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Abstract
Previous studies show that verba short-term memory (VSTM) isrelated to vocabulary learning,
while verbal working memory (VWM) isrelated to grammar learning in children learning a
second language (L2) in the classroom. In this study, we investigate if the same relationships
apply to children learning an L2 in a naturalistic setting and to monolingual children. We aso
investigate if relationships with verbal memory differ depending on the type of grammar skill
investigated (i.e., morphology vs. syntax). Participants were 63 Turkish children who learned
Dutch as an L2 and 45 Dutch monolingual children (mean age: five years). Children completed a
series of VSTM and VWM tasks, a Dutch vocabulary task, and a Dutch grammar task. A
confirmatory factor analysis showed that VSTM and VWM represented two separate latent
factorsin both groups. Structural equation modeling showed that VSTM, treated as a latent
factor, significantly predicted vocabulary and grammar. VWM, treated as a latent factor, only
predicted grammar. Both memory factors were significantly related to the acquisition of
morphology and syntax. There were no differences between the two groups. These results show
that (i) VSTM and VWM are differentially associated with language learning and (ii) the same
memory mechanisms are employed for learning vocabulary and grammar in L1 children and L2

children who learn their L2 naturalistically.

Keywords: verbal short-term memory, working memory, vocabulary, grammar, first language

learners, second language learners, structural equation modeling [221 words]
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How do Verbal Short-Term and Working Memory Relate to the Acquisition of

Vocabulary and Grammar? A Comparison between First and Second Language Learners

Thereisincreasing evidence that verbal working memory is related to the acquisition of
vocabulary and grammar in both first language (L 1) and second language (L 2) learning (Adams
& Gathercole, 1996, 2000; Baddeley, Gathercole, & Papagno, 1998; French & O’Brien, 2008;
Masoura & Gathercole, 2005). Significant correlations with language learning have been found
for both components of verbal memory, that is, for verba short-term memory (VSTM), referring
to the capacity to store verbal information, and for verbal working memory (VWM), or the
ability to process verbal information whileit is being stored. However, few studies have
simultaneously examined effects of VSTM and VWM on language learning in the same sample.
Also, to the best of our knowledge, no previous studies have investigated (i) whether
relationships between VSTM or VWM and language | earning are the same for L1 and L2
children, and (ii) whether these relations are similar for vocabulary and grammar.

VSTM has been considered important for the development of stable phonological
representations in long-term memory that are needed for vocabulary and grammar learning,
based on studieswith L1 or L2 children (Baddeley et a., 1998; Speidel, 1989). VWM has been
considered important for grammar learning through its involvement in noticing (Mackey, Philp,
Egi, Fuji, & Tatsumi, 2002) and processing of linguistic structures (Harrington & Sawyer, 2002;
Sunderman & Kroll, 2009), but these claims have been amost exclusively based on L2
classroom studies. There is some evidence, however, that VWM isrelated to grammar learning

more strongly in explicit L2 learning conditions than in implicit learning conditions (Tagarelli,
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Borges-Mota, & Rebuschat, 2011), in line with the idea that explicit learning requires the control
of attention, an important function of VWM.

In this study, we aim to obtain a more complete picture of how verbal memory relates to
language learning than in previous studies by investigating how the two components of verbal
memory (VSTM and VWM) relate to two domains of language (vocabulary and grammar) in
two learner groups (L1 children and naturalistic L2 children). In so doing, our goals are to obtain
a better understanding of a potentially major source of individual differencesin L1 and L2
vocabulary and grammar learning as well as shed more light on whether the same verbal memory
processes are involved in L1 and naturalistic L2 learning.

To the best of our knowledge, only two previous studies have simultaneously looked at
effects of VSTM and VWM in the same sample, but both looked at L2 children acquiring their
L2 in the classroom (Engel de Abreu & Gathercole, 2012; Kormos & Safér, 2008). For these
children, adivision of labor between the two memory components was found: while VSTM was
associated with L2 vocabulary, VWM was associated with L2 grammar. In this study, we
investigate if the same relationships apply to children acquiring their L2 naturalistically, without
formal instruction, and children acquiring their native language.

Verbal Working Memory and L anguage L ear ning

A common view on the structure of working memory holds that working memory is not a
single store, but a system containing separate but interacting components (Baddeley & Hitch,
1974). Besides a domain-general component, termed central executive, there are two domain-
specific storage components for verbal and visuospatial information. The verbal storage
component, or ‘phonological loop’, alows the storage of verbal information for short periods of

time; the visuospatial sketchpad enables the storage of visual and spatial representations. The
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central executive is adomain-general component responsible for arange of processes, such as
controlling and monitoring information, retrieving information from long-term memory and
attentional control (Baddeley & Logie, 1999). Studies on young children using confirmatory
factor analyses have shown that al working memory components are in place from age four on
(Alloway, Gathercole, Willis, & Adams, 2004; Alloway, Gathercole, & Pickering, 2006).

VSTM has typically been measured through simple span tasks that require the storage of
verbal units, such as nonwords or digits. VWM has been measured through complex span tasks
that require the simultaneous short-term storage and processing of information. For example, in
sentence span tasks, participants are asked to recall the last word of each sentence in a series of
sentences, while at the same time judging whether each sentenceistrue or false. So, like VSTM
tasks, VWM tasks require phonological storage, but in addition, they tap executive processes that
are responsible for maintaining information active and updating the information that is stored.

For monolingual children, previous studies show that both VSTM and VWM are
involved in language acquisition. VSTM shows strong associations with word learning
(Gathercole, et a., 1992; see Gathercole, 2006 for an overview) as well as with the production of
long and grammatically complex sentences (Adams & Gathercole, 1996, 2000; Blake et al.,
1994). VWM s related to grammar learning, more specifically, to monolingual children’s
grammaticality judgements (Gottardo, Stanovich, & Siegel, 1996), receptive syntax (Ellis
Weismer, Evans, & Hesketh, 1999), and sentence comprehension (Montgomery, 1995).

Most previous studies have looked at composite measures of grammatical ability,
however, rather than at specific grammatical constructions. An exception to thisisMcDonald
(2008), which investigated how differencesin VWM were associated with children’s judgment

accuracy of various grammatical structures. McDonald found that differencesin VWM predicted
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performance on constructions that require children to keep in mind multiple sentence parts, while
checking the consistency of information across these parts (e.g., regular past tense, third person
agreement), but not on other constructions (e.g., yes/no-questions).

For L2 children, previous work on therole of VSTM has also shown significant
relationships with L2 vocabulary (Cheung, 1996; Masoura & Gathercole, 2005) and L2 grammar
(French & O’Brien, 2008; Kormos & Séfar, 2008; Service & Kohonen, 1995; Verhagen, Messer,
& Leseman, 2015). However, as for L2 grammar, studies differ as two whether effects of VSTM
were independent of L2 vocabulary knowledge: Whereas, in some studies, effects of VSTM on
L2 grammar could be explained by L2 vocabulary knowledge (French, 2006; Service, 1992;
Service & Kohonen, 1995), other studies reported direct effects of VSTM on L2 grammar,
independent of L2 vocabulary (French & O’Brien, 2008; Verhagen et al., 2015). Verhagen et al.
(2015), for example, studied the same L2 children as the current study at a younger age (age
four) and found that VSTM predicted children’s production of L2 grammatical structures such as
subject-verb agreement and word order, even after differencesin L2 vocabulary were controlled.

Studies on rel ationships between VWM and L2 grammar have focused on adult learners,
showing, for example, that adults rely on VWM when learning anovel language (Martin & Ellis,
2012; Williams & Lovatt, 2003). Previous work on L2 adults also suggests that VWM isrelated
to grammar learning more strongly in situations of explicit learning rather than implicit learning
(Tagarelli, Borges-Mota, & Rebuschat, 2011), presumably due to the fact that explicit learning
requires attentional control, an important function of VWM. Specifically, Tagarelli et a. (2011)
found that VWM predicted adults’ learning of a syntactic pattern in a semi-artificial language
when participants were asked to discover the word-order rules of thislanguage, but not when

they were not told about these rules, but instead, listened to the sentences for meaning. This
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raises the question if VWM isrelated to grammar learning in learners who acquire their L2
naturalistically, without explicit L2 instruction.

To the best of our knowledge, only two studies have simultaneously investigated effects
of VSTM and VWM on language learning in the same sample. Kormos and Séféar (2008)
investigated effects of VSTM and VWM on arange of L2 language skills, including L2
vocabulary and grammar. Participants were fifteen- and sixteen-year-old Hungarian students
who learned English through an intensive instruction program. VSTM was measured through
nonword repetition and VWM was assessed through backward digit recall. Children’s .2
proficiency was measured through a proficiency test that assessed L2 grammar and vocabulary in
an integrated manner. This study showed that VSTM was significantly related to test scoresin
intermediate learners, but not in beginning learners. VWM was significantly correlated with test
scoresin all learners. However, as the test assessed both vocabulary and grammar, this study
leaves unclear whether the two components of verbal memory have differential effectson L2
skills. Moreover, the participantsin this study learned their L2 via explicit instruction, which
may have led them to apply metalinguistic rules and strategies, implying stronger involvement of
VWM (Linck & Weiss 2011; Tagarelli et a., 2011).

The second study comparing effects of VSTM and VWM on L2 (and L3) vocabulary and
grammar was conducted by Engel de Abreu and Gathercole (2012). These authors examined data
from trilingual Luxembourgian children who were seven or eight years old and learned their L2
(German) and L3 (French) at school. The study showed that VSTM, assessed through nonword
repetition and digit recall and treated as a latent factor, was uniquely related to L1 and L2
vocabulary. VWM, assessed through counting recall and backward digit recall and also treated as

alatent factor, was a unique predictor of grammar in children’s L1, L2, and L3. So, in none of
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children’s languages, there were effects of VSTM on grammar after vocabulary was controlled
or effects of VWM on vocabulary, after grammar was controlled. However, as the children in
this study learned their L2 and L3 through explicit, rule-based instruction, this study |eaves open
how VSTM and VWM arerelated to L2 language learning in naturalistic situations.

A few questions remain from these previous studies. First, how do VSTM and VWM
relate to vocabulary and grammar in L2 children who acquire their L2 in a naturalistic setting
rather than in an L2 classroom? One possibility is that naturalistic L2 learners rely more on
phonological storage, also in grammar learning, than classroom learners. More specifically, such
learners may — in the absence of intensive instruction involving metalinguistic L2 knowledge—
mainly acquire the L2 by storing chunked stretches of speech in VSTM that they analyze only
later on, with increasing L2 proficiency. Similar ideas have been advanced by Speidel (1989,
1993) and Speidel and Herreshoff (1989) aswell as in connectionist accounts of L2 learning
(Ellis & Sinclair, 1996; Martin & Ellis, 2012). Speidel (1989; 1993), for example, argued that L2
learners store grammatical constructionsin VSTM, in the same way that they store words. In so
doing, they build a “store house™ of constructions in long-term memory from which they can
extract patterns to support their spontaneous L 2 speech. Indeed, Verhagen et a. (2015) found
that VSTM was a significant predictor of L2 grammar (independent of L2 vocabulary) in
naturalistic child L2 learners of Dutch. Asfor VWM, previous studies have only looked at L2
classroom children and there is some tentative evidence from adults that VWM isrelated to
artificial grammar learning in explicit learning but not in implicit learning (Tagarelli et a.,
2011), so it isan open question if VWM isrelated to L2 grammar in naturalistic L2 learners.

A second question that remains from earlier work is whether rel ationships between

VSTM and VWM on the one hand, and vocabulary and grammar on the other, are the same for
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L2 children and their monolingual peers. None of the previous studies included a monolingual
comparison group so, it is as yet unclear whether the two components of verbal memory relate to
vocabulary and grammar in the sameway in L1 and L2 children. An L1-L2 comparison would
enable usto seeif L1 acquisition is less affected by memory processes than L2 acquisition, as
assumed in mentalist approaches holding that L1 |earners use innate principles, whereas L2
learners use general problem-solving and processing principles (Bley-Vroman, 1990).

Finally, a question that has hitherto not received much attention is how VSTM and VWM
relate to the acquisition of grammatical sub-skills. As outlined above, McDonald (2008) found a
relationship between VWM and L1 children’s ability to judge grammaticality of constructions
for which information across constituents had to be checked for consistency (e.g., verb
morphology), but not for other types of constructions. Addressing which domains of L1 and L2
grammar are susceptible to individual differencesin verbal memory skill isimportant, as it may
shed more light on why verbal memory isrelated to grammar learning.

This Study

In this study, we investigate how VSTM and VWM relate to the acquisition of
vocabulary and grammar in five-year-old L1 and L2 children. An advantage of studying children
at this relatively young age as compared to earlier studiesis that monolingual children could be
included as a comparison group. Monolingual five-year-olds are still in the process of acquiring
relatively basic vocabulary and grammar and thus do not perform at ceiling on vocabulary and
grammar tests.

The current L1 children came from monolingual Dutch families in the Netherlands. The
L2 children came from Turkish immigrant families in the Netherlands in which Turkish was the

main language of communication. While the L2 children had been exposed to the mgjority
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language Dutch from birth through television, contacts outside the home and siblings, systematic
exposure to Dutch only started at the age of three or four when children entered preschools or
kindergarten. At that age, they were immersed in a Dutch-speaking (pre-)school environment
where they did not receive explicit instruction in Dutch, but learned the language naturalisticaly,
through every-day communication with their teachers and peers.

The L1 and L2 children were given a number of VSTM and VWM tasks as well as

vocabulary and grammar assessments. The following research questions guided our study:

1. How doVSTM and VWM relate to the acquisition of vocabulary and grammar in
naturalistic Turkish child L2 learners of Dutch?

2. Do relationships between VSTM and VWM on the one hand, and vocabul ary and
grammar on the other, differ between these L2 children and L1 Dutch children?

3. Do réelationships between VSTM or VWM and grammar in the two groups vary

depending on the grammatical sub-skillsinvestigated (i.e., morphology or syntax)?

Asfor the first question, we predict that VSTM isrelated to L2 vocabulary aswell as L2
grammar, based on the assumption described above that naturalistic learners store words and
grammatical constructionsin VSTM, to support language learning (Ellis & Sinclair, 1996;
Speidel, 1989). Regarding VWM, we do not expect a relationship with L2 vocabulary, as such a
relationship was not found in earlier studies and there is no reason why differences in processing
skill would berelated to L2 vocabulary. It is an open question if VWM isrelated to L2 grammar.
Previous work finding such arelationship only looked at L2 classroom children (Engel de Abreu

& Gathercole, 2012; Kormos & Safér, 2008) and there is some evidence from adults that VWM
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isinvolved in explicit grammar learning but not implicit learning (Tagarelli et a., 2011).
However, as VWM isinvolved in the acquisition of at |east some grammatical constructionsin
L1 (McDonald, 2008), which involves implicit learning, VWM may also be involved in
naturalistic L2 grammar learning.

Asfor the second question, we expect that the same relationships between VSTM and
VWM on the one hand, and vocabulary and grammar on the other, will be found in L1 children.
Like naturalistic L2 children, L1 children learn words and grammar through implicit processes,
SO we expect that the same memory processes will be involved in both learner groups.

Finally, regarding our third question, we predict that VWM isrelated to the acquisition of
grammatical constructions that require linguistic information to be checked across sentence parts,
but not or less strongly related to other types of grammatical constructions, based on McDonald
(2008). Specifically, in our study, we expect the strongest relations for the acquisition of syntax
and either no or weaker relations for plural noun morphology and past participles. No differences
are expected between the groups.

To investigate these questions, we applied a latent factor approach (see al'so Engel de
Abreu & Gathercole, 2012). That is, we used multiple tasks for assessing VSTM and VWM, and
constructed latent factors for both memory components. The advantage of this approach isthat it
allowed us to confirm whether these factors, as measured through our tasks, constituted two
different constructsin the L1 and L2 children. Another advantage of adopting a latent structure
approach rather than looking at true task scoresisthat it reduces the variance in scores due to
task properties. As aresult, any relationship found between alatent factor representing, for

example, VSTM, and another variable (e.g., vocabulary) is more likely to represent a true

10
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relationship between this underlying construct and the variable than arelationship that can be
explained by specific task characteristics.

Method
Participants

Participants were 63 Turkish L2 learners of Dutch with a mean age of 63 months (SD =
2.5, range = 59 — 75, 59% boys) and 45 L1 learners of Dutch with a mean age of 62 months (SD
= 2, range = 58 — 66, 69% boys). These children constituted a subset of the participants studied
in Messer et a. (2010). Children were excluded from the larger sample in Messer et d. if their
parents reported the use of other languages than Dutch (L1 group) or if Turkish was not the main
language they spoke (i.e., >= 75% of the timein everyday communicative situations at home) to
their children (L2 group). These criteria were applied to make sure that children clearly fell
within one of the two groups. Detailed information about parents’ language use was obtained
through questionnaires that were administered in oral interviews with children’s primary
caregivers (Messer et al., 2010). These interviews were conducted by research assistants who
were fluent in both Dutch and Turkish.

Family SES was computed on the basis of parents’ highest completed level of education
aswell as ameasure of their job status. More precisely, parents’ highest completed level of
education was coded as ranging from 1 (no education) to 7 (university degree) and the status of
their jobs on the Dutch national job index list was coded on a scale from 1 (unemployed) to 6
(academic job level). Subsequently, SES was computed as the mean of parents’ level of
education and job. This yielded a mean value of 4.12 for the L1 children (SD = 1.19, range=2—

6) and a mean value of 2.38 for the L2 children (SD = 1.05, range = 0— 4.50). Since this

11
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difference was significant (F(1,92) = 59.46, p <. 001, n?, = .40), SES was included as a covariate
in the analyses.

Data were collected in three waves when children were four, five and six years old (for
more details, see Messer 2010). For the current study, however, only datafrom wave two were
taken when children were five years old. Data from the first wave were not included because no
grammar assessment was included at this age and one of the VWM tasks appeared to be too
difficult. Datafrom the last wave were not analyzed either, due to a celling effect on the
vocabulary and one of the grammar testsin the L1 group at this age. Informed consent was
obtained from the parents of all participating children.

Measures

Verbal memory. The verba memory measures used were taken from the Automated
Working Memory Assessment (AWMA; Alloway, 2007) and translated into Dutch (cf. Messer,
2010). The AWMA is a computerized test battery for assessing visuospatial and verbal short-
term and working memory in children between ages four and eleven. The verbal memory tasksin
this battery measure VSTM with simple span tasks that assess the storage of information, and
VWM with complex span tasks that assess the simultaneous storage and processing of
information. For the current study, three simple span tasks and two complex span tasks from the
AWMA were taken. For all tasks, the original procedures of the AWMA were followed for
instruction and scoring. Psychometric quality of the AWMA assessments is satisfactory to good
(Alloway, 2007; see adso Automated Working Memory Assessment (AWMA) — Reliability and
Validity, 2014).

VSTM. In the Word recall task, children were presented with sequences of highly

frequent words of increasing length and asked to repeat these sequences in the correct order.

12
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Items had been pre-recorded by afemale native speaker of Dutch. The task started with a block
of one item and built up to ablock of seven itemsin arow. Each block contained six trials that
were scored as correct when all items were repeated in the correct order. When the first four
trials within ablock were recalled correctly, the child automatically received a score of 6 and
proceeded to the next block. Testing stopped after three incorrect recalls within one block. The
maximum score was 42. In the Dutch-like nonword recall task, children repeated monosyllabic
Dutch-like nonwordsin lists of increasing length, starting with a block of one nonword and
building up to ablock of five nonwordsin arow. The nonwords used in thistask were novel
words containing highly frequent phoneme combinations in Dutch and thus were similar to
Dutch words (see Messer et a., 2010 for more details about the items in this task). The nonwords
had been pre-recorded by the same female speaker used for the itemsin the word recall task. As
in the word recall task, each block consisted of six trials. A trial was awarded a score of 1 when
none of the nonwords were omitted, when the sequence of nonwords was correct, and when each
nonword was recalled correctly. Each phoneme of anonword needed to be recalled correctly for
apositive score, with the exception of consistently substituted phonemes resulting from
articulation problems. With atotal of six trials per block, the maximum score per block was 6.
When thefirst four trials within a block were recalled correctly, the child automatically received
ascore of 6 and proceeded to the next block. Testing stopped after three incorrect trials within
one block. The maximum score was 30. Finally, the Dutch-unlike nonword recall task was
exactly the same as the Dutch-like nonword task, except that nonwords were used that contained
phoneme combinations that are infrequent in Dutch (for more details, see Messer et al., 2010;

Messer et al., 2015).

13
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VWM. In the Backward digit recall task, children were presented with sequences of
spoken digits and asked to recall these sequencesin reverse order. Trials began with two digits,
and increased by one digit in each block. Trials were scored as correct if children recalled all
digitsin backward order. Asin the other AWMA tests, testing stopped when children recalled
only three correct trials of ablock, and proceeded to the next block if they recalled four trialsin
correctly. Scores were calculated as the number of correct trials for each child. In the Listening
recall task, children were presented with a series of spoken sentences. Their task was twofold:
(1) verify the sentence by saying ‘true’ or ‘false’ and (2) recall the first word of each sentencein
the correct sequence.” Test trials began with one sentence, and proceeded with additional
sentences in each block until the child was unable to recall three correct trialsin ablock. Trias
were scored as correct if children recalled all words in the sentences. Testing stopped when
children recalled only three correct trialsin a block, and continued to the next block if they
recalled four trials correctly, asin the other AWMA tests. Scores were calculated as the number
of correct trials for each child.

Grammar. The Dutch standardized language test Taaltoets alle kinderen (TAK)
(Language test for al children, Verhoeven & Vermeer, 2002) was used to assess children’s
grammar skills. Thistest has been designed and normed for L1 and L2 children in the
Netherlands and consists of various sub-tests. For the current study, three sub-tests were selected,

two at the morphological level and one at the sentence level. Instruction and scoring procedures

1 Usually, in this type of working memory task, participants are asked to recall the last word of each sentence rather
than the first word of each sentence. However, in the current project, the L2 children performed the listening recall
task twice, once in Dutch and once in Turkish. In Turkish, verbs are inflected for person, number and tense, and they
appear at the sentence end. In order to avoid asking children to repeat the verb and al itsinflectionsin the Turkish
version of the task, and have comparable procedures in both languages, children were asked to recall the first word
of each sentence in both language versions of the task.

14
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of the original test were applied for al sub-tests. The TAK has excellent reliability and good
validity (Verhoeven & Vermeer, 2006).

Noun plurals. The plural noun morphology sub-test of the TAK assessed children’s
production of plura nouns. In thistest, children were presented with pictures of objects and a
prompt sentence from the experimenter. To elicit noun plurals, prompt sentences of the
following type were used: Dat iseen X, dat zjntwee ... ‘Thisisan X, these are two...’
Children’s production of three different plural forms was assessed: forms ending in the suffix ‘—
en’ without avowel change in in the stem (stoel-stoelen ‘chair-chairs’), forms ending in the
suffix ‘=s” (viinder-viinders “butterfly-butterflies’), and forms ending in ‘—en’ that undergo a
vowel change (dak-daken [dAk-dake] ‘roof-roofs’). There were four items of each type,
resulting in atotal of twelve items. Children’s scores were computed as the total number of
correct responses for each child.

Past participles. The past participle sub-test of the TAK elicited children’s use of past
participle forms. Children were presented with a picture and a prompt sentence like Rosita is een
bal aan het gooien. Gisteren heeft zij ook al een bal ... ‘Rosita is throwing a ball. Y esterday she
has also ... a ball’. Thetask elicited three types of past participles: regular formstaking the
circumfix ‘ge—" and ‘—t” (koken-gekookt ‘cook-cooked’), irregular forms with avowel changein
the stem (vliegen-geviogen “fly-fled’), and irregular forms with both a vowel and consonant
change (brengen-gebracht ‘bring-brought’). There were three items of each type, resulting in
twelve itemsin total. Children’s scores were computed as the total number of correct responses
for each child.

Sentence production. In the sentence production sub-test, the experimenter read out a

complex sentence to the child and then asked the child to repeat this sentence as accurately as

15
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possible. While such sentence repetition tasks have also been used to assess children’s VSTM
(see Discussion), the current test is assumed to provide a measure of children’s grammatical
proficiency.  In particular, it assesses children’s knowledge of function words (e.g., connectives)
and syntactic structures (e.g., subject-verb inversion). Children’s scores were computed as the
total number of targeted function words and syntactic patterns that were repeated correctly by the
child. Changes or omissions other than those involving the targeted structures were not taken
into account in computing children’s scores. Specifically, for each item, children received zero
points if both the function word and syntactic pattern were incorrect, one point if either the
function word or the sentence pattern was repeated correctly, and two pointsif both the function
word and the sentence structure were repeated correctly. The task contained 20 items, so the
maximum score was 40.

Vocabulary. Dutch receptive vocabulary was assessed through the Diagnostische Toets
Tweetaligheid (Test for Bilingual Development, Verhoeven, Narrain, Extra, Konak, & Zerrouk,
1995) that was specifically developed for research with bilingual immigrant children in the
Netherlands. In thistest, children choose one out of four picture drawings after an oraly
presented word. To minimize fatigue and reduce testing time, the test was split in two parts, one
part containing the odd items and the other half containing the even items (the correlation
between the two partswasr = .71 in asample of 162 children, cf. Scheele et a., 2010). The test
contained 30 items and was supplemented with fifteen items from a vocabulary test of the TAK,
in order to avoid ceiling effects, as the TAK vocabulary test is applicable to a broader age range

than the Diagnostische Toets Tweetaligheid.

2 Based on a detailed investigation of the psychometric quality of the TAK, Verhoeven and Vermeer (2006) report
good convergent validity for the sentence production task, asindicated by positive, significant, moderate to strong
correlations with tasks assessing grammeatical ability, narrative skills and spontaneous speech in both L1 and L2
children (rs between .38 and .75).

16



0w JO0O Ul wWwNhR

Running head: VERBAL MEMORY IN L1 AND L2 LEARNERS

Procedure

Children were assessed individually by trained research assistants in a quiet room at their
schools. Test sessions took place on two separate days that were on average one week apart.
Both sessions lasted for approximately 75 minutes, including play breaks and tasks that were part
of another study. The nonword recall tasks were videotaped for scoring purposes. The tasks were
administered in afixed order to vary task demands across successive tasks and minimize fatigue.
The order of the tasks reported in the current study was as follows. Dutch vocabulary, Dutch-like
nonword recall, listening recall, word recall (Day 1); TAK noun plurals, TAK past participles,
TAK sentence production, backward digit recall, Dutch-unlike nonword recall (Day 2). To keep
children motivated, they were given a sticker after each task.
Analyses

First of all, children’s scores were inspected for outliers, normality, and missing data. For
all tasks, there were no outliers greater than three standard deviations below or above the mean
and standardized measures for skewness and kurtosis did not exceed the value of .3 in both
groups, with the exception of listening recall task in the Turkish group on which many children
obtained low scores (skewness: 2.2, kurtosis: 9.3). In the L1 group, two children did not
complete the nonword recall tasks and one child did not complete the grammar sub-tests of the
TAK.

Asafirst step, we tested for differences between the groups with a MANOVA in which
‘group’ was the between-subjects factor and children’s task scores were the dependent variables.
After an effect of group was found, we ran separate ANOVA’s on the various task scores. We

also calculated all zero-order (Pearson) correlations among the tasks for the two groups

separately.
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As a second step, to see whether VSTM and VWM could be considered separate
constructs in the current sample of L1 and L2 children, we investigated the factor structure of
verbal working memory using confirmatory factor analysis (CFA) in Mplus (Version 7.11,
Muthén & Muthén, 1998-2010). Specificaly, we tested a two-factor model in which the simple
gpan tasks loaded on one factor (VSTM) and the complex span tasks |oaded on a second factor
(VWM). Full maximum likelihood estimation was used to deal with missing data (Enders, 2010),
so al available information was fully used, including data from participants with missing data. In
our CFA analysis, we tested a multi-group model in which all factor loadings and intercepts were
constrained to be equal inthe L1 and L2 groups, to test for measurement invariance. Full
measurement invariance indicates that the same structural model can be applied to both groups
and direct comparisons between groups can be made. Model fit was evaluated through various fit
indices. As a rule of thumb, model fit is considered good if y? is not significant, RMSEA 1is
below .08, and CFl and TLI are above .90 (Kline, 2005).

Subsequently, we used structural equation modeling (SEM) to investigate the
relationships between the two latent memory factors on the one hand, and vocabulary and
grammar on the other hand, in the two groups separately. The measurement model of VSTM and
VWM obtained through the CFA-analysis above was used in this model to predict children’s
scores on grammar and vocabulary. For grammar, mean scores were computed on the basis of
the three sub-tests of the TAK. SES was included as a covariate in the model, because this factor
differed significantly between the two groups and was significantly correl ated with some of the
memory and language scores. Asin the previous analyses, we used full maximum likelihood
estimation in Mplus. All factor loadings and intercepts were constrained to be equal across

groups, to investigate whether there was measurement invariance between groups. Subsequently,
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this constrained model was compared through a chi-square difference test against amodel in
which all regression estimates were freely estimated. As thistest was not significant, we opted
for the former, more parsimonious model, in which all regression estimates were constrained and
direct comparisons between the two groups could be made.

Finally, we fitted a multi-group SEM modél to investigate whether the two latent memory
factors predicted children’s scores on the grammar sub-tests. Specifically, we investigated
whether VSTM and VWM differentially predicted children’s on the morphology and sentence
production sub-tests. For morphology, mean scores on the noun plurals and past participles sub-
tests were taken. Dutch vocabulary and SES were entered as covariates in the model, since both
factors were significantly related to some of the variables of interest. Again, we compared two
nested models. In our first model, all factor loadings and intercepts were constrained to equality
in both groups, while in the second model these were freely estimated. Again, the models did not
differ on a chi-square difference test, so the former, more constrained model that allowed for
direct comparisons between the two groups was chosen.

For all models, we tested whether bootstrapping would yield different results.
Bootstrapping allows comparison of parametric values over repeated samples that have been
drawn from the original sample (Byrne, 2001), and can be used if data are from asmall sample
or non-normally distributed. In the present analyses, bootstrapping with 1000 iterations did not
yield different results (i.e., same confidence intervals and p-values), so the models without
bootstrapping are reported.

Results

Descriptive Statistics and Correlations
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Table 1 presents mean scores and standard deviations on all tasksfor the L1 and L2

children separately.

[Insert Table 1 about here]

A MANOVA with group as the between-subjects factor, SES as a covariate, and all task
scores as dependent variables showed a strong effect of group, F(9,91) = 15.76, p < .001, n?, =
.61. SES was asignificant covariate in thisanalysis, F(9,91) = 3.33, p = .001, n?, = .25.
Subsequent ANOV As with group as the between-subjects factor and SES as a covariate showed
no effects of group for the verbal memory measures (all ps> .1), but clear effects for the
language measures. Specifically, the L1 children scored significantly higher than the L2 children
on the two morphology sub-tests, F(1,105) = 36.37 p < .001, n?, = .28 for noun plurals and
F(1,105) = 41.68, p <.001, n?, = .29 for past participles, as well as on the sentence sub-test,
F(1,105) = 25.57, p <.001, n?, = .20. They also performed significantly better on the Dutch
receptive vocabulary task than the L2 children, F(1,106) = 30.16, p < .001, n?, = .23.

Zero-order Pearson correlations between all measures are presented in Table 2 for the
two groups separately. This table also shows correlations with age and SES. The only significant
correlation found for age involved listening recall scoresin the L1 group. SES correlated
moderately and significantly with most of the verbal memory, grammar, and vocabulary
measures in the L1 group, but not in the L2 group, where it only correlated significantly with
listening recall.

For the variables of interest, there were moderate and significant correl ations between

most of the memory and the grammar measures for both groups. Vocabulary correl ated
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significantly with almost all variablesin the L1 group, but not in the L2 group where significant
correlations were only found with SES, word recall, listening recall, and sentence production.
Overdl, correlations between tasks that are supposed to measure the same construct (i.e., VSTM
or VWM) tended to be higher than correlations between tasks that are assumed to measure

different constructs.

[Insert Table 2 about here]

Confirmatory Factor Analysis

Results of our CFA in which the simple span tasks and complex span tasks were |loaded
on two factors (representing VSTM and VWM) showed that a multi-group, two-factor model
fitted the datawell, > = 16.19, p > .1, RMSEA = .05, CFI/TLI =.97/.96. Full measurement
invariance was found, indicating that the same measurement model could be used for both
groups, with factor loadings and intercepts constrained to equality in the two groups. Figure 1
displays the model. It must be noted that, in this model, only standardized factor loadings are
presented. These loadings differ between the groups, presumably due to differencesin error
variances of the observed variables between the groups. Unstandardized factor loadings that

were constrained to be equal between the two groups are not presented.

[Insert Figure 1 about here]

This model shows, first, that al tasks loaded significantly on the two latent factors and

second, that there was a significant correlation between the latent factors in both groups. But this
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correlation was higher in the L1 group than in the L2 group. To test whether this difference was
significant, a multi-group model was run which was the same, except that the correlation
between the two latent memory factors in the two groups was constrained to equality (rather than
freely estimated as in the previous model). This new model fitted the data less well than the
previous model, x> = 21.90, p> .1, RMSEA =.09, CFI/TLI =.92/.89, as evidenced by a higher
AlC-value (2373.4 vs. 2369.7), indicating that the difference between the correlationsin the two
groups was significant.
Relationships between Verbal Memory and Vocabulary and Grammar

A multi-group model predicting children’s grammar and vocabulary scores from the
latent VSTM and VWM factors with SES as a covariate was fitted to the data. The model,
depicted in Figure 2, fitted the datawell, 4> = 40.95, p > .1, RMSEA = .05, CFI/TLI = .98/.96. As
above, only standardized factor loadings are presented; unstandardized loadings that were

constrained to equality between the two groups are not presented.

[Insert Figure 2 about here]

This model shows that, in both groups, VSTM was a significant predictor of both
vocabulary and grammar, whereas VWM was a significant predictor of grammar only. It also
shows that SES was significantly related to both memory componentsin the L1 group. Inthe L2
group, SES was only related to VWM and even showed a negative rel ationship with grammar.
Finally, the model shows that vocabulary and grammar were not significantly correlated in either

of the two groups.
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Taken together, these results show very similar predictive relationships between VSTM
and VWM, on the one hand, and vocabulary and grammar, on the other hand, in the two groups.
While regression coefficients seem to differ across groups with higher coefficients for
vocabulary in the L1 group and higher coefficients for grammar in the L2 group, these
differences are only apparent (and due to differencesin scale variances), because coefficientsin
the two groups were constrained to be equal in the model.

Relationships between Verbal Memory and Grammar Sub-Skills

Finally, amulti-group model was fitted in which we distinguished between morphology
and syntactic sub-skills. Specifically, in this model we predicted word-level and sentence-level
grammar from the two latent memory factors, after controlling for vocabulary and SES. The
model, depicted in Figure 3 below, showed excellent data fit, > = 42.80, p > .1, RMSEA = .02,

CFI/TLI = 1.00/.99. As earlier, only standardized factor loadings are given.

[Insert Figure 3 about here]

These results show that relationships with VWM were again very similar for the L1 and
L2 children. In both groups, VSTM and VWM were significant predictors of both word-level
and sentence-level grammar scores, after controlling for vocabulary and SES. The strengths of
these relationships did not differ between groups, just asin the previous analysis, given that all
coefficients were constrained to be equal in the two groups.
Discussion
The current study examined how VSTM and VWM were related to language learning in

naturalistic Turkish L2 learners of Dutch and Dutch L1 children. Three questions were
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addressed: (i) How do VSTM and VWM relate to the acquisition of vocabulary and grammar in
naturalistic child L2 learners? (ii) Do relationships with VSTM and VWM differ between L2 and
L1 children?, and (iii) Do relationships between the two memory components and grammar
differ depending on the type of grammatical sub-skill investigated? Earlier studieson L2
classroom children showed a division of labor such that VSTM was related to L2 vocabulary,
while VWM was related to L2 grammar. However, no previous studies have directly compared
L1 and L2 children or looked at L2 children who learned their L2 without explicit instruction. In
this study, we investigated whether language learning under these more implicit learning
conditions would show different involvements of VSTM and VWM than found in earlier studies
on L2 children learning their L2 through explicit instruction.

A confirmatory factor analysis first showed that the same latent memory constructs could
be observed in both learner groups, with full measurement invariance across groups. Thisis
important as it showed that the memory tasks used measured the same two latent constructsin
the L1 and L2 children. The correlation between the two memory components was much
stronger in the L1 group than in the L2 group, however. One possible explanation of this
differenceisthat the L2 children’s lower linguistic proficiency in Dutch, the language used in the
memory tasks, introduced additional variance in these children’s task scores that did not reflect
mere memory capacity, but also linguistic knowledge (Messer et al., 2015). Future research
could explore whether other results are obtained when L2 children are tested in their dominant
language or whether correlations between VSTM and VWM in L2 children become stronger
with increasing L2 proficiency.

Asfor our first question, we found that, in the L2 children, VSTM significantly predicted

both vocabulary and grammar, whereas VWM significantly predicted grammar, but not
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vocabulary. The finding that VSTM was related to L2 vocabulary while VWM was important for
L2 grammar isin line with results of earlier studies on L2 classroom children (Cheung, 1996;
Engel de Abreu & Gathercole, 2012; Kormos & Safar, 2008; Masoura & Gathercole, 2005;
Specide, Ellis, & Bywater, 2004). However, our finding that VSTM isimportant for L2
grammar is more controversial. Although this supports earlier findings for the same sample a an
earlier age using less controlled measures of grammar (Verhagen et a., 2015) aswell as findings
from L2 classroom children (French & O’Brien, 2008), it does not support the findings by Engel
de Abreu and Gathercole (2012), who found that VSTM predicted vocabulary but not grammar
in multilingual children. There are two possible explanations for these contradictory results
across studies. First, the discrepancy might be due to the type of L2 learners studied. As
hypothesized in this study, naturalistic L2 learners might rely more strongly on phonological
storage of syntactic and morphological patterns than instructed L2 learners who might analyze
the incoming input on the basis of L2 metalinguistic knowledge and subsequently store smaller
chunks of L2 speech, for which well-developed VSTM skills are less needed. However, this
cannot explain why French and O’Brien (2008) found a significant association between VSTM
and grammar in L2 classroom learners. A second, alternative explanation, then, isthat mixed
findings across studies are due to the grammar tests used. While both the current study and
French and O’Brien (2008) used relatively ‘pure’ tests of grammar, other studies used tests
assessing a mixture of vocabulary and grammar (French, 2006; Service, 1992; Service &
Kohonen, 1995). In the latter case, the lack of direct effects of VSTM on L2 grammar (i.e.,
independent of L2 vocabulary) may be due to the fact that the grammar tests used also drew on

children’s vocabulary knowledge. The idea of the current grammar task as arelatively pure
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measure of grammar receives support from our result that no significant correlation was found
between vocabulary and grammar in either group.

Asfor our second question, we found strikingly similar resultsfor the L1 and L2
children. Specifically, we found that individual differencesin vocabulary and grammar were
correlated with the same memory processesin the L1 and L2 learners, and that relationships
were equally strong in the two groups. The result that individual differencesin the L1 group
were correlated with differencesin VSTM and VWM runs counter theideathat L1 acquisitionis
mainly been based on innate principles, such as Universal Grammar, and in this sense, differs
from L2 acquisition, as has been claimed in mentalist approaches to language acquisition.

Thefinding that VSTM and VWM affect L1 and L2 learning similarly may also have
implications for L2 children with poor verbal memory skills. In such children, acumulative
effect of verbal memory might be found such that children’s L2 proficiency is directly affected
by poor verbal memory, and indirectly, through reduced L1 knowledge. Thisreduced L1
knowledge could, itself, also be the result of poor verbal memory skills, and would allow for less
positive transfer from the L1 to the L2. Future research is needed to further investigate how L2
children with poor verbal memory skills could be at risk for L2 language delays. Future studies
could also address whether the current finding of similar relationshipsfor L1 and L2 children can
be generalized to older L2 children, who might apply more analytical, metalinguistic strategies in
language learning, and therefore show a stronger reliance on VWM as compared to monolingual
children.

With respect to our final question, we found that both VSTM and VWM significantly
predicted two different types of grammar skill: knowledge of noun plurals and past participles

(word-level grammar) and knowledge of function words and syntactic structures (sentence-level
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grammar). Again, relationships were very similar for the L1 and L2 children. Contrary to what
we had predicted based on work on monolingual children (McDonald, 2008), no differencesin
the strengths of the relationships were found such that, for example, VWM would be more
important for sentence-level grammar than for word-level grammar. Perhaps the fact that noun
plurals and past participles also involve information checking — for congruency in number and
the dependency between the auxiliary and past participle respectively, might explain why effects
were equally strong for both types of structures.

Taken together, the results of this study support earlier studies comparing effects of
VSTM and VWM in the same sample, as they show that both components of verbal memory are
significantly related to individual differencesin vocabulary and grammar learning (Engel de
Abreu & Gathercole, 2012; Kormos & Séfér, 2008). However, in our study, aless strict division
of labor was found between both components than in earlier work (Engel de Abreu &
Gathercole, 2012), as VSTM was associated with vocabulary and grammar, and VWM was
associated with grammar. The finding that VSTM was correlated with learning both words and
grammar supports earlier theories assuming that well-developed VSTM skills enable children to
store long-term representations of sounds and grammatical templates that help them to acquire
new words and grammar (Speidel, 1989; 1993; Adams & Gathercole, 1996; 2000). The finding
that VWM was correlated with grammar suggests that children with strong executive processing
skills have an advantage in learning new grammatical structures, both at the sentence-level and
word-level. Previous work on L2 adults has suggested that effects of VWM may be restricted to
grammatical success under explicit learning rather than implicit learning conditions (Tagarelli et
al., 2011). However, the current results indicate that VWM is also related to acquiring grammar

in situations of implicit learning, at least in L1 and L2 children of arelatively young age.
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The study has afew limitations. First and foremost, only concurrent measures were used
in acorrelational design, so we cannot draw firm conclusions about the causality of the effects.
Second, our sentence-level sub-test was a sentence repetition task in which children had to repeat
sentences produced by the experimenter. This type of task has also been used as a measure of
VSTM (Willis & Gathercole, 2001), casting doubt on its validity as a measure of grammatical
proficiency. While we cannot rule out that the observed correl ation between this task and the
VSTM construct was at least partially due to the sentence repetition test assessing VSTM, we do
not think that this can fully explain the relationships found. First, scoring in the task was
specifically focused on the use of target structures. Other omissions, additions and changes made
to the stimuli were not taken into account, following the standard administration of the task.
Second, all sentences were constructed in such away that they were assumed to be too long to be
retained in VSTM, making it unlikely that for some children, storing the whole sentence was
possible. Finaly, a detailed investigation of the convergent validity of thistask has shown that it
correlates moderately to strongly with assessments of grammar, narrative skill, and spontaneous
speech in four-to-six-year old L1 and L2 children in the Netherlands, suggesting that the task
does not assess mere VSTM skill (Verhoeven & Vermeer, 2006, see aso footnote 2).

A third limitation of the present study is that sample size was rather low. For CFA and
SEM analyses, bigger groups of participants are usually recommended. The fact that there was
little missing data and that distributions were not very much skewed allowed us to run multi-
group models on the basis of rather small samples and still find good model fit. Importantly,
moreover, as there was full measurement equival ence between the two groups in al the models,
the final models were based on the whole group of participants rather than the two sub-groups,

increasing power in the analyses.

28



0w JO0O Ul wWwNhR

Running head: VERBAL MEMORY IN L1 AND L2 LEARNERS

Despiteits limitations, we think the current study shows that both components of working
memory constitute an important source of individual differencesin L1 and L2 acquisition.
Taking alatent factor approach, this study is the first to show that the two components of verbal
memory are differentially related to individual differencesin vocabulary and grammar in the
sameway in L1 and L2 children. As such, it suggeststhat L1 and L2 acquisition do not involve
fundamentally different processes, at least not when it comes to young L2 children who learn

their L2 in anaturalistic setting.
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*Highlights (for review)

Highlights

e Weinvestigate relationships between verba working memory and vocabul ary/grammar

e We comparefirst language (L1) and second language (L2) learning children

e Weuse structural equation modeling, treating phonological and working memory as
latent factors

e Results: phonological memory predicts vocabulary and grammar, while working memory
predicts grammar only

e Theserelationships hold for both groups, and after controlling for SES
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Figure 2. Multi-group model predicting vocabulary and grammar from the latent VSTM and
VWM factors. Non-significant coefficients (p > .05) are presented as dotted lines. * p < .05, ** p

< .01, *** p< .001.
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Figure 2. Multi-group model predicting word- and sentence-level grammar from the latent
memory factors. Non-significant coefficients (p > .05) are presented as dotted lines.* p <.05, **

p<.01, *** p<.001.



Table

Table 1.

Descriptive Statistics for All Tasks

L1 Children L2 Children

M SD Range N M SD  Range N
Verbal memory:. Smple span
Word recall 16.62 4.08 8-27 45 14.79 3.37 6-23 63
Dutch-like nonword recall 4.69 2.02 0-9 45 4.23 157 1-9 61
Dutch-unlike nonword recall 2.16 1.33 0-6 45 2.28 1.16 0-5 61
Verbal memory: Complex span
Backward digit recall 3.64 3.01 0-10 45 3.13 254 0-9 63
Listening recall 4.98 3.29 0-12 45 4.38 2.80 0-13 63
Grammar
TAK plural 7.60 1.947 0-11 45 3.23 2.88 0-9 62
TAK past participles 6.67 3.261 1-12 45 181 1.74 0-7 62
TAK sentence production 1200 4.452 3-19 45 5.68 3.25 0-13 62
Vocabulary
Dutch vocabulary 24.70 375 17-30 45 17.42 3.98 10-25 63




Table 2.

Bivariate Correlations among All Variables for the L1 and L2 Children

1 2 3 4 5 6 7 8 9 10 11
Background variables
1. Age - Q6 12 -03 45 16 49 18 .06 .02 .19
2. SES -11 - 32 28 19 45 40 18 37 41 49
Verbal memory
Smple span
3. Word recdll -11 .17 - 53 B2 54 45 25 45 49 46
4. Nonword recall (like) 12 17 .35 - 39 2 32 36 55 55 35
5. Nonword recall (unlike) -03 .06 .20 .41 - 31 29 4 41 39 46
Complex span
6. Backward digit recall 19 14 10 .08 .21 - 54 34 51 4 52
7. Listening recall 07 36 23 22 .06 .42 - 26 51 47 50
Grammar
8. TAK plurd -07r 06 36 .19 .14 32 4 - 45 46 .39
9. TAK past participles 03 04 41 40 .09 07 37 .33 - 67 52
10. TAK sentence prod. -15 15 49 30 17 32 50 39 42 - .38
Vocabulary
11. Dutch vocabulary -8 32 38 18 19 07 26 22 .18 33 -

Note. Correlation coefficients for the L1 children are presented in the upper triangle; coefficients for the L2 children

are presented in the lower triangle. Correlationsin bold-face are significant at p < .05.



