupling parameters) was
considered the preferred model.

Finally, to see whether our results were specific to the type of
analysis used, we checked whether the same results were obtained
if we analyzed our data using cross-lagged models and LGM—the
analyses used in Melby-Lervag et al. (2012). For a more detailed
description of these analyses, see the supplemental materials on-
line.

Results

Longitudinal Relationships Between Nonword
Repetition and Vocabulary

Descriptive statistics of proportion correct scores for vocabulary
and nonword repetition at each wave are shown in Table 4. It
should be stressed here that, although these data provide general
information regarding potential ceiling effects and interindividual
variation in the data, they are not informative regarding growth of
nonword repetition and vocabulary skill, due to the use of partly
different item sets across waves.

The relative differences in growth of children’s latent abilities
underlying vocabulary and nonword repetition from waves one to
four are presented in Figure 2. As mentioned above, we fixed the
average of the initial intercept at 0 and the average of the initial
slope at 1 in our model for both abilities. As can be seen in this
figure, vocabulary ability shows steady growth, whereas nonword
repetition ability initially grows at a similarly fast rate, from wave
one to wave two, but then slows down, from wave two to wave
four.

To address our research question regarding relationships be-
tween vocabulary and nonword repetition, a bivariate LCS model
was fitted in which coupling parameters in both directions (from
nonword repetition to vocabulary and vice versa) were estimated.
This model, which is in depicted in Figure 3, fitted the data well
(x*(9809) = 10,274.849, RMSEA = .010, CFI = .933, TLI =
.933).

Table 4
Descriptive Statistics for Nonword Repetition and Vocabulary
for Overlapping Items per Study Wave (Proportion Correct)

Wave 1 Wave 2 Wave 3 Wave 4
Items M SO M SO M SD M SD
Nonword repetition
1-6 3 34 - - - - - —
7-12 22 29 57 28 0 — — - —
13-18 - - 37 271 57 21 — —
19-24 — — —  — 41 27 50 30
25-30 e
Vocabulary
1-16 64 31 - - - - - —
17-24 40 29 8 18 — - —  —
25-40 — — 60 .18 82 20 — —
41-52 —- - - — 56 22 74 25
53-69 - - - - — — 46 .18
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Figure 2. Average growth of nonword repetition and vocabulary abilities
from 2 to 5 years. Error bars indicate an interval of one standard deviation
above or below the estimated person abilities. (These standard deviations
for the person abilities should not be confused with the standard deviations
that refer to the differences between person ability and item difficulty,
indicated on the Y-axis).

In this model, the initial intercepts (I-nwr and I-vocab in
Figure 3) are zero, due to the anchoring at wave one for both
vocabulary and nonword repetition abilities. Although these
means suggest that children had the same proportions correct
for vocabulary and for nonword repetition, this is not a correct
interpretation, as these scores are based on arbitrarily chosen
item difficulties, making direct comparisons between the two
abilities not meaningful. These initial intercepts show substan-
tial individual variation for both abilities (nonword repetition
[awr]: var = 0.932, SE = 0.137, SD = 097, p < .001;
vocabulary: var = 0.168, SE = 0.025, SD = 0.41, p < .001).
The initial slope estimates (S-nwr and S-vocab in Figure 3)
were fixed at 1. The variances for these estimates are modest
(nonword repetition: var = 0.080, SE = 0.019, SD = 0.28,p <
.001; vocabulary: var = 0.037, SE = 0.007, SD = 0.19, p <
.001). There is a significant standardized covariance between
the initial intercept and the initial slope for nonword repetition
(cov = 0.331, SE = 0.066, p < .001), but not for vocabulary.
The standardized covariance between the initial intercept for
vocabulary and the initial intercept for nonword repetition is
significant (cov = 0.499, SE = 0.053, p < .001). The remaining
covariances (see Figure 3: in gray) are not significant.

The wave-specific growth estimates (Anwr, and Avocab, in
Figure 3) are influenced in three ways: (i) by a random initial
slope, just discussed, weighted by a fixed loading of 1, (ii) by
a negative weighted influence from the previous level of the
ability itself (i.e., the self-feedback parameter), and (iii) by
positive weighted influences from the other variable (i.e., the
coupling parameter). The negative self-feedback parameters,
which were held constant over subsequent waves, indicate that
the growth rate decreased from one wave to the next for both
abilities (Bnwr, = —0.949, p < .001 for nonword repetition;
Bvocab, = —0.325, p < .001 for vocabulary). The coupling
parameters from vocabulary to nonword repetition were posi-
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tive and significant at all three intervals (ynwr, — Avocab, =
0.551, p < .001; ynwr, — Avocab; = 0.367, p < .011; ynwr,
— Avocab, = 0.301, p < .001). The coupling parameters from
nonword repetition to vocabulary were positive and significant
or showed a trend toward significance (yvocab, — Anwr, =
0.123, p = .005; yvocab, — Anwry = 0.172, p = .062; yvocab,
— Anwr, = 0.219, p = .033). Thus, these parameters indicate
positive effects on the growth rate from the other ability for
both abilities, from one wave to the next, albeit most clearly so
for the cross-relationship from vocabulary to nonword repeti-
tion. Note, however, that, since growth of each variable is a
function of three different influences which may work in dif-
ferent directions and can be proportional or linear, the sizes of
the effects of vocabulary on nonword repetition ability and vice
versa cannot simply be compared.

Taken together, these findings indicate that there are cross-
lagged interrelations between both variables over time: changes
in an ability from one wave to the next, over the period from 2
to 5 years, are not only dependent on the level of ability itself
at the previous wave, but also on the level of the other ability
at the previous wave. Due to the proportional nature of these
estimates, and the fact that the coupling parameters become
larger or smaller over waves, growth is not linear (see Figure 2).
Average latent vocabulary shows a substantial increase from
one wave to the next compared to the variation in this ability
within waves, while the average latent nonword repetition abil-
ity shows a smaller increase as compared to the variation in this
ability within waves.

In order to address whether the cross-effect of vocabulary on
nonword repetition ability was stronger than vice versa, we com-
pared the model in Figure 3 with three alternative models in which
one or both cross-effects (from vocabulary to nonword repetition
and vice versa) were removed (see Ferrer & McArdle, 2004; Ferrer
et al., 2007 for similar procedures). This model comparison indi-
cated that our initial model with coupling parameters in both
directions showed significantly better fit (WLSM Ax*(3) =
13.543, p = .004) than the model with the coupling parameters
regressing vocabulary on nonword repetition only (x*(9812) =
10,293.254, RMSEA = .010, CFI = .931, TLI = .930) and better
fit (WLSM Ax?(6) = 17.241, p = .008) than the model containing
neither of the two coupling parameters (x*(9815) = 10,296.399,
RMSEA = .010, CFI = .931, TLI = .930). It did not show better
fit (WLSM Ax*(3) = 2.753, p = .431) than the model with the
coupling parameters regressing nonword repetition on vocabulary
only (x*(9812) = 10,276.120, RMSEA = .010, CFI = .933,
TLI = .933).

Summarizing, the current results show positive and significant
reciprocal relationships over time between nonword repetition and
vocabulary during the preschool period. The model in which both
cross-loadings (i.e., coupling parameters) were included provided
a significantly better fit to the data than the models in which
cross-loadings from vocabulary to nonword repetition or both
cross-loadings were removed, which shows that there are positive
bidirectional relationships between nonword repetition and vocab-
ulary in the period from 2 to 5 years. However, it did not show
better fit than a model in which cross-loadings from nonword
repetition to vocabulary were removed, suggesting that especially
vocabulary skill was predictive of nonword repetition skill in the
current study, rather than vice versa.
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Figure 3. Results of bivariate Latent Change Score Model for nonword repetition and vocabulary ability from
2 to 5 years. For latent variables (large circles), unstandardized means and variances are presented, separated by
a comma. For covariances (double-sided arrows), standardized estimates (correlations) are presented; gray
values are not significant. For regressions (single-sided arrows), unstandardized estimates are presented. For
observed variables (squares), only the first and the last item per factor are shown; all item loadings were fixed
to one; all item thresholds and item residual variances (small circles) were estimated. See the online article for

the color version of this figure.

Checking the Results Against Cross-Lagged and
Latent Growth Models

The current findings differ from those in Melby-Lervag et al.
(2012) in showing reciprocal relationships between nonword rep-
etition and vocabulary over time, at least in our main model with
coupling parameters in both directions. One explanation of this
discrepancy in results might be that we used a different type of
analysis. Recent work has shown that LCS modeling may sometimes
yield different results than cross-lagged models (cf. Usami, Hayes, &
McAurdle, 2015, 2016). To see whether our results would differ as a
function of the analyses used, we conducted two additional analyses
by adapting the parameter settings of our above-described LCS mod-
el: cross-lagged modeling (i.e., relating two simplex models for vo-
cabulary and nonword repetition) and LGM, as used in Melby-Lervag
et al. (2012). Here, only a brief summary of the main results is given.
For more details on the models and the analytical steps taken, see the
online supplemental materials.

The cross-lagged model (see Figure S1 in the online supple-
mental materials) fitted our data well (x*(9812) = 10,325.570,
RMSEA = .011, CFI = .926, TLI = .926), but not as well as the
LCS model. Importantly, in this model, the cross-lagged paths from
nonword repetition to vocabulary were significant across successive
waves (b = 0.091, p < .001), and the same held for the cross-lagged
paths from vocabulary to nonword repetition (b = 0.397, p < .001),
indicating bidirectional relationships between both abilities.

The latent growth model, replicated from Melby-Lervag et al.
(2012; see Figure S2 in the online supplemental materials) fitted
the data reasonably well (x*(9817) = 10,394.656, RMSEA =
.011, CFI = 917, TLI = .916). However, it fitted the data less well
than the LCS model, as evidenced by lower CFI/TLI values, as
well as a significant outcome of a chi-square difference test for
nested models (WLSM Ax*(8) = 73.009, p < .001). Importantly,
in this LGM model too, there were significant cross-loadings
between both abilities. Specifically, the path from the intercept of
nonword repetition to the slope of vocabulary was significant (b =
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0.147, p = .015), as well as the path from the intercept of
vocabulary to the slope of nonword repetition (b = 0.037, p =
.013).

Discussion

In this study, we investigated the developmental relationships
between nonword repetition and vocabulary over the preschool
years in a sample of 471 Dutch-speaking children. Our aim was to
test three different views on how nonword repetition and vocab-
ulary growth may be interrelated in children’s development: (i) a
storage-based view, which assumes that improvements in nonword
repetition drive vocabulary learning (Gathercole, 2006), (ii) a
lexical restructuring view, which assumes that improved nonword
repetition is the result of vocabulary growth rather than its cause
(Bowey, 2001; Metsala, 1999), and (iii) a “combined” view ac-
cording to which both processes play a role, resulting in reciprocal
relationships between the two abilities over time (Rispens &
Baker, 2012; Snowling, 2006).

In earlier longitudinal studies on this topic, outcomes of children
between 4 and 7 or 8 years of age were examined, and no clear
evidence was found for either view (Gathercole et al., 1992;
Melby-Lervag et al., 2012). We hypothesized that this might be
due to the relatively “old age” of the participants in these studies,
and predicted that, in our study on preschool children, bidirectional
relationships between nonword repetition and vocabulary would
be found. Specifically, based on earlier evidence which suggests
that young children rely on phonological storage as a basic learn-
ing mechanism more strongly than older children during word
learning (Gathercole, 1995; Jarrold, Baddeley, Hewes, Leeke, &
Phillips, 2004), we expected that nonword repetition would predict
vocabulary skill in our sample of 2- to 5-year-olds. Moreover, we
predicted that, in children this young, vocabulary would predict
nonword repetition skill, based on earlier work showing that lex-
ical restructuring is an early process (Edwards, Beckman, & Mun-
son, 2004; Storkel, 2002; Verhagen et al., 2017).

Our results indeed indicated that there were bidirectional rela-
tionships between nonword repetition and vocabulary. Specifi-
cally, using LCS modeling, a model in which cross-paths in both
directions (i.e., from vocabulary to nonword repetition and vice
versa) were estimated, showed that vocabulary significantly pre-
dicted nonword repetition over time, from ages 2 to 3, 3 to 4, and
4 to 5. Interestingly, this relationship became weaker over time, in
line with our prediction that lexical restructuring would become
less important with age. Nonword repetition showed a less clear
pattern: It significantly predicted vocabulary for two out of three
time intervals, from ages 2 to 3 and from ages 4 to 5. The
prediction between ages 3 and 4 only showed a trend toward
significance (p = .062).

A comparison between this “full model” and three alternative
models was then performed: (i) a model in which only the coupling
parameters from nonword repetition to vocabulary were included
(in line with the phonological storage view), (ii) a model in which
only the coupling parameters from vocabulary to nonword repeti-
tion were included (in line with the lexical restructuring view), (iii)
and a model in which no coupling parameters were included.
Comparing the model with all coupling parameters (representing
the “combined view”) to the other three models, we found that the
former model had a significantly better fit to the data than the

model with coupling parameters from vocabulary to nonword
repetition representing the lexical restructuring view and the model
without any coupling parameters. It did not show better fit than the
model with coupling parameters from nonword repetition to vo-
cabulary representing the storage-based view, however.

Taken together, these results indicate that receptive vocabulary
level positively and significantly contributed to growth rate
changes in nonword repetition from one wave to the next. Evi-
dence for the reverse relationship was less strong. Significant
predictive relationships were found for two out of three age inter-
vals, and a model in which only these relationships were retained
did not show significantly worse fit than the model with both
cross-relationships. Thus, with respect to the storage-based view of
word learning, the results are less conclusive.

To rule out that the significant cross-domain relationships found
in our full model were an artifact of the type of modeling used and,
for this reason, differed from the findings in earlier work, we
reanalyzed our data using cross-lagged and latent growth model-
ing, the techniques used by Melby-Lervag et al. (2012) on both
their own data and those of Gathercole et al. (1992). These addi-
tional analyses yielded very similar results and confirmed the
presence of bidirectional relationships in our data. This indicates
that our findings are robust.

Our motivation for using LCS modeling in our primary analysis
was that LCS modeling is better suited to assess the dynamic
relationships between two growing abilities than the analytical
techniques used previously (Ferrer & McArdle, 2004, 2010;
Grimm, 2008; McArdle, 2009). We found the fit of the LCS model
to be better than the fit of both cross-lagged and LGM models that
were based on the same data. Note, however, that these more
classic models differ in important respects from an LCS model,
which might have led to under- or overestimations of the cross-
effects (see also Berry & Willoughby, 2017). Specifically, in the
LGM, the cross-effect may have been underestimated, perhaps
because this model only contains cross-connections in the global,
not wave-specific, intercept and slope parameters (McArdle,
2009). The cross-lagged model, in contrast, may have overesti-
mated the cross-effects, perhaps since no mean level structure is
included (Hamaker, Kuiper, & Grasman, 2015). These ideas re-
ceive at least some tentative support by the results of Melby-
Lervag et al. (2012), who found that, in their cross-lagged model,
one of the cross-relations approached significance (p = .079),
while there was no evidence for a significant cross-relationship in
their latent growth model based on the same data. However, close
comparisons of these models are beyond the topic of the current
study, and other studies fitting various models to the same data set
as well as simulations studies are needed to clarify the precise
differences between types of models (cf. Usami et al., 2016).

Previous studies have shown that nonword repetition and vo-
cabulary are correlated in preschoolers (e.g., Adams & Gathercole,
1993; Chiat & Roy, 2007; Hoff et al., 2008; Zamuner, 2009), but,
to the best of our knowledge, none of these studies have examined
the directionality of these relationships in a longitudinal design.
Therefore, our study is the first to assess longitudinally how, in this
age group, nonword repetition and vocabulary are interrelated. The
current findings present clear evidence for the lexical restructuring
view, according to which growth in vocabulary underlies growth in
nonword repetition through better-developed phonological repre-
sentations (Bowey, 2001; Metsala, 1999; Metsala & Walley,
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1998). Our findings also provide suggestive evidence for a storage-
based view on the relationship between nonword repetition and
vocabulary, which considers nonword repetition as the driving
force behind vocabulary growth at early phases of development
(Baddeley et al., 1998; Gathercole, 2006). Taken together, these
findings provide at least tentative evidence for the third view
outlined in the introduction, which assumes that lexical restructur-
ing and storage-based word learning work in parallel in young
children, an idea proposed—but not yet empirically tested- in
longitudinal research on young children (Hoff et al., 2008; Rispens
& Baker, 2012; Snowling, 2006).

Our results contrast with those of Melby-Lervag et al. (2012)
and Gathercole et al. (1992), who found no clear evidence for
significant predictive relationships between nonword repetition
and vocabulary (or vice versa) in a sample of 4- to 7-year-olds. We
proposed that this may be due the age of the participants in these
studies. Indeed, in our data, the strength of the predictive relation-
ship between vocabulary and nonword repetition decreased as
children grew older, in line with earlier cross-sectional studies
showing that lexical restructuring is especially important in early
stages of language development.

Another possible explanation of the (near) lack of significant
associations between nonword repetition and vocabulary in earlier
work, apart from age, is the type of nonword stimuli used. In
Gathercole et al. (1992), the Children’s Test of Nonword Repeti-
tion (Gathercole & Baddeley, 1996) was used, which contains
stimuli that strongly resemble existing (English) words, such as
defermication and voltularity. In their replication study, Melby-
Lervag et al. (2012) used the same stimuli “adapted to the phonetic
and semantic features of the Norwegian language” (p. 2, italics
added). Hence, in both studies, nonwords contained frequent sound
sequences, and even existing morphemes and word endings such
as “-ation” and “-tually.” The question arises whether the use of
such items may have led children to bootstrap the nonwords from
similar nonwords or even existing words and syllables in their
lexicons, in children with large and smaller vocabularies alike. A
number of previous, cross-sectional studies have shown that rela-
tionships with vocabulary are stronger for nonword repetition of
items composed of infrequent phoneme combinations as compared
to items containing highly frequent phoneme combinations (Ed-
wards et al., 2004; Munson, Kurtz, & Windsor, 2005). Such
findings have been taken as evidence that, when repeating low-
probability nonwords, children cannot rely on existing language
knowledge and thus are more heavily dependent on well-
developed phonological representations. However, while this ac-
count may explain the lack of clear predictive effects from vocab-
ulary to nonword repetition in earlier work, it cannot explain why
no clear predictive effects from nonword repetition to vocabulary
were found in Melby-Lervag et al. (2012) and Gathercole et al.
(1992). Future research could address whether the wordlikeness or
phonotactic probability of the nonwords affects the longitudinal
relationships with vocabulary in young children.

The current study used IRT-based linkage of common items
across waves to allow growth modeling of different—but partly
overlapping—items across waves (McArdle et al., 2009). Through
linkage of overlapping items across waves, latent ability scales for
the two skills could be constructed, which served as input for the
LCS model. The problem we encountered in our study of not being
able to use the same test at each wave is a common one in research
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on cognitive development in young children, because children’s
skills often develop rapidly. A common procedure to deal with this
problem is to have changing tests over time and to perform
regressions to predict later scores from earlier scores. However,
such regression models do not allow us to assess growth at the
individual level (Grimm et al., 2013; McArdle et al., 2009). The
current procedure in which IRT was applied to construct latent
ability scales based on overlapping items across waves, which
served as input for modeling growth patterns, may be useful for
future research investigating (relationships among) children’s rap-
idly developing skills over time.

Our findings indicate that lexical restructuring and phonological
storage work in parallel, with the clearest support found for lexical
restructuring. There are several steps that could be taken to inves-
tigate this finding further. For instance, future studies could target
even younger children by relating measures of phonological rep-
resentations suitable for infants and toddlers (e.g., mispronuncia-
tion detection; Swingley, 2005) to vocabulary measures, to see
whether lexical restructuring takes place at even earlier stages of
language development. Relationships between nonword repetition
and productive vocabulary could also be investigated, as there is
some evidence that relationships with nonword repetition are
stronger for productive than receptive vocabulary, at least in chil-
dren around 2 years of age, perhaps due to articulatory demands
playing a role in both nonword repetition and productive vocabu-
lary (Hoff et al., 2008; Stokes, Moran, & George, 2013).

Furthermore, the association could be assessed in different pop-
ulations. Specifically, comparisons among typically developing
children, bilingual children, and children with language impair-
ment could be made, to see whether the same developmental
relationships are attested across these groups. With respect to
bilingual children, vocabulary knowledge in one language is gen-
erally more limited than that of monolingual children (Bialystok,
Luk, Peets, & Yang, 2010; Pearson, Ferndndez, Lewedeg, & Oller,
1997), and phonological memory skills typically higher in their
dominant language (Messer, Leseman, Boom, & Mayo, 2010),
presenting an interesting case for studying how nonword repetition
and vocabulary are related within bilingual children’s two lan-
guages, to test language-specificity of the processes driving word
learning.

Regarding children with language impairment, one would pre-
dict even closer associations between nonword repetition and
vocabulary, since language-impaired children are at a less ad-
vanced stage of language development and, thus, expected to rely
even more on processes of lexical restructuring and phonological
storage (e.g., de Bree, Rispens, & Gerrits, 2007; Rispens & Baker,
2012). Different outcomes cannot be ruled out, however. Previous
(cross-sectional) research has demonstrated that some language-
impaired preschoolers may show very poor nonword repetition
ability but normal to good vocabulary skill, or vice versa, despite
significant associations between nonword repetition and receptive
vocabulary at the group level (Chiat & Roy, 2007). What is
needed, therefore, are longitudinal studies that address how non-
word repetition and vocabulary are interrelated in language-
impaired children as compared to typically developing children, to
reveal whether the same processes drive word learning in these
groups.

There are a number of limitations to our study. First, the number
of items used per wave, especially for nonword repetition, was
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limited. This was deemed necessary, given toddlers’ and pre-
schoolers’ relatively short attention spans, as well as the fact that
the current tasks were part of a larger test battery, and thus had to
be very short. Second, participants for this study involved a sub-
sample of a larger group of participants, which had been selected,
in part, on task completion at ages two and three. Since individual
differences in task completion—especially at this young age—
may be correlated with participant characteristics such as general
intelligence and attention span, the current sample—even though
still relatively large—may have been biased. In particular, the fact
that children had developed sufficient language at age 2 to be
assessed raises the possibility that the current sample is not fully
representative of the child population at large.

Notwithstanding these limitations, the current study clearly adds
to our knowledge on the developmental relationships between
nonword repetition and vocabulary, as it presents longitudinal data
from younger children than earlier work and provides converging
evidence from several statistical techniques. Specifically, the cur-
rent findings suggest that phonological storage, as tapped by
nonword repetition, drives vocabulary growth. They also indicate
that increases in vocabulary, in turn, result in better nonword
repetition ability. As such, they present at least tentative evidence
that there are positive and reciprocal relationships between the two
skills in early stages of linguistic development, with lexical re-
structuring being the more important process.
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