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M. J. H. Van Koert, N. L. Leona, J. E. Rispens, J. Tijms,
M. W. Van der Molen, V. H. P. van Daal and P. Snellings

The role of memory in the acquisition
of vocabulary and grammar in the first
language and in English as a foreign
language

Abstract: Previous studies showed that phonological short-term and working
memory spans are related to vocabulary and grammar learning in children
learning a second language. Typically, short-term storage, as measured by sim-
ple span tasks such as non-word repetition, are connected to vocabulary learn-
ing. Grammar learning is generally linked to the working memory system. This
system is often tested by complex span tasks that require participants to pro-
cess and store information simultaneously. Yet, few studies have investigated
the role of both memory mechanisms in native and foreign vocabulary and
grammar learning longitudinally. The current study determines whether phono-
logical short-term and verbal working memory spans contribute differentially
to the acquisition of vocabulary and grammar in Dutch as a first language (L1)
and in English as a foreign language (EFL). The participants for this study are
monolingual Dutch children (N = 138), in grades 4 and 5 (aged 9;0–11;0), learn-
ing EFL in the classroom. An L1 and an EFL non-word repetition task were used
to measure phonological short-term memory and verbal working memory was
measured with a backward digit span task. Receptive vocabulary and produc-
tion of grammatical knowledge was measured in Dutch and in English, as well
as receptive grammar in English. The data indicated that when the same chil-
dren are longitudinally followed in both L1 and EFL, only past performance is
important for L1 vocabulary learning. Phonological short-term memory does
not contribute to L1 vocabulary. As expected, working memory span signifi-
cantly predicts L1 grammar learning. For EFL vocabulary learning, past perfor-
mance is most important; L1 vocabulary has a smaller but independent role
and in line with previous research, phonological short-term memory also has
an independent role. For both receptive and productive EFL grammar learning,
contrary to expectations, working memory span did not play a role. In contrast,
EFL phonological short-term memory had a small but independent role for re-
ceptive grammar learning. EFL vocabulary had a similar role for receptive and
productive grammar, which was stronger than EFL phonological short-term
memory for receptive grammar. However, past performance had the largest role
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for both types of grammar learning. In sum, when looking at the initial stages
of EFL in a formal setting, we only found a role for working memory span in L1
grammar but not in EFL. Phonological short-term memory only had a role in
EFL vocabulary and receptive grammar learning, and was language specific. In
all, the current data show that in addition to phonological short-term memory,
past performance on vocabulary and grammar contributed significantly to vo-
cabulary and grammar learning and that the role of vocabulary and phonologi-
cal short-term memory and working memory span in grammar learning is
language specific.

Keywords: EFL, early second language acquisition, phonological processing,
vocabulary, grammar, working memory

1 Introduction

Verbal working memory can be divided into a domain specific short term stor-
age component, also known as the phonological loop, and a domain general
component that facilitates both processing and storing verbal information (Bad-
deley and Hitch 1974; Adams and Gathercole 2000). With regard to language
learning most research has focused on the phonological loop, and many studies
have also focused on the structure of working memory. The phonological loop
represents phonological short-term memory for verbal information and the cur-
rent study will determine its role in the development of vocabulary and gram-
mar in children. A number of studies have focused on the role of phonological
short-term memory in the L1 as a measure of the domain specific short term
storage component of verbal working memory. Either studying its effect on vo-
cabulary acquisition (Gathercole et al. 1992), on grammar (Boersma et al. 2018),
or on both L1 vocabulary and grammar (Adams and Gathercole 2000). Other
studies have focused on phonological short term memory in FL learning, either
the effects on vocabulary learning (Cheung 1996; Masoura and Gathercole
2005; Messer et al. 2010), on FL grammar (O’Brien et al. 2006), or on both (Ellis
and Sinclair 1996; Paradis 2011). Only few studies (Engel de Abreu and Gather-
cole 2012) focused on both phonological short-term memory and working mem-
ory span, the latter as a measure of the domain general component of verbal
working memory. Engel de Abreu and Gathercole (2012) studied only effects on
vocabulary, in both L1 and FL. Kormos and Sáfár (2008) studied effects on both
vocabulary and grammar, but only in the FL.

In general, working memory span is associated with grammatical proficiency
and phonological short-term memory is related to vocabulary knowledge.
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However, some studies have also found vocabulary knowledge to be related to
working memory span and grammatical proficiency to phonological short-term
memory (Archibald and Gathercole 2006; Ellis and Sinclair 1996; Kormos and
Sáfár 2008; Martin and Ellis 2012; O’Brien et al. 2006; Paradis 2011; Service
and Kohonen 1995). The present study aims to determine whether individual
differences in short-term memory and working memory span predict individual
differences one year later in both receptive vocabulary knowledge and gram-
matical proficiency in the first language (L1) and in the initial stages of English
as a foreign language (EFL).

1.1 Memory and vocabulary

There are many different ways to measure the span of the phonological loop stor-
age, as it can be quantified by means of serial recall of (non-)words, letters or
digits or by non-word repetition (NWR) (Archibald and Gathercole 2006; Crannell
and Parrish 1957). Although many studies lump together NWR with other verbal
short-term memory tasks (Archibald and Gathercole 2006; Engel de Abreu and
Gathercole 2012; Kormos and Sáfár 2008; Paradis 2011; Verhagen and Leseman
2016), there are also studies that argue that they are not identical (O’Brien et al.
2006; Rispens and Baker 2012; Rispens and de Bree 2017). Verbal short-term
memory represents phonological processing in the phonological loop. The longer
the verbal material is that needs to be retained, the more difficult it is, because
the memory traces fade so quickly in the phonological store. Besides, the articu-
latory rehearsal process is challenged by long verbal material (Baddeley 2003).
For example, adults can typically recall a list of seven digits but remembering
nine digits is already a more difficult task and retaining fifteen is highly unusual
(Crannell and Parrish 1957). Hence, digit span reflects the nature of verbal short-
term memory, namely temporary storage. NWR is apart from length of the non-
word also susceptible to other factors, such as phonotactic frequency, syllable
frequency and wordlikeness, i.e. how much does the non-word look like an exist-
ing word (Messer et al. 2010; O’Brien et al. 2006; Rispens and Baker 2012). In
fact, Rispens and Baker (2012) found that phonological short-term memory and
phonological representations contribute to NWR ability. Thus, there are long-
term memory effects that trickle through in NWR (but note that simple span
tasks like repetition of existing words are also influenced by long term memory
representations, arguably because of chunking, see Jones (2012)). Both digit re-
call and NWR have been found to be related to vocabulary knowledge (Archibald
and Gathercole 2006; Paradis 2011) but their separate contribution to vocabulary
knowledge and grammatical performance has – to our knowledge – not been
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assessed in a sample of young FL learners in an instructed foreign language
learning setting. NWR thus measures phonological short-term memory, but as it
also depends on phonological processes, it is better described as a task that
measures phonological processing, which involves short term memory, but also
more long term knowledge.

NWR can be administered in the L1 and/or in the FL. Studies on children
learning an FL have shown that they are better at repeating non-words in the
language they speak best, underlining the relationship between NWR and lan-
guage knowledge (Masoura and Gathercole 2005; Messer et al. 2010; Rispens
and de Bree 2017). Previous studies that administered NWR in L1 found signifi-
cant correlations between NWR and FL vocabulary knowledge (Engel de Abreu
and Gathercole 2012; Kormos and Sáfár 2008). Prior research that included an
NWR in the FL also found significant correlations between NWR and FL vocab-
ulary knowledge (Cheung 1996; Service and Kohonen 1995). Since NWR reflects
the storage of long-term phonological representations, it is likely that FL NWR
is more tightly related to FL vocabulary than L1 NWR. To our knowledge, only
one study, Masoura and Gathercole (2005), investigated the contributions of L1
NWR and FL NWR to FL vocabulary. In that study Greek children aged between
8;6 and 13;7 participated; they were learning English as an FL. The English vo-
cabulary tests consisted of translation assignments, whereby English words
had to be translated to Greek and vice versa. Although the focus of the study
was on the relative contribution of phonological memory for participants with a
large vocabulary and those with a small vocabulary, the correlations between
English NWR and the English vocabulary tests are somewhat stronger than
those between Greek NWR and English vocabulary tests. The current study
aims to compare the relative contributions of L1 and FL NWR to investigate
which of the two is a better predictor of FL vocabulary.

Several studies have found that the strength of the relationship between
NWR and vocabulary diminishes as the size of the lexicon increases (Cheung
1996; Gathercole et al. 1992; Rispens and Baker 2012). These findings imply that
phonological processing is central in the initial stages of vocabulary learning,
but when the lexicon reaches a certain threshold, new words seem to be learned
on the basis of existing long-term lexical knowledge rather than on the basis of
short-term phonological storage. For example, the correlations between L1 NWR
and L1 vocabulary knowledge were stronger at age 4 than at age 8 in Gathercole
et al.’s (1992) study. Second language acquisition studies found that FL NWR cor-
related more strongly in learners with low foreign language proficiency than in
those with high foreign language proficiency (Cheung 1996; Engel de Abreu and
Gathercole 2012; Kormos and Sáfár 2008). The goal of the present study is to in-
vestigate the relative contributions of L1 and FL NWR in L1 vocabulary and FL
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vocabulary. The group of interest are Dutch ten-year-old children learning En-
glish as a foreign language. Based on the literature, we expect that FL NWR will
contribute to FL vocabulary. However, the literature is less clear on whether L1
NWR also contributes to L1 vocabulary.

1.2 Memory and grammatical performance

Although NWR is typically related to vocabulary acquisition, some studies have
also found an influence of NWR on grammatical performance (Archibald and
Gathercole 2006; Ellis and Sinclair 1996; Kormos and Sáfár 2008; O’Brien et al.
2006; Paradis 2011; Service and Kohonen 1995). For instance, Service and Koho-
nen (1995) tested nine-year-old Finnish children by means of an English (as an
FL) NWR. Three years later the same children had to complete several tests
measuring their knowledge of English, including listening, reading, essay writ-
ing and vocabulary. The results showed that NWR was strongly correlated with
all of the English tests. Later studies found differences between beginning and
more advanced learners. For instance, Kormos and Sáfár (2008) tested Hungar-
ian 16-year-olds on their L1 NWR and working memory span skills and also ex-
amined their English (as an FL) grammatical performance. They found that
there was a difference between the beginning and the more advanced English
language learners: whereas the beginning learners showed no effect of NWR,
the more advanced learners did show a correlation between NWR and FL gram-
mar scores. The interpretation of this finding is somewhat complicated, as the
grammar scores came from a test which assessed lexical and grammatical
knowledge in an integrated manner (Kormos and Sáfár 2008: 268). Kormos and
Sáfár assumed that only the lexical retrieval skills differed between the more
advanced students and that their grammatical processing skills were similar;
this could then explain why an effect of NWR was found in their grammatical
performance, as it actually reflected their lexical skills. Another example is the
study by O’Brien et al. (2006) who argued that in the initial stages FL learners
tend to focus on content words whilst skipping function words. They stated
that meaning is more important for beginning FL learners and focusing on
meaning consumes most of the working memory space. As FL learners become
increasingly more proficient, lexical retrieval becomes easier, making it possi-
ble for learners to process words that do not carry meaning, such as function
words and grammatical markers. O’Brien et al. (2006) found a relationship be-
tween L1 NWR and function words, i.e. grammatical performance, for the more
advanced learners, for whom lexical access did not pose any difficulties. Al-
though the present study does not differentiate between beginning and more
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advanced learners, the contribution of NWR to grammatical performance is
assessed.

Grammatical performance is most often linked to the domain general compo-
nent of working memory (Archibald and Gathercole 2006; Ellis and Sinclair 1996;
Martin and Ellis 2012; Verhagen and Leseman 2016). It has been found that work-
ing memory-impaired children struggle with parsing and analysing linguistic
constructions in their L1 (Marton and Schwartz 2003). Since working memory is
linked to noticing and processing new information, it has been argued that work-
ing memory is a mechanism to detect new structures in an FL and extract rules
from those structures. Grammar is exactly where new structures appear and vari-
ous studies have found that working memory span influences grammatical per-
formance. For example, Verhagen and Leseman (2016) compared monolingual
Dutch children to Dutch-Turkish bilingual children, who had learned Dutch in a
naturalistic setting, on their domain general working memory skills in relation to
their grammar knowledge in Dutch. Working memory was measured with a back-
ward digit recall task. The grammar task included production of morphologically
complex items and sentence repetition. They found no differences between these
two groups of 5-year-old children regarding the relationship between working
memory and grammar knowledge. For both the monolinguals and the bilinguals,
working memory predicted grammar, whereas short-term memory predicted vo-
cabulary and grammar. Verhagen and Leseman (2016) concluded that the same
memory mechanisms are employed in L1 and L2 children learning their L2 natu-
ralistically. Another example is a study by Martin and Ellis (2012), who investi-
gated university students implicitly learning an artificial language with intricate
morphological rules. They found a robust relationship between vocabulary and
grammar scores, suggesting a strong interdependence. They also found that
there was a stronger relationship between working memory span and grammar
than between short term memory and grammar, implying that the memory mecha-
nisms employed for memorizing items, i.e. vocabulary, are different from abstract-
ing patterns, i.e. grammar. The current study aims to investigate the contribution
of working memory span to grammatical performance in both the L1 and in the FL.

Whereas verbal short-term memory and NWR are usually connected with
vocabulary learning, working memory span is typically associated with gram-
mar learning. However, the findings of previous studies are inconclusive: both
vocabulary and grammar learning can be affected by working memory capacity
and NWR skills. The participant’s language proficiency level seems to play a
role as well. The present study includes verbal short-term memory, NWR and
working memory span to determine the effects on L1 vocabulary and grammar
and FL vocabulary grammar. Since our study was part of a longitudinal project,
all of the predictors were measured a year prior to the outcome measures. To
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control for past performance, the past value of the outcome variable of interest
was also entered into the analyses. Thus we could determine whether the mem-
ory measures had any effect on top of past vocabulary and grammatical perfor-
mance in the L1 and in the FL.

2 The current study

The main research question of the present study was whether phonological
short term memory as measured with NWR tasks and domain general working
memory as measured with a working memory span task contribute to vocabu-
lary and grammar performance in Dutch (L1) and English as a foreign language
(EFL) a year later. We asked two specific research questions:
1. Is the relative contribution of NWR measured in grade 4 taking into account

vocabulary performance a year prior significant for vocabulary knowledge
measured in grade 5?

2. Is the relative contribution of working memory span measured in grade 4
taking into account grammatical performance a year prior significant for
the grammatical performance displayed in grade 5?

We hypothesised that NWR is correlated with and predicts receptive vocabulary
knowledge, while working memory span is correlated with and predicts gram-
matical proficiency. NWR measures the capacity to store verbal information
and gives an indication of the strength of long-term phonological representa-
tions. In addition, previous research indicated strong connections between
phonological processing and FL vocabulary learning. Working memory span
measures the ability to process verbal information while it is being stored. It is
involved when learners have to notice and process linguistic structures; hence,
its importance for grammar learning. Grammar learning is a complex process
whereby individual items need to be memorized and the relationships between
those items need to be recognized. The first step in the current study was to
check whether both predictions were verified for Dutch. The next step was to
determine whether these different memory components were differentially em-
ployed for English vocabulary learning versus English grammar learning, too.
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3 Method

3.1 Participants

Two hundred and ninety-eight grade 4 pupils from seven primary schools in the
Randstad area of the Netherlands took part in the first wave of data collection.
Two hundred and eight of those were assessed a year later in the 5th grade. Paren-
tal permission was obtained for each participant. The study was approved by the
Ethical Review Board of the university. The participating schools had different
pupil populations regarding social-economic status based on their postal codes,
and regarding the number of children with Dutch as an additional language
based on the answers the participants gave in the language background question-
naires. These seven schools formed a representative sample of the primary school
population in the Netherlands. Four of the seven schools offered English language
lessons before grade 4, but no differences on the crucial measures were found be-
tween the participants who had received English language lessons and those who
had not.1 In the present study, the data from dyslexic children (N = 16) were ex-
cluded, as were the data from children who had a mother tongue other than
Dutch (N = 123). Some pupils did not complete all tasks in this study and those
data were excluded too (N = 7). Finally, some pupils changed to another school
between grade 4 and grade 5 or their permission was withdrawn; therefore, they
did not participate in the second round of data collection. Those data were also
excluded (N = 6). Hence, the total number of participants was 138 pupils. There
were 69 male and 69 female participants. The mean age of the participants was 9
years and 10 months in grade 4 and 10 years and 10 months in grade 5.

3.2 Instruments

All tasks were administered on a tablet, rather than the usual paper and pencil
set-up (see Procedure).

 English as a foreign language is a compulsory subject from grade 5 (ages 10–11 years) on-
wards in the Netherlands (Toorenburg and van Oostdam 2002). However, primary schools may
decide to offer English language lessons from an earlier grade onwards. Of the current 138 par-
ticipants, 99 pupils received English lessons at school and 39 pupils did not in grade 4. All of
the participants received English lessons at school in grade 5. No significant differences were
found on the tasks in this study between the pupils who had received English lessons at
schools and those who had not.
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Non-verbal intelligence. The measure of the non-verbal intelligence was the
RAVEN Standard Progressive Matrices (RAVEN-NL SPM, Dutch adaptation by
Harcourt Assessment 2006). The RAVEN consists of five blocks, each containing
12 items (NRAVEN = 60). Each item consists of a geometric pattern with one piece
missing. Participants have to discover the principles, relationships and rules
between the patterns and decide which of six given pieces is the missing one. A
test-retest reliability of .88 was reported for the test (Raven 2003). This task was
used to measure participants’ logical reasoning skills. Participants had 30 mi-
nutes to complete the test (Hamel and Schmittman 2006), instead of an unlim-
ited test situation.

Verbal short-term memory. The measure of verbal short-term memory was the
digit span forwards from the Wechsler Intelligence Scale for Children (WISC-III-
NL, Dutch adaptation by Kort et al. 2005). In the digit span forward, lists of in-
creasing length are presented. Two of each length (2–8). Each digit occurs only
once in a list. The lists were pre-recorded by a female native speaker of Dutch.
Participants were asked to recall the lists in correct serial order. The test started
with a list of two digits and had a maximum of eight digits. At each length two
lists were presented separately. Testing was finished when a participant failed
to recall both lists of the same length correctly. Each correctly recalled list was
awarded with one point.

NWR. There were two measures of non-word repetition: L1 non-word repetition
and L2 non-word repetition. The Dutch (L1) non-word repetition (Rispens and
Baker 2012) consisted of three trials and 22 items. The non-words were based on
Dutch phonotactics. Item length varied between three and five syllables. All sylla-
bles had to be repeated correctly for a point to be awarded. The non-words were
pre-recorded by a female native speaker of Dutch. The English (FL) non-word repe-
tition was from the Comprehensive Test of Phonological Processing – Second Edi-
tion (CTOPP-2, Wagner et al. 2013). It consisted of three trials and 18 items. The
non-words were based on English phonotactics. Item length varied between one
and six syllables. The items increased in difficulty. All syllables had to be re-
peated correctly for a point to be awarded. The non-words were pre-recorded
by a female native speaker of American English.2

Working memory span. The measure of working memory span was the digit
span backwards from the Wechsler Intelligence Scale for Children (WISC-III-
NL, Dutch adaptation by Kort et al. 2005). It is identical to the digit span

 The non-word repetition tasks were rated by an independent rater after the tests were
administered.
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forwards, except that the participant is required to recall the sequence of spo-
ken digits in reverse order and that there is a maximum of seven digits. A trial
item is given in order to ensure the participant understands the concept of re-
verse recall.

L1 vocabulary. The measure of L1 vocabulary was the Peabody Picture Vocabulary
Test, Third edition (PPVT-III-NL, Dunn and Dunn 1997; Dutch translation by
Schlichting 2005). The test provides an estimate of receptive vocabulary for stan-
dard Dutch. Participants saw four yellow and blue coloured pictures and heard a
sound file containing the target word that was played automatically. The sound
file was recorded by a female native speaker of Dutch. Participants had to select
the correct picture, out of four pictures, upon hearing the target word. If they did
not respond within five seconds, they received a warning message saying select a
picture. This test was administered in class, all of the participants completed sets 7
up and including 11 in grade 4 (NPPVT-NLgr4 = 59) and sets 8 up and including 12 in
grade 5 (NPPVT-NLgr5 = 59), regardless of how many mistakes they made in a set.3

These sets were selected, as they were deemed appropriate for these age
groups, whereas normally the starting set is adjusted for each individual.

L1 sentence assembly. L1 sentence production was examined by using the task
Sentence Assembly from the Clinical Evaluation of Language Fundamentals
(CELF-4-NL, Wiig, Semel and Secord 2003; Dutch adaptation by Kort, Schittekatte
and Compaan 2010). There were two trial items and 13 exercises (NCELF-ZS = 13).
This test was administered to assess the participants’ ability to formulate gram-
matically acceptable and semantically meaningful sentences by manipulating
and transforming given words and word groups. This task was used to assess L1
grammar knowledge in previous studies (Justice et al. 2010; Rescorla 2002;
Weber-Fox and Neville 1996). Participants saw word groups on the screen of
their tablet and had to type in two grammatically correct sentences for each item.
If both sentences were correct, the participant received one point for that item.
Secondly, since the CELF-manual allowed very few sentences to count as correct,
we listed all the grammatically correct and semantically meaningful versions of
the sentences and manually judged those to be correct. Typos, punctuation and
spelling errors were ignored.

 Originally there were 60 items in sets 7–11 of the PPVT-III-NL and all of these items were
administered. However, since one item (groente ‘vegetable’) was also used in the English ver-
sion of the PPVT, it was excluded from the analysis. That item did not appear in sets 8–12; yet,
another item (globe ‘globe’) was also used in the English version of the PPVT. Therefore, it was
excluded from the analysis.
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FL vocabulary. The measure of English (FL) vocabulary was the Peabody Picture
Vocabulary Test, Fourth edition (PPVT-4, Dunn and Dunn 2007). The test meas-
ures receptive vocabulary knowledge. Participants were presented with four col-
oured pictures and heard a sound file containing the target word that was played
automatically. The sound file was recorded by a female native speaker of British
English. Participants had to select the correct picture, out of four pictures, upon
hearing the target word. If they did not respond within five seconds, they re-
ceived a warning message saying select a picture. They could play the sound file
up to three times. A difference from standard administration was that all of the
participants completed sets 1 up and including 7 in grade 4 (NPPVT-ENgr4 = 61) and
sets 2 up and including 8 in grade 5 (NPPVT-ENgr5 = 58), regardless of how many
mistakes they made in a set, because the test was administered in class.4 These
sets were selected, as they were deemed appropriate for these age groups.

FL oral comprehension. English (FL) oral grammar comprehension was examined
by using the task Sentence Structure from the Clinical Evaluation of Language
Fundamentals (CELF-4, Wiig, Semel and Secord 2003). There were three trial items
and 26 test sentences (NCELF-SS = 26). The test was administered to assess the par-
ticipants’ ability to interpret spoken sentences and to select the pictures that illus-
trate referential meaning of the sentences. This test was used to assess English L1
grammar knowledge in previous studies (Justice et al. 2010; Rescorla 2002; Weber-
Fox and Neville 1996). Participants were presented with four coloured pictures and
heard a sound file containing the target sentence that was played automatically.
The sound file was recorded by a female native speaker of British English. Partici-
pants had to select the correct picture, out of four pictures, upon hearing the target
sentence.

FL morpho-syntax. Word Structure from the Clinical Evaluation of Language
Fundamentals (CELF-4, Wiig, Semel and Secord 2003) was used to examine
(English) FL grammar production. It was administered to measure the partici-
pants’ ability to apply morphological rules to mark inflection and comparison

 Originally there were 84 items in sets 1–7 and sets 2–8 of the PPVT 4th edition and all of
these items were administered. However, since two items (vegetable and globe) were also used
in the Dutch version of the PPVT and since other items were deemed Dutch cognates (ball,
foot, banana, cup, bus, cookie, dancing, lamp, penguin, net, tunnel, envelope, calendar, panda,
vest, cactus, uniform, gigantic, group, chef flamingo, hyena, river, timer, vase, harp, bloom,
heart), they were excluded from the analysis. The authors independently rated the cognates
and then came to an agreement. Baird, Palacios and Kibler (2016: 448) indicate that “cognates
[are] words that are semantically and phonologically or orthographically similar in two lan-
guages”. In the present study, we considered English and Dutch words to be cognates, when a
concept is very close in its pronunciation in the two languages (for example ball – bal).
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and their ability to select and use appropriate pronouns to refer to people. This
test was used to examine English L1 grammar knowledge in previous studies
(Justice et al. 2010; Rescorla 2002; Weber-Fox and Neville 1996). There were 32
items in the original test, but we chose to simplify it, on the basis of a pilot
study, by reducing the number of items to 12 (NCELF-WS = 12). There were two
trial items. Participants saw the picture on a laptop screen. Then a sound file
containing the target sentence was played. The sound file was recorded by a
female native speaker of British English. Participants were asked to complete
the target sentence in English. All of the instructions were in Dutch.

3.3 Procedure

All of the tests were part of a larger test battery in a three-year longitudinal study
into the predictors of English language learning by Dutch primary school pupils.
The test battery consisted of class sessions, in which participants worked by them-
selves in their classrooms, and individual sessions, in which a test administrator
tested a participant individually in a separate room. In the larger test battery,
there were five class sessions and six individual sessions in grade 4. Three of the
class sessions contained Dutch (L1) language tests and the other two included En-
glish (FL) language tests. There were four class sessions and six individual ses-
sions in grade 5. Two of the class sessions contained Dutch language tests and
the other two included English language tests. Half of the schools did the Dutch
language tests first and the other half did the English tests first. The order of the
languages was counterbalanced, meaning that the schools that had started with
the Dutch language tests in grade 4 began with the English tests in grade 5 and
vice versa. During the class sessions, participants carried out the tests by them-
selves on a tablet; they wore headphones and a short video served as an instruc-
tion for each test. Each participant had a tablet (T550 Galaxy Tab A 9.7) to work
on. The non-verbal intelligence test, the Dutch and English vocabulary tests, the
Dutch sentence assembly and the English oral comprehension test were part of
the classical sessions. All the class tests were converted to an online survey
(www.qualtrics.com), so that the participants’ answers were recorded and stored
automatically and digitally. Each class session took about 45–60 minutes to com-
plete. The language background test, the short-term memory tests, the working
memory tests and the English (FL) morpho-syntax test were administered individ-
ually. Individual sessions took about 30 minutes to complete. The individual ses-
sions were also counterbalanced, meaning that half of the schools started with
English and the other half with Dutch and the order was changed in grade 5.
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3.4 Data analysis

First, the participants’ scores were inspected for outliers and normality. For all
the tests, standardized measures for skewness and kurtosis did not exceed the
value of 1.3, with the exception of the L1 vocabulary task in grade 4 (skewness =
−0.9, kurtosis = 2.1) and the L1 sentence assembly task in grade 4 (skewness =
−1.1, kurtosis = 2.6), on which a few participants obtained low scores. There were
eight instances where the outliers were greater than three standard deviations
below the mean. Because of these outliers, bootstrapping was used as a method
to overcome the problems of normal distribution violations in some of the above
measures.

The first step was to carry out Pearson r correlation analyses on all the
tasks. After significant correlations were found, regression analyses were run.
The hierarchical multiple regression analyses were built up step-wise in an
identical manner, following theoretical considerations. In this hierarchical re-
gression analysis predictors are entered in separate steps to determine which
additional predictors improve the model once predictors in previous steps have
been controlled for. The order of the predetermined steps was based on theories
of FL learning. An automatic search for the best predictors does not allow for
separate steps and therefore does not do justice to theoretical considerations.
For example, by entering a past value of the dependent variable first we could
control for previous competence in that skill. Also, Dutch primary school chil-
dren learn their L1 before the FL and previous studies have shown the effect of
the L1 on FL aptitude. By entering L1 predictors first we could control for L1
competence and determine the relative contribution of FL predictors. The pre-
dictors were only entered into the model when there was a significant (p < .05)
correlation between the dependent variable and the predictor. First, the autore-
gressor was entered as a predictor into the model, meaning that a past value,
i.e. the value in grade 4, of the variable of interest was used. As a second step,
non-verbal intelligence was entered as a predictor into the model, so as to con-
trol for intelligence, but only if it correlated significantly with the dependent
variable. Then, verbal short-term memory was added (if p < .05), as it plays a
crucial role in vocabulary learning. The next model always included the L1
NWR but only if it correlated significantly with the dependent variable. To pre-
dict L1 grammar, L1 vocabulary was added in the fifth model. The L1 measures
were added before the FL measures, because L1 competence is thought to have
an effect on FL aptitude. For the FL dependent variables, FL NWR was added in
the subsequent model, as this represented the ability to form long-term phono-
logical representations, phonological processing and sublexical skills. Then, FL
receptive vocabulary knowledge was added for the FL grammar dependent
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variables, as it indicated FL lexical knowledge. Finally, in all the analyses,
working memory was added in the last model, as it was a measure of the ability
to integrate linguistic information. To obtain robust results, all the regression
analyses were bootstrapped and the 95% bias corrected and accelerated confi-
dence intervals were reported.

4 Results

The mean scores of the 138 participants on the non-verbal intelligence test, on
the memory tasks and on the Dutch (L1) and English (FL) measures are reported
in Table 1. The non-verbal intelligence scores fell within the normal range. The
verbal short-term memory score and the working memory score were normal
for these age groups, as were the scores for NWR in L1 and FL. The mean scores
on the L1 and FL vocabulary tests were quite similar in both grades; however,
the L1 items were suitable for Dutch native speakers between the ages of 6;6
and 15;11, whereas the FL items were suitable for English native speakers be-
tween the ages of 2;6 and 9;0. Hence, the L1 vocabulary items were more

Table 1: The mean, standard deviation, reliability, range and number of items per task.

Year M SD α Range No. of items

Non-verbal intelligence grade  . . .a – 

Verbal short-term memory grade  . . .a – 

Working memory grade  . . .a – 

L NWR grade  . . .b – 

FL NWR grade  . . .b – 

L vocabulary grade  . . .a – 

L sentence assembly grade  . . .–.a – 

FL vocabulary grade  . . .b – 

FL oral comprehension grade  . . .b – 

FL morpho-syntax grade  . . .b – 

L vocabulary grade  . . .a – 

L sentence assembly grade  . . .–.a – 

FL vocabulary grade  . . .b – 

FL oral comprehension grade  . . .b – 

FL morpho-syntax grade  . . .b – 

Note. N = 138.
aReliability values were taken from the manuals of the standardized tests.
bReliability values were calculated on the current group of participants, as the tests
were either not standardized or the reliability in the manual was based on native speaker
participants.

44 M. J. H. Van Koert et al.



difficult than the FL items. Furthermore, the vocabulary items that were tested
in grade 5 were more difficult than those in grade 4. These two reasons explain
why there was little differences between the mean scores on the L1 and FL vo-
cabulary tests in grades 4 and 5. The mean scores for the L1 sentence assembly
task in grades 4 and 5 show a difference: on average the participants were able
to construct more correct, meaningful sentences in grade 5 than in grade 4. Fi-
nally, the participants scored on average around 57–77% correct on all the lan-
guage measures.

A Pearson r correlation analysis was carried out to determine whether there
was a relationship between the language measures and the memory measures.
Table 2 reports the Pearson r correlation values for all the cognitive, L1 and FL
measures.

Table 2 shows that there was no significant correlation between verbal
short-term memory and L1 vocabulary. However, there was a moderate positive
correlation between L1 NWR and L1 vocabulary in grades 4 and 5. Table 2 fur-
ther shows that there was a moderate positive correlation between working
memory and L1 sentence assembly meaning that participants who were rela-
tively good at recalling digits in reverse serial order in grade 4, performed rela-
tively well on the Dutch grammar task in grade 5.

With regard to the FL results, Table 2 shows that there was no correlation
between verbal short-term memory and FL vocabulary, or working memory and
the FL grammar tasks, nevertheless a moderate positive correlation was ob-
served between FL NWR and FL vocabulary in grades 4 and 5. Both of these
results indicate that participants who were better at repeating non-words in En-
glish in grade 4, also had a larger vocabulary in English in grade 5.

4.1 Memory and L1

Research question 1 asked whether NWR measured in grade 4 predicted L1 recep-
tive vocabulary knowledge measured in grade 5. A hierarchical multiple regres-
sion analysis was run on the data including L1 vocabulary-grade 4, non-verbal
intelligence and L1 NWR (predictors) and L1 vocabulary-grade 5 (dependent vari-
able). Table 3 shows the output of the model that had the best fit to the data.
Table A in the Appendix presents all of the regression models.

As can be seen in Table 2, L1 receptive vocabulary knowledge measured in
grade 5 correlated significantly with L1 vocabulary measured in grade 4, non-
verbal intelligence and L1 NWR. Hence, these were the predictors entered in the
regression models. Model 1 in Table 3 shows that L1 receptive vocabulary
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measured in grade 4 was a significant predictor of L1 receptive vocabulary
knowledge measured in grade 5. In the next steps, non-verbal intelligence and
L1 NWR were entered separately. None of these models (see Table A in the Ap-
pendix) proved to be a better fit; thus, Model 1 is the model we base our results
on. Table 3 presents the output of the model that had the best fit to the data.
About 36% of the variance of the performance on the L1 receptive vocabulary
task in grade 5 was explained by the performance on the L1 vocabulary task in
grade 4.

Research question 2 asked whether working memory span measured in
grade 4 predicted L1 grammatical performance measured in grade 5. A hierar-
chical multiple regression analysis was run on the data including L1 sentence
assembly – grade 4, non-verbal intelligence, verbal short-term memory, NWR,
L1 vocabulary and working memory span (predictors) and L1 sentence assembly
(dependent variable). Table B in the Appendix presents the different models of
the predictors of L1 grammatical performance. Table 4 presents the output of
the model that had the best fit to the data.

As can be seen in Table 2, L1 sentence assembly measured in grade 5 corre-
lated significantly with L1 sentence assembly measured in grade 4, non-verbal
intelligence, L1 vocabulary and working memory span. Hence, these were the
predictors entered in the regression models. Working memory span was a sig-
nificant predictor in Model 4, which can be seen in Table 4. Intelligence also
remained a significant predictor although its influence became slightly smaller
after including working memory span. When working memory span was added,
L1 sentence assembly in grade 4 was no longer a significant predictor. About
17% of the variance of the performance on the L1 sentence assembly task in
grade 5 was explained by the scores on L1 sentence assembly in grade 4, intelli-
gence, L1 vocabulary and working memory span.

Table 3: Regression Model 1 of the L1 receptive vocabulary knowledge in grade 5.

B SE B β p

Model 

Constant . (−., .) . .
L vocabulary (grade ) . (., .) . . .

Note. N = 138. R2 = .36 for Model 1; ΔR2 = .01 for Model 2 (p = .126); ΔR2 < .02 for Model 3
(p = .051).
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4.2 Memory and FL

Second, we wanted to determine whether NWR and working memory span were
differentially employed for FL (English) vocabulary learning versus English gram-
mar learning. A hierarchical multiple regression analysis was run on the predic-
tors that correlated significantly with the dependent variable. These included FL
vocabulary – grade 4, L1 NWR, L1 vocabulary and FL NWR (predictors) and FL
vocabulary – grade 5 (dependent variable). As explained in Data Analysis, the
first model contained the autoregressor and the other predictors were added one
by one in each subsequent model. Table C in the Appendix presents the different
models of the predictors of FL receptive vocabulary knowledge. Table 5 presents
the output of the model that had the best fit to the data.

About 65% of the variance of the performance on the FL receptive vocabu-
lary task was explained by the scores on FL vocabulary in grade 4, L1 NWR, L1
vocabulary and FL NWR, with FL and L1 vocabulary in grade 4 and FL NWR
significantly contributing to FL receptive vocabulary.

Research question 2 asked whether working memory measured in grade 4 pre-
dicted FL receptive grammatical performance measured in grade 5, taking into ac-
count grammatical performance in grade 4. A hierarchical multiple regression
analysis was run on the predictors that correlated significantly with the dependent
variable. These included FL oral comprehension – grade 4, non-verbal intelligence,
L1 NWR, L1 vocabulary, FL NWR and FL vocabulary (predictors) and FL oral

Table 4: Regression model of predictors measured in grade 4 of L1 sentence assembly
measured in grade 5.

B SE B β P

Model 

Constant .
(., .)

. .

L sentence assembly (grade ) .
(−., .)

. . .

Intelligence .
(., .)

. . .

L vocabulary .
(−., .)

. . .

Working memory span .
(., .)

. . .

Note. N = 138. R2 = .08 for Model 1; ΔR2 = .07 for Model 2 (p = .002); ΔR2 < .01 for Model 3
(p = .636); ΔR2 = .03 for Model 4 (p = .031).
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comprehension – grade 5 (dependent variable). Table D in the Appendix presents
the different models of the predictors of FL receptive grammatical performance.
Table 6 presents the output of the model that had the best fit to the data.

About 56% of the variance of the performance on the FL oral comprehen-
sion in grade 5 was explained by the scores on FL oral comprehension – grade
4, intelligence, L1 NWR, L1 vocabulary, FL NWR and FL vocabulary, with FL
oral comprehension (grade 4), FL NWR and FL vocabulary significantly contrib-
uting to FL oral comprehension.

A hierarchical multiple regression analysis was run in order to answer the
question whether working memory span measured in grade 4 predicted FL pro-
ductive grammatical performance measured in grade 5. Predictors that corre-
lated significantly with the dependent variable were included in the model: FL
morpho-syntax – grade 4, non-verbal intelligence, L1 NWR, L1 vocabulary, FL
NWR and FL vocabulary (predictors) and FL morpho-syntax – grade 5 (depen-
dent variable). Table E in the Appendix presents the different models of the pre-
dictors of FL morpho-syntax. Table 7 presents the output of the model that had
the best fit to the data.

About 64% of the variance of the performance on the FL morpho-syntax
was explained by the scores on FL morpho-syntax – grade 4, intelligence, L1
NWR, L1 vocabulary, FL NWR and FL vocabulary, with FL morpho-syntax in
grade 4 and FL vocabulary being significant predictors.

Table 5: Regression model of predictors measured in grade 4 of FL receptive vocabulary
knowledge measured in grade 5.

B SE B Β p

Model 

Constant .
(−., .)

. .

FL vocabulary (grade ) .
(., .)

. . .

L NWR .
(−., .)

. . .

L vocabulary .
(−., .)

. . .

FL NWR .
(., .)

. . .

Note. N = 138. R2 = .61 for Model 1; ΔR2 < .01 for Model 2 (p = .071); ΔR2 = .02 for Model 3
(p = .006); ΔR2 = .01 for Model 4 (p = .042).
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5 Discussion

The aim of the present study was to determine whether phonological process-
ing and working memory span in Dutch speaking pupils measured one year
prior to the language measures predict receptive vocabulary knowledge and
grammatical proficiency in Dutch (L1) and English (FL) in the initial stages of
formal foreign language learning.

5.1 Memory and L1

It was hypothesised that Dutch receptive vocabulary would be predicted by
NWR. Our results showed that Dutch receptive vocabulary knowledge in grade
5 correlated significantly with NWR and intelligence. This is in line with Gather-
cole et al. (1992), who also reported significant correlations between vocabu-
lary, NWR and intelligence. We found that when Dutch vocabulary knowledge
in grade 4 was entered as an autoregressor in the regression model, it proved to
be the best predictor of receptive vocabulary knowledge in grade 5. Subsequent

Table 6: Regression model of predictors measured in grade 4 of FL oral comprehension
measured in grade 5.

B SE B Β P

Model 

Constant .
(−., .)

. .

FL oral comprehension (grade ) .
(., .)

. . .

Intelligence .
(−., .)

. . .

L NWR .
(−., .)

. . .

L vocabulary .
(−., .)

. . .

FL NWR .
(., .)

. . .

FL vocabulary .
(., .)

. . .

Note. N = 138. R2 = .45 for Model 1; ΔR2 = .01 for Model 2 (p = .192); ΔR2 = .02 for Model 3
(p = .028); ΔR2 = .02 for Model 4 (p = .046); ΔR2 = .01 for Model 5 (p = .070); ΔR2 = .06 for
Model 6 (p < .001).
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models did not yield a better fit; hence, we found that vocabulary knowledge was
the best predictor of future vocabulary knowledge. NWR did not contribute to the
present lexical skills on top of the past lexical skills. This seems to be in line with
previous findings as L1 phonological processing effects are typically less apparent
when the lexicon has reached a certain size (Cheung 1996; Engel de Abreu and
Gathercole 2012; Gathercole et al. 1992). The second expectation stated that Dutch
grammatical proficiency (measured with sentence assembly) would be predicted
by working memory span. Working memory span and intelligence correlated sig-
nificantly with Dutch grammatical proficiency. The regression models showed that
Dutch grammatical performance was predicted by working memory span and in-
telligence in the current study. Previous studies found a similar relationship be-
tween grammatical performance and working memory span (Archibald and
Gathercole 2006; Ellis and Sinclair 1996; Martin and Ellis 2012; Verhagen and
Leseman 2016). Thus, our first hypothesis was not confirmed, even though
significant correlations were observed between NWR and vocabulary, and
the second hypothesis was wholly confirmed, showing that in the L1 these
memory components contribute differentially to word learning and grammar
over a period of one year. These results show that sufficient working memory

Table 7: Regression model of predictors measured in grade 4 of FL morpho-syntax measured
in grade 5.

B SE B Β P

Model 

Constant −.
(−., .)

. .

FL morpho-syntax (grade ) .
(., .)

. . .

Intelligence .
(−., .)

. . .

L NWR .
(−., .)

. . .

L vocabulary .
(−., .)

. . .

FL NWR −.
(−., .)

. −. .

FL vocabulary .
(., .)

. . .

Note. N = 138. R2 = .55 for Model 1; ΔR2 = .02 for Model 2 (p = .020); ΔR2 < .01 for Model 3
(p = .479); ΔR2 < .01 for Model 4 (p = .679); ΔR2 < .01 for Model 5 (p = .504); ΔR2 = .06 for
Model 6 (p < .001).
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capacity is important for processing and creating linguistic structures, which
is reflected in the performance of our grammatical task. Our longitudinal design
shows that the associations between memory and language are long-term as the
memory tasks were administered one year prior to the language measures.

5.2 Memory and FL

For English, it was also hypothesised that NWR would predict receptive vocabulary
knowledge. Our results showed that English receptive vocabulary knowledge in
grade 5 correlated significantly with NWR and with Dutch vocabulary. When En-
glish vocabulary knowledge in grade 4 was entered as an autoregressor in the re-
gression model, it predicted English vocabulary knowledge in grade 5 along with
English NWR and Dutch vocabulary as predictors. That NWR predicted English vo-
cabulary knowledge is in line with previous research (Cheung 1996; Engel de
Abreu and Gathercole 2012; Kormos and Sáfár 2008; Service and Kohonen 1995;
Verhagen and Leseman 2016). Verbal short-term memory (measured with the for-
ward digit span in Dutch) did not predict English vocabulary knowledge to the
same degree as NWR, meaning that the two measures likely represent different
stages during phonological processing. Whereas verbal short-term memory tasks
reflect the capacity of the phonological loop (Baddeley 2003), NWR reflects the ca-
pacity of the phonological loop as well as the ability to retrieve and manipulate
phonological representations stored in the mental lexicon (Rispens and Baker
2012). These phonological representations are the scaffolds of words. It holds that
the more often those representations are encountered, the more firmly they are
stored in the lexicon and the easier it is to recognise them. Hence, they can be
stored more easily in the phonological loop. It also works the other way around:
the more vocabulary knowledge there is, the easier it is to extract the representa-
tions from that knowledge and to expand the storage of long-term phonological
representations. This also explains why verbal short-term memory is a better pre-
dictor of vocabulary than NWR in very young children, whose stored vocabulary
knowledge containing phonological representations is limited, and why NWR is a
better predictor of vocabulary in somewhat older children (Gathercole et al. 1992;
Rispens and Baker 2012).

There are differences between the current study and the previous ones.
First, our study contained an autoregressor, meaning that we controlled for
past English vocabulary knowledge. This was possible since our study was part
of a longitudinal project. We found that the pupils’ prior English vocabulary
knowledge was the only significant predictor and it accounted for a large part
of the variance. Second, the current study included both an L1 and a FL NWR,
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so that the contribution of both NWRs could be compared. When Dutch NWR
was added to the model, but English NWR was not yet added, the former signif-
icantly predicted English vocabulary knowledge. This is in line with Engel de
Abreu and Gathercole (2012), who found that L1 NWR predicted L1 (Luxem-
bourgish) and L2 (German) vocabulary. Interestingly, L1 NWR did not predict
L3/FL (French) vocabulary in their study. They suggested that L1 NWR can only
predict L2/FL vocabulary when the languages are phonotactically similar, such
as German and Luxembourgish, thereby evoking Baddeley (2003) who stated
that immediate recall of non-words is better when those non-words are phono-
tactically similar to the L1. Our results are in line with both Engel de Abreu and
Gathercole (2012) and Baddeley (2003), as L1 NWR was related to FL vocabulary
yet when FL NWR was taken into account, our results demonstrate that a lan-
guage specific NWR is a better predictor of FL vocabulary than L1 NWR, be-
cause it taps the phonotactics of the target language. This is the case even
though FL NWR in our sample was a less reliable measure. This means that be-
ginning learners who have a greater capacity of the phonological loop and who
have stored more long-term phonological representations in English, will be
better at learning English vocabulary than their peers who have a smaller ca-
pacity and who have stored fewer representations. Third, our study included L1
vocabulary knowledge as a predictor, so that the contribution of more general
lexical knowledge was taken into account. Previous research established that
L1 vocabulary is an indicator of FL aptitude (e.g. Ganschow and Sparks 2001;
Skehan and Ducroquet 1988; Sparks, Patton and Ganschow 2012). Our study
thus corroborates that finding, as Dutch vocabulary knowledge indeed contrib-
uted to the performance of English vocabulary.

Secondly, it was hypothesised that working memory span would predict En-
glish grammatical proficiency, for both oral comprehension and morpho-syntax
production. The results showed that working memory span did not significantly
correlate with English grammatical proficiency. We thus do not have evidence to
conclude that working memory span predicts grammatical proficiency in children
learning English. Our null results are different from what previous studies obtained
(Archibald and Gathercole 2006; Ellis and Sinclair 1996; Martin and Ellis 2012; Ver-
hagen and Leseman 2016). Differences in tasks and methodology may be responsi-
ble for the differences in results. For example, the participants in Martin and Ellis’
(2012) study were adults learning an artificial language and the participants in the
study by Verhagen and Leseman (2016) were five-year-old Dutch monolingual and
Dutch-Turkish bilingual children learning Dutch in a naturalistic setting. Our partic-
ipants’ English vocabulary knowledge predicted current English grammatical per-
formance. Hence, it is likely that our participants used different resources than
working memory span while they were performing the grammatical tasks. They
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might very well count on their English vocabulary and their phonological processing
skills to retrieve the meaning of the words in the sentences in the oral comprehen-
sion task. Indeed, this is what is indicated by the outcome of the regression analysis:
English receptive vocabulary and NWR significantly predicted performance on the
receptive grammatical task. This could indicate that our participants used a more
lexical approach to this task. Of course, it may also be the case that the relation be-
tween working memory span and grammar exists in this group, but appears only
when working memory span is measured with a different task than the backward
digit span.

An influence of NWR on grammatical proficiency has been found before
(Archibald and Gathercole 2006; Ellis and Sinclair 1996; Kormos and Sáfár
2008; O’Brien et al. 2006; Paradis 2011; Service and Kohonen 1995). Both Kor-
mos and Sáfár (2008) and O’Brien et al. (2006) suggest that the more advanced
learners are also the more proficient ones, meaning that lexical retrieval is eas-
ier for them than for the less advanced learners. When less energy can be spent
on lexical retrieval, more working memory space is available to process, for ex-
ample, function words. When function words are processed, Kormos and Sáfár
(2008) and O’Brien et al. (2006) found that NWR and grammatical performance
were related in more advanced learners. The present study only included begin-
ning learners, but the contribution of NWR to the oral comprehension task could
reflect an advantage in grammatical processing. The question is then why we
only see a contribution of NWR in the comprehension task and not in the produc-
tion task. Our participants scored relatively lower on the production task than on
the comprehension task (mean percentage correct = 57% vs. mean percentage
correct = 77%). It could be that our participants had to pay more attention to lexi-
cal retrieval when producing sentences – and, hence, had no working memory
space left to focus on grammatical markers – memory space they did have when
comprehending sentences. Perhaps the production task was too challenging to
see a direct effect of grammatical proficiency. This could be why we only see an
effect of past performance on that task and of English vocabulary knowledge
when predicting grammatical production.

Besides English receptive vocabulary knowledge for both grammatical tasks
and NWR for the oral comprehension task, another significant predictor of our par-
ticipants’ grammatical proficiency was past performance on the tasks. Since past
performance contributed significantly, it indicates that besides a lexical approach,
these children use grammatical processing to understand these sentences.

54 M. J. H. Van Koert et al.



6 Conclusion

Past performance on a task is the best predictor for present performance. In ad-
dition, we found that L1 phonological processing as measured by a non-word
repetition task is correlated with vocabulary in the first language (L1) and vo-
cabulary in a foreign language (FL). However, phonological processing only
predicts vocabulary in a foreign language, and only when a language specific
FL measure is used. It seems that phonological processing is more important
for lexical learning in the initial stages of FL learning than it is for the L1 at a
later stage. In the L1 working memory (WM) predicts grammatical proficiency,
meaning that children use their WM to hold the information from the grammati-
cal task available so that they can parse the linguistic structures and create mean-
ingful sentences. However, WM does not predict FL grammatical proficiency a year
later. Grammatical performance is predicted by past performance on the same task
and by FL vocabulary. Only receptive grammatical performance is also predicted
by phonological processing, as measured by a language specific non-word repeti-
tion task. Whilst beginning learners of an FL seem to activate their grammatical
knowledge when faced with a grammatical task, as indicated by the contribution
of past grammatical performance, they also seem to use a more lexical approach to
these tasks than in their L1.

Appendix

Table A: Linear models of predictors in grade 4 of L1 receptive vocabulary knowledge in grade 5.

b SE B β p

Model 

Constant .
(−., .)

. .

L vocabulary (grade ) .
(., .)

. . .

Model 

Constant .
(−., .)

. .

L vocabulary (grade ) .
(., .)

. . .

Intelligence .
(−., .)

. . .
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Table A (continued)

b SE B β p

Model 

Constant .
(−., .)

. .

L vocabulary (grade ) .
(., .)

. . .

Intelligence .
(−., .)

. . .

L NWR .
(., .)

. . .

Note. N = 138. R2 = .36 for Model 1; ΔR2 = .01 for Model 2 (p = .126); ΔR2 = .02 for Model 3
(p = .051).

Table B: Linear models of predictors in grade 4 of L1 sentence assembly in grade 5.

b SE B β p

Model 

Constant .
(., .)

. .

L sentence assembly (grade ) .
(., .)

. . .

Model 

Constant .
(., .)

. .

L sentence assembly (grade ) .
(., .)

. . .

Intelligence .
(., .)

. . .

Model 

Constant .
(., .)

. .

L sentence assembly (grade ) .
(., .)

. . .

Intelligence .
(., .)

. . .

L vocabulary .
(−., .)

. . .
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Table B (continued)

b SE B β p

Model 

Constant .
(., .)

. .

L sentence assembly (grade ) .
(−., .)

. . .

Intelligence .
(., .)

. . .

L vocabulary .
(−., .)

. . .

Working memory span .
(., .)

. . .

Note. N = 138. R2 = .08 for Model 1; ΔR2 = .07 for Model 2 (p = .002); ΔR2 < .01 for Model 3
(p = .636); ΔR2 = .03 for Model 4 (p = .031).

Table C: Linear models of predictors measured in grade 4 of FL receptive vocabulary
knowledge measured in grade 5.

B SE B β p

Model 

Constant .
(., .)

. .

FL vocabulary (grade ) .
(., .)

. . .

Model 

Constant .
(., .)

. .

FL vocabulary (grade ) .
(., .)

. . .

L NWR .
(., .)

. . .

Model 

Constant .
(−., .)

. .

FL vocabulary (grade ) .
(., .)

. . .

L NWR .
(−., .)

. . .
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Table C (continued)

B SE B β p

L vocabulary .
(−., .)

. . .

Model 

Constant .
(−., .)

. .

FL vocabulary (grade ) .
(., .)

. . .

L NWR .
(−., .)

. . .

L vocabulary .
(−., .)

. . .

FL NWR .
(., .)

. . .

Note. N = 138. R2 = .61 for Model 1; ΔR2 < .01 for Model 2 (p = .071); ΔR2 = .02 for Model 3
(p = .006); ΔR2 = .01 for Model 4 (p = .042).

Table D: Linear models of predictors measured in grade 4 of FL oral comprehension measured
in grade 5.

b SE B β p

Model 

Constant .
(., .)

. .

FL oral comprehension (grade ) .
(., .)

. . .

Model 

Constant .
(., .)

. .

FL oral comprehension (grade ) .
(., .)

. . .

Intelligence .
(−., .)

. . .

Model 

Constant .
(., .)

. .

FL oral comprehension (grade ) .
(., .)

. . .
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Table D (continued)

b SE B β p

Intelligence .
(−., .)

. . .

L NWR .
(−., .)

. . .

Model 

Constant .
(., .)

. .

FL oral comprehension (grade ) .
(., .)

. . .

Intelligence .
(−., .)

. . .

L NWR .
(−., .)

. . .

L vocabulary .
(−., .)

. . .

Model 

Constant .
(., .)

. .

FL oral comprehension (grade ) .
(., .)

. . .

Intelligence .
(–., .)

. . .

L NWR .
(–., .)

. . .

L vocabulary .
(–., .)

. . .

FL NWR .
(., .)

. . .

Model 

Constant .
(−., .)

. .

FL oral comprehension (grade ) .
(., .)

. . .

Intelligence .
(−., .)

. . .

L NWR .
(−., .)

. . .

L vocabulary .
(−., .)

. . .
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Table E: Linear models of predictors measured in grade 4 of FL morpho-syntax measured in
grade 5.

b SE B β p

Model 

Constant .
(., .)

. .

FL morpho-syntax (grade ) .
(., .)

. . .

Model 

Constant .
(., .)

. .

FL morpho-syntax (grade ) .
(., .)

. . .

Intelligence .
(., .)

. . .

Model 

Constant .
(−., .)

. .

FL morpho-syntax (grade ) .
(., .)

. . .

Intelligence .
(., .)

. . .

L NWR .
(−., .)

. . .

Model 

Constant .
(−., .)

. .

Table D (continued)

b SE B β p

FL NWR .
(., .)

. . .

FL vocabulary .
(., .)

. . .

Note. N = 138. R2 = .45 for Model 1; ΔR2 = .01 for Model 2 (p = .192); ΔR2 = .02 for Model 3
(p = .028); ΔR2 = .02 for Model 4 (p = .046); ΔR2 = .01 for Model 5 (p = .070); ΔR2 = .06 for
Model 6 (p < .001).
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Table E (continued)

b SE B β p

FL morpho-syntax (grade ) .
(., .)

. . .

Intelligence .
(−., .)

. . .

L NWR .
(−., .)

. . .

L vocabulary .
(−., .)

. . .

Model 

Constant .
(−., .)

. .

FL morpho-syntax (grade ) .
(., .)

. . .

Intelligence .
(−., .)

. . .

L NWR .
(−., .)

. . .

L vocabulary .
(−., .)

. . .

FL NWR −.
(−., .)

. −. .

Model 

Constant −.
(−., .)

. .

FL morpho-syntax (grade ) .
(., .)

. . .

Intelligence .
(−., .)

. . .

L NWR .
(−., .)

. . .

L vocabulary .
(−., .)

. . .

FL NWR −.
(−., .)

. −. .

FL vocabulary .
(., .)

. . .

Note. N = 138. R2 = .55 for Model 1; ΔR2 = .02 for Model 2 (p = .020); ΔR2 < .01 for Model 3
(p = .479); ΔR2 < .01 for Model 4 (p = .679); ΔR2 < .01 for Model 5 (p = .504); ΔR2 = .06 for
Model 6 (p < .001).
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