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General introduction
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With increasing immigration, bilingualism has become part and parcel of the 

everyday lives of many children. For educational practice, the implication is that 

children from a broad range of language backgrounds and abilities enter the formal 

schooling system. Although research indicates that under favourable circumstances 

bilingual children can become balanced bilinguals, especially immigrant children 

seem to have difficulty coping with the language of schooling. As vocabulary at 

the start of kindergarten is an important predictor for later literacy development 

and overall school success, it is of urgent practical interest to disentangle different 

factors influencing bilingual vocabulary development from an early age. Although 

the difficulties of immigrant children in acquiring second-language vocabulary 

are in essence sociologically defined problems, disentangling these sociological 

precursors from individual child factors might contribute to the knowledge needed 

to design better tailored programs and methods of intervention. One of the cognitive 

factors suggested to be a crucial interface between language input and vocabulary 

acquisition is verbal short-term memory. The role of verbal short-term memory in 

vocabulary acquisition, however, is heavily debated, because verbal short-term 

memory performance itself is influenced by language knowledge, and language 

input might therefore ultimately underlie the effect that is attributed to verbal short-

term memory. The complex relation between verbal short-term memory, existing 

language know-ledge and vocabulary acquisition is the subject of the current thesis. 

The study aims to contribute to the understanding of the influences of verbal short-

term memory on vocabulary acquisition, and influences of the home language 

environment on both, by integrating all these aspects in a single longitudinal study 

with young monolingual and bilingual children in the preschool age. Before presenting 

the outline of this thesis and defining its key concepts, this general introduction will 

first provide insight into the demographic background and educational context of 
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Turkish-Dutch immigrant children in The Netherlands, the bilingual children who 

were the subjects of the current study.    

Turkish-Dutch Immigrant Children

In The Netherlands, children from non-Western immigrant communities on 

average lag behind their Dutch peers at school in language subjects as well as 

mathematics, as measured with national curriculum tests (Centraal Bureau voor de 

Statistiek [CBS], 2008). Of special interest are Turkish-Dutch immigrant children, 

who as a group seem to have the most educational disadvantages. At the start of 

primary school, Turkish-Dutch children have the lowest scores on pre-literacy as 

well as pre-mathematics tests compared to native Dutch children and children from 

other immigrant backgrounds. Although they catch-up in mathematics to the level of 

other non-Western immigrant children at the end of primary school, this is not the 

case for language and literacy skills, which are on average 2 years behind those of 

Dutch non-disadvantaged children (Sociaal en Cultueel Planbureau [SCP], 2007), 

and also lower than the level of competence of monolingual children in Turkey (Aarts 

& Verhoeven, 1999). This greatly influences the educational attainment and school 

careers of the children: Although the situation is gradually improving, they still have 

the lowest mean level of secondary education and the amount of Turkish-Dutch 

children that have to repeat or that drop-out of school is substantial (SCP, 2007). 

One of the main reasons for their difficulties at school is that many Turkish-Dutch 

children do not master Dutch sufficiently, which is the main and often only language 

for communication and instruction in almost all Dutch primary schools.    

Demographic Background

With a total of 378.400 people (2.3% of the Dutch population) the Turkish 
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community forms the largest group of non-Western immigrants in The Netherlands 

(CBS, 2008). The first Turks arrived in The Netherlands in the 1960’s when the 

country was in need of immigrant workers and labor migration contracts were formed. 

Since then, immigration continued mostly due to family reunion and marriage with 

partners from the home country. Currently, the relative number of first generation 

Turks is decreasing, and almost 50% of the Turkish-Dutch population are second 

generation, that is, children who are born in The Netherlands with one or both 

parents born in Turkey. The third generation, with both the children and parents born 

in The Netherlands and at least one grandparent born in Turkey, is still small (5000 in 

2007) and mostly under 10 years of age (CBS, 2008). The mean level of education of 

the Turkish-Dutch population is low, with 45% having no education beyond primary 

school and only 6% at the highest level of education. The level of education is 

somewhat higher in the second generation. Most Turkish-Dutch children presently 

attending primary schools in The Netherlands are thus of the second generation and 

come from an on average low socioeconomic background.  

The Turkish-Dutch community has strong in-group ties: Social contacts and 

marriages are for the most part within their ethnic group, and the language used 

for communication is mostly Turkish, a language with low social status in The 

Netherlands. Of all immigrant groups, the Turkish-Dutch immigrants make most 

use of television, magazines and newspapers from their home country, which are 

available in The Netherlands (SCP, 2007; Backus, 2005). Current demographics 

show that 90% of the first and second generation master Turkish at the level that 

they can easily follow a conversation, while 50% have trouble with Dutch, especially 

in the first generation. In the home context, 27% of the parents never speak Dutch 

with their children and 44% sometimes; and between the parents themselves 43% 

never speak Dutch and 43% sometimes (SCP, 2007). The majority of the Turkish-
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Dutch children thus grow up in a primarily Turkish language environment, a language 

that is important for communicative purposes within their community.  

Education

Sometime between their 2nd and 4th birthday, the language situation of most 

Turkish children in The Netherlands switches considerably from mainly monolingual 

to bilingual. In The Netherlands compulsory education officially starts at the age of 

5, but it is very common to already attend the kindergarten department at 4 years of 

age, which approximately 95% of the children, including Turkish immigrant children, 

do. The kindergarten department, which is part of primary school in The Netherlands, 

is free of charge. In the 2 years before kindergarten, Turkish parents are increasingly 

encouraged to use a daycare centre or preschool to prepare their children for primary 

school and enhance their educational opportunities. Attendance has increased over 

the past years, with about 75% of the Turkish-Dutch children making use of some 

form of preschool in 2004 (SCP, 2007). Currently, Dutch is the language of education 

in practically all pre- and primary schools in The Netherlands and classes in the first 

language of the children are not part of the school curriculum any more. In the past, 

first languages were supported in schools as well, but current policy favors second-

language submersion. School enrolment thus often marks a first total immersion in a 

primarily Dutch language environment for the children. Turkish-Dutch children face 

the difficult task of maintaining and expanding their native language to communicate 

with their friends and family, while at the same time having to learn the language that 

is needed to succeed at school.

Within most preschools and kindergartens, special educational programs are 

implemented that are directed at the cognitive development of the children or aim 

to teach parents how to stimulate the development of their child. As part of state 
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policy, disadvantaged children are encouraged to participate, which about 30% of 

the Turkish-Dutch children did in 2004 (SCP, 2007). The effects of these programs, 

however, are still modest (Blok, Fukkink, Gebhardt & Leseman, 2005; Leseman & 

Van Tuijl, 2001; Van Tuijl & Leseman, 2004; Van Tuijl, Leseman & Rispens, 2001). 

In addition, although the majority of teachers have taken courses concerning 

bilingualism or second-language learning, teachers with a high percentage of 

second-language learners in their classroom do not have specific expertise on the 

subject or more classroom assistance available to undertake language activities 

(Mayo & Leseman, 2008). Improving pre- and early school preventive and early 

remediation approaches is thus considered to be a societal issue of high urgency. 

In summary, Turkish-Dutch children are members of an ethnolinguistic minority 

community, with on average low socioeconomic status. They grow up in a primarily 

Turkish language environment, a language with low social status for which there is 

no institutional support in their country of residence. Sometime between their 2nd and 

4th birthday, the children start attending preschool or kindergarten, where they are 

immersed in a Dutch language environment. The special interest in this group follows 

from their delay in Dutch language development compared to native Dutch children 

and children from other immigrant backgrounds at the start of primary school, that 

persist until the end of formal schooling and greatly influences the school careers 

of the children. Disentangling individual cognitive and sociological precursors might 

contribute to the knowledge needed to design better tailored programs and methods.

The Current Study

We studied bilingual Turkish-Dutch immigrant children in comparison to 

monolingual Dutch children, from the moment they entered the kindergarten 
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department of primary school. Both groups of children were followed during their 

kindergarten years, and were tested at three measurement occasions (waves) 

between 2006 and 2008, when they were 4, 5 and 6 years of age. At each wave, 

the children were tested individually at school with a broad set of tests and the 

primary caregivers of the children were interviewed. Only part of the collected data 

are reported in the current thesis. Table 1 gives an overview of the study design, and 

the amount of participating children and primary caregivers. Due to absence from 

school during one of the testing periods, or drop out due to moving away, 1.4%, 0.7% 

and 3.5% of the children could not be tested at Wave 1, 2 and 3 respectively. For 

the primary caregivers, 2.8%, 7.1% and 14.2% of the data were missing at Wave 1, 

2 and 3.

Table 1 Characteristics of the Turkish-Dutch (Turkish) and Dutch Participants at each of the Three 
Waves

Wave 1

02/2006 – 09/2006

Wave 2

02/2007– 06/2007

Wave 3

10/2007– 03/2008

Turkish Dutch Turkish Dutch Turkish Dutch

Mean age children (years) 4.3 4.3 5.2 5.2 6.0 5.9

Children (n) 67 72 69 71 65 71

                      Boys 38 47 40 47 39 47

                      Girls 29 25 29 24 26 24

Primary caregivers (n) 67 70 68 72 68 71

                       Mother 65 63 66 62 65 64

                       Father 0 4 0 8 2 6

                       Mother & father 0 3 0 1 0 1

Aunt 1 0 1 1 1 0

                       Grandmother 1 0 1 0 0 0
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Description of the Sample

The children were recruited through their primary schools. In Rotterdam, an 

industrialized city in The Netherlands, 103 primary schools with a moderate to high 

percentage of ethnic minority children (25-100%) and with Dutch as the language 

of schooling were approached. Thirty-six schools were willing to participate, yielding 

a positive response rate of 35%, which is common for this type of research in The 

Netherlands. The main reason not to participate was expected work load. 

Because we were interested in immigrant children that were being raised 

primarily in the language of their community, the primary caregivers of the children 

were administered a screening questionnaire in order to ensure that the language 

interactions with the target child during mealtime, playing, reading, and daily 

routines, were at least 75% in Turkish in the Turkish-Dutch group and 75% in Dutch 

in the Dutch group. Children with serious developmental delays or medical speech 

or hearing problems were excluded from the study. Despite these restrictions, the 

positive response rate was 69% for the Turkish-Dutch group and 80% for the Dutch 

group. Parental informed consent was obtained for each participating child. 

The demographic characteristics of the participating families were assessed 

with a questionnaire administered to the primary caregivers at Wave 1. Most of the 

primary caregivers in the Turkish-Dutch group were born in Turkey (83%) and on 

average had lived in The Netherlands for 14.7 years (range 0.5-30 years). Most 

participating children were thus of the second generation. In the Dutch group 28% of 

the primary caregivers were born outside of The Netherlands, mostly in the former 

Dutch colonies, living in The Netherlands on average for 19.3 years (range 5-29 

years). The mean educational level of both parents, measured on a scale of 0 (no 

education/primary school) to 6 (university degree) was 2.5 (SD = 1.1, range 1.0-5.5) 

in the Turkish-Dutch group and 4.1 (SD = 1.3, range 1.5-6.0) in the Dutch group. 
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Note that the participating Turkish-Dutch group is representative for the current 

Turkish community in The Netherlands: second generation children with Turkish 

as their home language, coming from on average low socioeconomic backgrounds 

(SCP, 2007).

Most of the Turkish-Dutch children were already exposed to the Dutch language 

before introduction to kindergarten. Most children had attended some form of 

early childhood care and education providing a Dutch immersion context: 88% of 

the Turkish-Dutch group and 90% of the Dutch group on average attended 4 half 

days a week, with no statistically significant difference between the groups. Within 

these preschools, 42% of the Turkish-Dutch children and 44% of the Dutch children 

participated in special educational programs (namely: Kaleidoscoop, Piramide, Puk 

& Co, Startblokken, Samenspel), again with no statistically significant difference 

between the groups. Besides exposure to Dutch in this school environment, the 

children also had older siblings in their home environment who sometimes or always 

communicated in Dutch with them (65% of the Turkish-Dutch children, range 1-4 

siblings, on average 1.6; 31% of the Dutch group, range 1-4 siblings, on average 

1.8). The educational background and Dutch language exposure are thus in line with 

the previously described national figures of Turkish-Dutch children.     

  

Defining Key Concepts

Bilingualism

Although the Turkish-Dutch children in the present study are not simultaneous 

bilinguals, a definition given to children who are exposed to both languages from birth, 

we will refer to them as bilinguals in the current thesis because they have started 

learning their second language at a very young age. It is important to note however, 

that they have first acquired their native language after which a second language 
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is learned, and could therefore also be considered as second-language learners. 

Both terms reflect end points along a continuum, for which no strict cut-off points are 

present. Because bilingualism comes in many forms, the seemingly simple question 

why some bilingual children easily master vocabulary in their second language (or 

third, or..) while others do not, is actually a complex interaction of multiple factors 

relating to the acquisition of both their first language and second language.

Research has indicated that bilingualism in itself can have both positive 

and negative effects. Positive effects have been shown on the level of cognitive 

consequences of dual language processing: Knowledge and skills acquired in the 

first language can be transferred to the second language, knowledge of multiple 

languages increases metalinguistic awareness, and balanced bilinguals have been 

shown to have improved cognitive control due to constantly handling two languages 

simultaneously (e.g. Bialystok 1999; 2007; Bialystok, Craik, Klein & Viswanathan, 

2004; Bialystok, Craik & Luk, 2008; Bialystok & Feng, 2009; Bialystok & Senman, 

2004; Cummins, 1991; Genesee, Paradis & Crago, 2004; Kroll & de Groot, 2005; 

Ransdell & Arecco, 2001; Verhoeven, 2007). However, research has also provided 

evidence for negative, or subtractive, bilingualism (Butler & Hakuta, 2004; Cummins, 

1991), in which case the focus is on language input: Time spent on learning a new 

language takes away time for learning the first language, with reduced quantity and 

quality of input in both languages as a consequence. Especially language minority 

children who grow up in low income families in societies that provide only limited 

support for first language development are at risk for subtractive bilingualism (cf. 

Pearson, 2007; Leseman & Van den Boom, 1999; Genesee et al., 2004). Recent 

studies in our lab with a different sample of Turkish-Dutch immigrant children in 

the same age range, have revealed that both positive and subtractive effects were 

present in this specific bilingual immigrant group (Scheele, Leseman & Mayo, 2010). 
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Vocabulary Acquisition

This thesis will focus on a specific aspect of language development: vocabulary 

acquisition. Although vocabulary by no means covers the rich topic of language 

acquisition, it is well established that vocabulary levels of children in the preschool 

age, the age range of the current study, are very important predictors for later literacy 

development and overall school success (e.g. Stipek, 2001). It is thus of urgent 

practical interest to disentangle different factors influencing vocabulary development 

from an early age.    

Studies have shown that bilingual immigrant children have a lower proficiency in 

each language than monolingual peers have in their language (Aarts & Verhoeven, 

1999; Leseman & Van den Boom, 1999; Oller & Eilers, 2002; Patterson & Pearson, 

2004; Pearson, Fernandez, Lewedeg & Oller, 1997). During the kindergarten period, 

the average level of Turkish-Dutch children’s receptive vocabularies has been 

shown to be higher in Turkish than in Dutch. The level of their Turkish vocabulary 

equals that of native Dutch children from low socioeconomic backgrounds, but their 

Dutch vocabulary level is lower. Enrolment in kindergarten slightly diminishes the 

disadvantage in Dutch vocabulary, but the gap in Turkish vocabulary increases 

(Verhoeven, 2007; Leseman, 2000; Mayo & Leseman, 2008; Scheele et al., 2010; 

Van Tuijl & Leseman 2007). Sometime around the age of eight to ten (Extra, Aarts, 

Van der Avoird, Broeder & Yagmur, 2002), or probably even earlier at six years of age 

as shown by more recent studies (Scheele, Leseman, Elbers, Mayo & Messer, 2010), 

the dominant language of the children changes from Turkish to Dutch. The children 

by then not only have smaller total vocabularies in Turkish compared to Dutch, but 

also their deeper vocabulary  knowledge, the amount and kind of knowledge they 

have of each individual word, is greater in Dutch. However, compared to their Dutch 

peers, this level is low (Verhallen & Schoonen, 1998).    
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Verbal Short-Term Memory

Accumulating evidence from studies with monolingual children seems to indicate 

that verbal short-term memory might be a crucial interface between language input 

and vocabulary acquisition (see for reviews: Baddeley, 2002; Baddeley, Gathercole 

& Papagno, 1998; Gathercole, 2006; Gathercole & Baddeley, 1993). There is 

growing evidence that verbal short-term memory might be a good predictor of 

vocabulary acquisition in bilingual children as well. To date, the predominant view is 

that the capacity of verbal short-term memory is highly heritable and unaffected by 

environmental influences (Gathercole, 2006). The role of verbal short-term memory 

in vocabulary acquisition, however, is heavily debated (see for example: Gathercole 

2006; De Groot & Van Hell, 2005; Thorn & Page, 2009): Verbal short-term memory 

performance itself is influenced by language knowledge, and language input 

might therefore ultimately underlie the effect that is attributed to verbal short-term 

memory. For bilingual children who have acquired one language first after which 

a second language is learned, this difference is crucial. Not one of the studies to 

date investigating the relation between verbal short-term memory and vocabulary 

acquisition, however, have incorporated measures of linguistic input. 

Because the majority of studies investigating the role of verbal short-term 

memory in vocabulary acquisition were based on the working memory model of 

Baddeley and Hitch (1974), it will be used as a theoretical framework in the current 

thesis. Within this model, verbal short-term memory can be seen as part of a larger 

working memory system. Short-term memory, on the one hand, is a term used to 

refer to the ability to hold information in an active representation in memory for a 

short period of time. The term working memory, on the other hand, refers to the 

ability to both hold the information actively in memory for a short period of time and 

simultaneously manipulate this information, and thus encompasses verbal short-
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term memory (Baddeley, 2007; Gathercole & Alloway, 2008). The verbal short-term 

memory component of the model, referred to as the phonological loop, is thought to 

consist of two components: a storage component, where incoming verbal information 

is stored temporarily in a phonological form, and a subvocal rehearsal system that 

refreshes information in the loop in order to prevent decay. Other researchers have 

provided different definitions of verbal short-term memory. In the first chapter of this 

thesis, an overview of theoretical notions will be presented and discussed. Because 

the different terminology used sometimes represent slightly different concepts, the 

term phonological loop will be used when research conducted with the working 

memory model of Baddeley and Hitch as a theoretical background is described. In 

all other cases, the term verbal short-term memory will be used. 

Phonotactic Knowledge

There is increasing evidence that verbal short-term memory is influenced by 

long-term  knowledge (e.g. Coady & Aslin, 2004; Gathercole, Frankish, Pickering & 

Peaker, 1999; Hulme, Maughan & Brown, 1991; Roodenrys & Hinton, 2002; Thorn 

& Frankish, 2005; Thorn & Gathercole, 1999; Thorn, Gathercole & Frankish, 2002). 

The precise source of this long-term memory support is still disputed. Roodenrys 

and Hinton (2002) propose that only lexical-semantic knowledge is used as 

support. However, recent studies have demonstrated that  in addition to lexical-

semantic knowledge, sublexical knowledge of the statistical distribution of phoneme 

clusters in a language, referred to as the phonotactics of that language, is used 

for support (Majerus, Van der Linden, Mulder, Meulemans & Peters, 2004; Thorn 

and Frankish, 2005). It thus seems likely that not only lexical-semantic knowledge, 

but also phonotactic knowledge influences verbal short-term memory. Because the 

influence of long-term phonotactic knowledge on verbal short-term memory has only 
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been demonstrated in an adult population, we will investigate whether this finding 

also holds for young language learners and for children who are learning a second 

language. We hypothesize that this specialized phonotactic knowledge that supports 

native-language acquisition, does not support the acquisition of a second language 

with a different distribution of phoneme clusters, and that this lack of support from 

entrenched phonotactic knowledge of Dutch might be one of the core problems that 

Turkish-Dutch children face when learning Dutch vocabulary. 

Outline of the Thesis

For the Turkish-Dutch children in the present study, reduced linguistic input 

seems a major determiner of their vocabulary disadvantages. Their difficulties in 

learning second-language vocabulary are thus in essence a sociologically defined 

problem. In the current thesis, we will zoom in on a basic cognitive factor, that is 

suggested to be highly heritable and crucial for vocabulary acquisition: verbal short-

term memory. The aim is to determine whether and to what extent linguistic input 

influences this basic language learning mechanism. As such, this thesis will be at the 

heart of a very common discussion in developmental psychology: the nature nurture 

(and interaction between nature-nurture) debate.       

The current study aims to contribute to the understanding of the influences of 

verbal short-term memory on vocabulary development, and influences of the home 

language environment on both, by integrating all these aspects in a single longitudinal 

study with children from diverse linguistic environments. In the following chapters, 

one review study and three empirical studies will be presented. The empirical 

studies were all part of the same longitudinal study conducted with monolingual 

and bilingual preschool children over a period of two years. Chapter 2 provides 

a review of empirical studies to date, that were found in an extensive literature 
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search, investigating the role of verbal short-term memory in vocabulary acquisition 

in bilingual subjects, to answer the question whether verbal short-term memory is 

a crucial interface between language input and vocabulary acquisition in young 

bilingual children. The utility of the concept verbal short-term memory as a predictor 

of vocabulary acquisition will be considered first based on findings with monolingual 

children, as a theoretical background to interpret the findings with bilingual children. 

As such, this review will provide the main theoretical framework of the thesis. One 

of the main arguments of the review, is that the question whether verbal short-term 

memory is a crucial interface between language input and vocabulary acquisition is 

highly dependent on the precise definition of verbal short-term memory itself. It will 

show that research to date has not used very “pure” measures of verbal short-term 

memory, but measures confounded with long-term phonotactic knowledge. These 

two components together have been shown to be very predictive of vocabulary 

acquisition in monolingual and bilingual children. From this review, it is concluded 

that the relative impact of each of these is an important question for future research. 

To that end, Chapter 3 investigates whether long-term phonotactic knowledge indeed 

influences verbal short-term memory in young bilingual children, and whether it is 

related to vocabulary. This empirical study is based on the data of the first wave, 

and involves both the Turkish and Dutch language. Chapter 4 follows up on the 

development of verbal short-term memory over the next two years. The Dutch verbal 

short-term memory data of Wave 1, 2 and 3 are analyzed with longitudinal growth 

modelling to investigate whether more pure measures of verbal short-term memory 

show developmental improvement over time, or whether the development of verbal 

short-term memory is mainly determined by long-term (phonotactic) knowledge. In 

Chapter 5the predictive value of different measures of verbal short-term memory, 

tapping more pure verbal short-term memory, additional long-term phonotactic 
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knowledge and additional lexical-semantic knowledge, for vocabulary acquisition is 

investigated with longitudinal growth modelling. Moreover, it investigates the role of 

the linguistic environment in verbal short-term memory performance, a question that 

has not been addressed in any of the studies to date. Chapter 6 presents a general 

discussion of the results of the foregoing studies, together with limitations of this 

thesis, suggestions for future research and practical implications of the results.
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Abstract

Studies with monolingual children have shown that verbal short-term memory 

might be a crucial interface between language input and vocabulary acquisition. The 

aim of this paper is to provide a review of empirical studies, to answer the question 

whether this holds for bilingual children as well. The review shows that this question 

is susceptible to a complex circular argument, due to the reciprocal relation between 

the two concepts: Verbal short-term memory is a good predictor of vocabulary 

acquisition of both monolingual and bilingual children, but the development of verbal 

short-term memory itself seems to be driven by long-term language knowledge 

support, an effect found for monolingual as well as bilingual populations. It is 

concluded that exact definitions of verbal short-term memory are crucial, especially 

for research with bilinguals. The short-term representation of completely novel 

phonological information in correct serial order and the reliance on knowledge of 

the statistical distribution of phoneme clusters in a language, so called phonotactic 

knowledge, have not been clearly discerned in research. In combination the two form 

important predictors of vocabulary acquisition in monolingual and bilingual children. 

The importance of disentangling these predictors in future studies, following their 

development in longitudinal designs, and investigating the influence of the linguistic 

environment on verbal short-term memory performance, is emphasized. 

Introduction

An extensive body of research with monolingual children has established that 

children’s early vocabulary is strongly related to the quantity and quality of language 

experiences in the home environment (see Hoff, 2006, for a review). In turn, this 

variation of language input is strongly related to variables such as sociocultural 

background, socioeconomic status (SES) and ethnicity; i.e. the vocabulary of 
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children growing up in less favorable circumstances, such as low-SES families for 

example, develops at a lower pace. Studies with bilingual children have found similar 

results, revealing language-specific relations between input and vocabulary (e.g. De 

Houwer, 2007; Duursma et al., 2007; Hoff, 2009; Oller & Eilers, 2002; Patterson, 

2002; Patterson & Pearson, 2004; Pearson, Fernandez, Lewedeg & Oller, 1997; 

Scheele, Leseman, Elbers, Mayo & Messer, 2010; Scheele, Leseman & Mayo, 

2010). In addition to the aforementioned learning opportunities provided in the home 

context, studies in preschools and kindergartens show that characteristics of the 

classroom as well as quantity and quality of classroom language activities affect 

the further expansion of children’s vocabulary during the initial period of schooling 

(Huttenlocher, Vasilyeva, Cymerman & Levine, 2002; Mayo & Leseman, 2008; 

Pianta, La Paro, Payne, Cox & Bradley, 2002; Smith & Dickinson, 1994). Together, 

these studies have revealed strong relationships between input and growth of 

vocabulary, stressing the crucial role of the language environment.

However, less is known about the determinants of early arising individual 

differences in language skills within these social classes. Why do some children 

more easily learn a (second, or third, or..) language than others? Accumulating 

evidence from studies with monolingual children seems to indicate that the cognitive 

ability referred to as verbal short-term memory might be a crucial interface between 

language input and vocabulary development (see for reviews: Baddeley, 2002; 

Baddeley, Gathercole & Papagno, 1998; Gathercole, 2006; Gathercole & Baddeley, 

1993). The main question addressed in the current review is whether verbal short-term 

memory is an essential interface for the vocabulary development of bilingual children 

as well. The role of verbal short-term memory in vocabulary development, however, 

is heavily debated (see for example: De Groot & Van Hell, 2005; Gathercole, 2006; 

Thorn & Page, 2009): Verbal short-term memory performance itself is influenced 
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by language knowledge, and language input might therefore ultimately underlie 

the effect that is attributed to verbal short-term memory. Therefore, the utility of the 

concept verbal short-term memory as a predictor of vocabulary development will 

be considered first based on findings from monolingual children, as a background 

to interpret the findings with bilingual children. The review will focus on children 

in the preschool age, because many bilingual children all over the world are first 

confronted with their second language within this period. Because the majority of 

studies investigating the role of verbal short-term memory in vocabulary acquisition 

were based on the working memory model of Baddeley and Hitch (1974), it will be 

presented as a theoretical framework for verbal short-term memory. Subsequently, 

an overview of relevant studies with monolingual children in the preschool age will 

be provided, divided into verbal short-term memory development and the relation 

between verbal short-term memory and vocabulary development. Then, possible 

influences of genetic and environmental factors on verbal short-term memory 

performance will be explored. And finally, all studies to date investigating verbal short-

term memory in bilinguals, and the relation with bilingual vocabulary development 

will be reviewed and interpreted based on these theoretical insights. 

Working Memory Model

Verbal short-term memory can be seen as part of a larger working memory 

system. Short-term memory, on the one hand, is a term used to refer to the ability 

to hold information in an active representation in memory for a short period of time. 

The term working memory, on the other hand, refers to the ability to both hold 

the information actively in memory for a short period of time and simultaneously 

manipulate this information, and thus encompasses verbal short-term memory 

(Baddeley, 2007; Gathercole & Alloway, 2008). Working memory is used during all 
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sorts of everyday complex cognitive activities. For instance, when trying to solve a 

mathematical problem like ‘150 / 4 = ?’, both numbers have to be remembered, the 

division calculated, and intermediate steps during the calculation remembered and 

eventually added up. Or, when reading a sentence in a foreign language, a word 

might have to be looked up in a dictionary and the meaning held in memory for a 

short time while reading the sentence again. 

One of the first models of working memory, still very influential to date, is the 

working memory model of Baddeley and Hitch (1974). This model (see Figure 

1) specifies a central executive which coordinates so called slave systems, the 

short-term memory components of the model. The central executive is seen as an 

attentional control system, itself incapable of storage, but responsible for the control 

 Central Executive

Visuo-Spatial

Sketchpad

Episodic

Buffer

Phonological

Loop

Subvocal
 rehearsal

Long Term Memory

Figure 1. The working memory model of Baddeley and Hitch (1974; Baddeley, 2000)
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and coordination of the slave systems, the focusing and switching of attention, and the 

search and temporary activation of representations in long-term memory (Baddeley, 

1996). Note that the term central executive shows strong conceptual overlap with 

the terms attention and executive functions (Baddeley, 2007). In the slave systems, 

information is processed and stored for short periods of time according to their 

specific domain: The phonological loop is the component where speech-based, or 

phonological information, is stored, while the visuospatial sketchpad stores visual, 

spatial, and possibly kinesthetic information. The phonological loop is thought 

to consist of two components: a storage component and a subvocal rehearsal 

mechanism. Incoming verbal information is stored temporarily in a phonological form 

in the store, where the memory trace decays in about two seconds if not rehearsed, 

hence the name trace decay model. In the subvocal rehearsal mechanism, verbal 

information is rehearsed (out loud or silently) as a strategy to prevent decay of the 

memory trace. In addition, the subvocal rehearsal mechanism is used to convert 

visually presented stimuli, such as written words or pictures, in a phonological code 

by articulating the material. A final component recently added to the model and 

less clearly defined is the episodic buffer, a binding mechanism where information 

from different domains (e.g. phonological, visual) and from long-term memory can 

be integrated and temporarily stored (Baddeley, 2000). This structure of working 

memory has been found to be already in place in children between 4 and 6 years of 

age (Alloway, Gathercole & Pickering, 2006; Alloway, Gathercole, Willis & Adams, 

2004).

For the present purpose, we will elucidate some aspects of the working memory 

model. First, short-term memory is not modelled as a unitary system, but rather 

as a multimodal system; i.e. consisting of subsystems for different modalities. The 

implication that follows from this assumption is that simultaneously performing two 



33

Verbal short-term memory and vocabulary: a review

verbal tasks will be more difficult than performing a verbal task together with a 

visual task, for example (Alloway et al., 2006). Second, all subsystems of the model 

are thought to have their own limited capacity, because the amount and duration 

of temporary activation is limited. These capacities can differ between each of the 

subsystems within individuals, and between individuals. Some people, for example, 

might be able to remember a larger sequence of digits than others, but may have 

more difficulty with remembering visual patterns. Moreover, each subsystem can 

be independently impaired due to brain damage or developmental disorders. Third, 

the model was principally designed as a functional model based on behavioural 

results, but some of the underlying neuroanatomy has since been identified. The 

visuospatial sketchpad mainly relies on the right hemisphere (Brodmann areas 6, 19, 

40 and 47), the phonological store is thought to be located in the temporo-parietal 

region of the left hemisphere (supra-marginal gyrus) and the subvocal rehearsal 

mechanism in Broca’s area in the frontal lobe. The central executive is closely linked 

to the prefrontal cortex, but it may be that other areas of the brain are involved as 

well. Although the frontal cortex is expected to be important for the episodic buffer as 

well, the episodic buffer is thought to depend on synchronous firing and not to have 

a single unitary anatomical location (Baddeley, 2000). Fourth, the model proposes a 

dichotomy between a limited-capacity short-term memory, depending on temporary 

activation lasting for seconds or minutes only, and an unlimited long-term memory 

referring to more stable and durable memory representations lasting for hours, 

days or a lifetime. Working memory is not seen as merely the activation of (part of) 

long-term memory. Independent from the question whether they reside in the same 

brain structure or represent strongly communicating structures, the two systems are 

proposed to be functionally separate (Baddeley, 2007; Baddeley & Logie, 1999). 

This much debated dichotomy (see Thorn & Page, 2009, for an overview of current 
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perspectives), is amongst others based on neuropsychological data from brain-

damaged patients who either have short-term memory problems but intact long-term 

memory or vice versa (Baddeley, 2007). 

There are many other models of working memory, that differ in emphasis or 

view on (some of) the aspects mentioned above (see Miyake & Shah, 1999, for a 

comprehensive overview of working memory models). Two models are important 

for the present purpose. First, the embedded-processes model of Cowan (1999, 

2005) more strongly emphasizes and elucidates the role of attention in working 

memory, deliberately avoiding to make use of the idea of prespecified domains and 

their possible differences (verbal, visuospatial, but possibly also tactile, nonverbal 

sounds, etc.), and instead focusing on common processes of the entire system. 

According to this theory, working memory comprises all cognitive processes that 

keep information in a temporarily accessible state to enable thinking: long-term 

memory, an activated subset of long-term memory (short-term memory) and a 

further subset of activated information that is in the focus of attention or conscious 

awareness. Information in the focus of attention, directed voluntarily by the central 

executive (effortful processing) or more automatically in the case of salient stimuli 

(effortless processing; orienting response), is activated more intensively resulting 

in more complete and stable memory representations. Second, other researchers 

provide a more narrow definition of short-term memory, stating that the difference 

between short-term memory and working memory is that the latter requires controlled 

attention while the former does not. According to this theory, the controlled attention 

required in working memory tasks is domain free, limited in capacity, and similar 

to general fluid intelligence, both being dependent on the prefrontal cortex (Engle, 

Kane & Tuholski, 1999; Kane & Engle, 2002; see Martin & Hamilton, 2007, for critical 

remarks).         
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With these working memory models in mind as a theoretical background, what do 

we know about the relation between working memory and vocabulary development? 

Of particular interest is the phonological loop component of the working memory 

model of Baddeley and Hitch, also referred to as phonological working memory, 

phonological short-term memory or verbal short-term memory. Because the 

different terminology used sometimes represent slightly different concepts, the term 

phonological loop will be used when research conducted with the working memory 

model of Baddeley and Hitch as a theoretical background is described. In all other 

cases, the term verbal short-term memory will be used.   

The Development of Verbal Short-Term Memory and Vocabulary in Monolingual 

Children

Before detailing the relation of verbal short-term memory with vocabulary 

acquisition in monolingual preschool children, mechanisms behind verbal short-

term memory development will be considered first to highlight potential sources of 

individual differences between children. 

Verbal Short-Term Memory Development in Monolingual Children

During childhood, the performance on tasks used to measure verbal short-term 

memory improves significantly, as is shown by large cross-sectional studies covering 

the age range of 4 to 15 years (Alloway et al., 2006; Gathercole, Pickering, Ambridge 

& Wearing, 2004). Children are able to remember increasingly longer sequences of 

digits (digit span) or unrelated words (word span), from two to three items at the age 

of 4 to around six items when they are 12 years old (Gathercole, 1998). In literature 

reviews, different mechanisms have been put forward to explain the growth, deriving 

from the different processes involved in the repetition, recognition or serial recall of 
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verbal material (see for reviews: Cowan & Alloway, 2008; Gathercole, 1998, 1999). 

Traditionally it was thought that the developmental increase in memory span 

could be entirely explained by the growth in articulation rate, that plays a crucial role 

in the phonological loop component of the working memory model of Baddely and 

Hitch. Because adults articulate more rapidly than younger children, the speed of 

subvocal rehearsal, taking place in real time, increases and as a result the number 

of memory traces that can be refreshed in the phonological store (Hulme, Thomson, 

Muir & Lawrence, 1984). Since there are indications that the subvocal rehearsal 

strategy is used only from the age of 7 years onwards (Baddeley et al., 1998), this 

mechanism can not explain the substantial growth in memory performance over 

the first years of life. An alternative way in which growth in articulation rate might 

influence the retention of verbal material in younger children as well, is during the 

response period. In that case, a measure of spoken duration of each word during 

recall is taken, instead of measuring the number of words a child can repeat as fast 

as possible per second as a measure of rehearsal speed (Cowan et al., 1994, 1998; 

Henry, 1991). It has been suggested that memory span might also increase because 

the rate of decay of memory traces decreases as children get older (Cowan, Nugent, 

Elliott & Saults, 2000; Gomes et al., 1999). Although the working memory model 

of Baddeley and Hitch assumes that the rate of decay is about 2 seconds in all 

individuals and does not change across age, behavioural and electrophysiological 

studies have shown a developmental change in the duration of auditory sensory 

memory (Cowan et al., 2000; Gomes et al., 1999). Another suggested mechanism 

that remains a point of debate is the growth of capacity with maturation, defined as 

the number of units that can be held active at one time (Cowan & Alloway, 2008).  

Besides the aforementioned mechanisms that are part of the phonological 

loop component of the working memory model of Baddeley and Hitch, mechanisms 
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outside the conceptual phonological loop can also influence performance on tasks 

that are commonly used to measure verbal short-term memory. Research with adults 

has shown that even in simple verbal short-term memory tasks such as remembering 

a sequence of letters, part of the prefrontal cortex is activated when the sequence 

exceeds the capacity of the subject (Rypma, Prabhakaran, Desmond, Glover 

& Gabrieli, 1999). Activation in the prefrontal cortex is associated with executive 

functions, such as focusing of attention, inhibition of irrelevant information, task 

monitoring, maintaining a goal, and up-dating (Smith & Jonides, 1999). In terms 

of the working memory model of Baddeley and Hitch, this would imply that the 

central executive is even involved in simple storage tasks, and according to the 

previously described alternative working memory model of Kane and Engle (2002) 

that the task is tapping working memory in this case and not short-term memory. The 

prefrontal cortex starts to develop around 1 year of age and shows maturation until 

adolescence (e.g. Diamond & Goldman-Rakic, 1989; Giedd et al. 1999; Gogtay et 

al. 2004), and might thus increasingly aid performance on verbal short-term memory 

tasks. However, the perhaps most powerful mechanism of growth that is proposed 

is the use of knowledge representations in long-term memory to support short-term 

storage (Roodenrys, Hulme & Brown, 1993).

There is increasing evidence that young monolingual children’s short-term 

memory is indeed influenced by different types of long-term knowledge. First, 

memory performance is superior for words over nonexisting words (nonwords), even 

when articulatory durations are identical (Hulme, Maughan & Brown, 1991). This 

well established lexicality effect shows that lexical-semantic knowledge is used to 

support short-term memory for words; a support that is not, or to a lesser degree, 

present for nonwords. Second, verbal short-term memory performance is better for 

words with a high frequency of occurrence in a specific language compared to low 
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frequency words, an effect referred to as the word frequency effect (Majerus & Van 

der Linden, 2003). Third, the word-likeness effect indicates that nonwords rated 

by native speakers as sounding language-like are recalled better than language-

unlike nonwords (Gathercole, Frankish, Pickering & Peaker, 1999). The same holds 

for statistical measures of wordlikeness: Nonwords constructed of highly frequent 

phoneme clusters are recalled better than nonwords constructed of infrequent 

phoneme clusters, an effect found with children as young as 3.6 years of age (Coady & 

Aslin, 2004; Roodenrys & Hinton, 2002; Thorn & Frankish, 2005). The precise source 

of these long-term memory influences on nonword recall has been disputed based on 

results from studies with adult participants. Roodenrys and Hinton (2002) propose that 

only lexical-semantic knowledge can support verbal short-term memory, also in the 

case of nonword recall. According to them, even though there are no representations 

of nonwords in the mental lexicon, support could come from known real words that 

are highly similar to the nonword but that differ in one phoneme, so called neighbor 

words. However, in a recent study Thorn and Frankish (2005) demonstrated that 

in addition to lexical-semantic knowledge, sublexical knowledge of the statistical 

distribution of phoneme clusters in a language, referred to as the phonotactics of 

that language, is used for support. When controlling for neighborhood size in a more 

precise way than Roodenrys and Hinton (2002) did, nonwords composed of highly 

frequent phoneme clusters were recalled better than those consisting of infrequent 

clusters. Furthermore, a study using incidental phonotactic learning showed that 

nonwords following the phonotactic rules of a previously learned artificial language 

were recalled better than nonwords illegal to this artificial language (Majerus, Van 

der Linden, Mulder, Meulemans & Peters, 2004). It thus seems likely that not only 

lexical-semantic knowledge, but also phonotactic knowledge influences verbal short-

term recall. However, the latter studies were conducted with adults only, leaving 
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open the question whether the same results would be found for young children with 

less developed language networks. 

There are different views on how these long-term knowledge influences on short-

term recall might work. According to the probabilistic model of redintegration (Brown 

& Hulme, 1995; Hulme et al., 1991; Hulme et al., 1997), encoded memory traces 

in the phonological store that degrade during recall are repaired with automatically 

retrieved lexical or phonological representations from long-term memory. The 

information in the trace is compared to information in long-term memory, and when 

the patterns match, the degraded memory trace is reconstructed. Phonological 

representations of highly frequent words are more accessible in long-term memory 

than infrequent words or nonwords, making their process of reconstruction more 

successful. A slight modification of this account proposes that there are multiple 

mechanisms operating at different stages (Thorn, Frankish & Gathercole, 2009; 

Thorn, Gathercole & Frankish, 2005). According to this view, lexical knowledge (and 

related word frequency) indeed influences short-term memory via redintegration, 

a process taking place after storage during the retrieval stage, but phonotactic 

knowledge has its influence at an earlier stage during encoding and/or storage, by 

determining the strength of the initial memory trace. This memory trace is conceived 

of as a pattern of activation across a network with nodes representing phonological 

units. In both views, a dichotomy is made between short-term memory and long-term 

memory, in line with the working memory model of Baddeley and Hitch. In the latter 

view, however, it is not clear how to interpret phonotactic knowledge support within 

this dichotomy. The description seems to suggest that phonotactic knowledge forms 

an integral part of the phonological loop, making it difficult to conceptualize a “pure” 

phonological loop free from long-term memory influences. 

The influences of long-term knowledge on short-term recall are conceptually 
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more easy to interpret in theories postulating that there is no dichotomy, and that 

short-term memory is the activated portion of long-term memory, such as the 

previously described embedded-processes model of Cowan (Cowan, 1999; 2005). In 

this model, long-term knowledge necessarily influences short-term recall, with every 

type of knowledge exerting its influence during the encoding/storage phase. In a 

similar vein, Martin (2009) proposes that verbal short-term memory is not a separate 

system, but an emergent property of the temporary activation of phonological, 

lexical, and semantic representations in the language network. Note that in these 

models, verbal short-term memory comprises not only the temporary representation 

of phonological information, as is the case in the phonological loop component of 

the working memory model of Baddeley and Hitch, but also other types of language 

knowledge.    

Recently, two cross-sectional studies have even suggested that the developmental 

increase in verbal short-term memory performance can be entirely explained by 

long-term knowledge influences, and that the capacity of the phonological loop 

and rate of decay are stable and do not increase over time (Jones, Gobet & Pine, 

2007; Ottem, Lian & Karlsen, 2007). Longitudinal studies with carefully constructed 

stimuli building up in the amount of long-term knowledge that can be used as support 

(e.g. nonwords with low phonotactic probability, nonwords with high phonotactic 

probability, and words) and thereby disentangling the development of a more pure 

phonological loop capacity from different types of long-term knowledge are needed 

to test this hypothesis. Nevertheless, it can be tentatively concluded that the growth 

of short-term memory performance is influenced considerably by the rapid growth of 

language knowledge in young children. 

The link between long-term memory and short-term memory is not unidirectional, 

rather, the influences seem to be reciprocal: The phonological loop is not only 
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important for short-term storage, but also seems to play a key role in long-term 

phonological learning, an important aspect of vocabulary acquisition.

Verbal Short-Term Memory and Vocabulary Development in Monolingual Children

Based on extensive overviews of multiple studies, Gathercole and colleagues 

conclude that the phonological loop can be seen as a “language learning device” 

(see for reviews: Baddeley, 2002, 2003; Baddeley et al., 1998; Gathercole, 

2006; Gathercole & Baddeley, 1993). They propose that short-term storage of 

new phonological input supports long-term phonological learning. After multiple 

exposures, the structure of the phonological form is gradually abstracted from the 

short-term representation and consolidated in long-term memory. According to their 

theory, a child with greater basic capacities to store new phonological information 

will need fewer exposures to learn the word (consolidate the word in long-term 

memory), and will make less mistakes during the process. Indeed, a number of 

studies with monolingual children, from as young as 20 months of age, showed that 

individual differences in the capacity of the phonological loop predict vocabulary 

acquisition (e.g. Baddeley et al., 1998; Gathercole, 2006; Gathercole, Service, Hitch, 

Adams & Martin, 1999; Gathercole, Willis, Emslie & Baddeley, 1992; Hoff, Core & 

Bridges, 2008; Majerus, Poncelet, Greffe & Van der Linden, 2006). Measures of 

phonological loop capacity, like digit recall or recall and repetition of nonwords, have 

been found to strongly correlate not only with vocabulary knowledge, but also with 

other aspects of language development, such as mean length of utterances and 

syntactic diversity (Adams & Gathercole, 2000). In addition, neuropsychological 

patients with phonological loop deficits have problems with long-term phonological 

learning (Baddeley, Papagno & Vallar, 1988) and children diagnosed with Specific 

Language Impairment (SLI) perform poorly on tasks that are commonly used to 
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measure phonological loop capacity (Graf Estes, Evans & Else-Quest, 2007). The 

phonological loop is therefore conceived of as a necessary “gateway” through which 

phonological information must pass in order to access long-term memory.  

The phonological loop is thought to be most important during the early stages 

of vocabulary learning, shifting to long-term knowledge mediated word learning 

in later stages. This was shown by a longitudinal study following children from 

4- to 8-years of age, where the relationship between verbal short-term memory 

and vocabulary development was found to be reciprocal, and the cross-lagged 

correlations from the verbal short-term memory measures to vocabulary scores 

were stronger in the beginning of the study, while the reversed correlations were 

stronger in the end (Gathercole et al., 1992). Moreover, children who had been 

identified as having poor phonological loop capacity when they were 5 years old, 

still developed normal vocabulary levels at eight years of age. Apparently, with 

enough exposure to a language, stable long-term phonological representations 

could be formed (Gathercole, Tiffany, Briscoe, Thorn & The ALSPAC Team, 2005). 

In addition, the children could easily remember meaningful prose and word lists, for 

which conceptual knowledge and semantic associations could be used as support. 

However, when they had to learn novel phonological material for which no long-term 

memory support (defined as semantic, visual or phonological) was present, they 

did show difficulties (Gathercole, Briscoe, Thorn, Tiffany & ALSPAC Study Team, 

2008). The authors concluded that when long-term knowledge can facilitate a certain 

learning task, a child will capitalize on this knowledge and circumvent the reliance on 

the limited-capacity phonological loop. 

It has been questioned whether the relation between nonword repetition 

performance and vocabulary development is actually mediated by verbal short-term 

memory (Bowey, 2001; Metsala, 1999). Nonword recall, repetition or recognition 
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are tasks often used to measure verbal short-term memory capacity because the 

non existing words resemble the learning of newly encountered words for which no 

lexical representations are available yet. Nonwords constructed of frequent phoneme 

clusters most closely resemble newly encountered words within the particular 

language on which the frequency counts were based. According to the lexical 

restructuring hypothesis, the development of vocabulary drives the restructuring 

from more holistic lexical representations to sublexical phonemic representations. 

Larger vocabularies thus result in better established phoneme representations, 

thereby improving phonological processing ability, which then underlies nonword 

repetition. Metsala (1999) showed that after statistically controlling for phonological 

awareness, taken as a measure of lexical restructuring, nonword repetition did 

not explain additional variance in the vocabularies of 4 to 6 year old children. In a 

longitudinal study, Bowey (2001) replicated these results in 4 year old children, but 

when predicting vocabulary 1 year later nonword repetition did explain additional 

variance over and above phonological awareness, leading to the conclusion of a 

reciprocal association between nonword repetition and vocabulary development. 

The discussion seems to be a circular argument, depending on how verbal short-term 

memory is defined (i.e. with or without phonological and phonotactic knowledge), what 

theoretical viewpoint is held in the debate on the dissociation between short-term- 

and long-term memory, and what measures of verbal short-term memory capacity 

(that is, nonwords with low phonotactic probability or high phonotactic probability) 

and phonological processing are consequently applied. The lexical restructuring 

hypothesis highlights the importance of phonological knowledge influences on 

short-term memory performance, and can be placed in line with theories postulating 

that short-term memory is nothing more than the temporary activation of language 

representations in long-term memory. These theories implicitly seem to suggest that 
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verbal short-term memory is not a separate and necessary gateway through which 

new words must pass in order to access long-term memory.   

A relatively new idea in this field is that both directions of influence between 

verbal short-term memory and long-term memory can be integrated in a single 

model. Based on experimental, neuropsychological and neuroimaging data, Majerus 

(2009) provides an integrated model incorporating both directions of influence, and 

not restricting language knowledge to phonological information only, as is the case 

with the phonological loop component of the working memory model of Baddeley 

and Hitch. According to his model, a large part of storage in verbal short-term 

memory is the temporary activation of language representations, referred to as item 

information, at different levels of language knowledge: phonological, lexical and 

semantic, each with their specific rate of decay. Thus, there is a close relationship 

between short-term memory and language processing, with the same brain areas 

involved. However, Majerus proposes that an additional critical component of verbal 

short-term memory is the encoding of sequence information, that is, the serial 

and temporal order of items. This separate system, with a separate anatomical 

location, registers the sequence of activations at each of the levels of language 

representations. An additional attentional modulator, comparable to the embedded-

processes model of Cowan (Cowan, 1999; 2005), is proposed to selectively 

“energize” each of the systems. In a related computational model, Gupta (2009; 

Gupta & Tisdale, 2009) elucidates how learning might work in the item and order 

information systems. Within the language network, the different levels of knowledge 

are bidirectionally connected; a node at the lexical level, for example, is connected 

with nodes at the phonological level. The connection weights are gradually adjusted 

following each word processing event using a Hebbian learning algorithm, leading to 

stable long-term representations. In a similar vein, the connection weights between 
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the serial ordering mechanism and the representations at each of the linguistic levels 

are adjusted through Hebbian learning. Both kinds of information, item and order 

information, have been shown to be independently related to new word learning 

(Majerus et al., 2006; Mosse & Jarrold, 2008), and each might have a different 

developmental trajectory (Majerus, 2009). The relation between order information 

and vocabulary development is possibly not restricted to the verbal domain, the 

retention of order in a visuospatial task has been shown to be related to vocabulary 

development as well (Mosse & Jarrold, 2008). Initially, the learning of new words 

is strongly dependent on the short-term retention of the correct serial order of the 

sequence of phonemes, but this dependence decreases when stable long-term 

representations are formed between the phoneme nodes and the new lexical node. 

The connections between order and item information at the phonological level is 

what constitutes phonotactic knowledge. It thus appears that phonotactic knowledge 

is particularly important during the early stages of word learning.

The ability to represent completely new phonological information in correct serial 

order and long-term phonotactic knowledge have not been clearly distinguished in 

research to date; it is for example not always clear whether phonotactic knowledge 

forms an integral part of the proposed phonological loop. The nonwords used to 

measure phonological loop capacity are often nonwords with high phonotactic 

probability, and all studies employed monolingual children, who had received 

extensive exposure to the language in question, at least enough exposure to have 

developed entrenched phonotactic knowledge by the preschool age. Gradually 

learned phonotactic knowledge might therefore also be an essential building block 

in new word learning. The crucial difference between the two is that the ability to 

represent completely novel phonological information in the correct serial order might 

be considered as a neurobiological factor, while the development of phonotactic 
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knowledge seems highly dependent on input, and thus the linguistic environment 

of the child (Chambers, Onishi & Fisher, 2003; Dell, Reed, Adams & Meyer, 2000; 

Onishi, Chambers & Fisher, 2002).

Genetic and Environmental Influences on Verbal Short-Term Memory

Only few studies have investigated whether the (linguistic) environment 

influences verbal short-term memory capacity. The most predominant view to date is 

that the phonological loop can best be seen as a fluid cognitive skill, largely unaffected 

by environmental influences and highly heritable, that is, an innate language learning 

device (Gathercole, 2006). Indeed, a study comparing minority groups to majority 

groups in the United States, both speaking English in the home environment, 

revealed differences in language skills, but not in nonword repetition (Campbell, 

Dollaghan, Needleman & Janosky, 1997). Similar results were obtained in a study 

comparing monolingual Brazilian children from low-income families to children of 

higher SES (Engel, Santos & Gathercole, 2008). Apparently, the different social 

environments of the children did not influence nonword repetition performance. The 

children in both these studies were monolingual children, however, and only distal 

family factors were compared; detailed measures of language input patterns in the 

home environment were not available. Most probably, these children had received 

extensive exposure to the language in question, at least enough exposure to have 

developed entrenched phonotactic knowledge. In addition, the nonwords used 

were nonwords with high phonotactic probability, and therefore perhaps not a pure 

measure of phonological loop capacity, but a measure representing their phonotactic 

knowledge as well. Although part of Gathercole’s assumption is confirmed by large 

twin studies with 4-year-olds, showing that genetic processes underlie a wide range 

of language skills from vocabulary to nonword repetition, these studies have also 
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shown that environmental processes similarly underlie these skills (Hayiou-Thomas 

et al., 2006; Kovas et al., 2005). Individual differences in the repetition of nonwords 

with high phonotactic probability could be explained by moderate genetic influences 

(41%), small influences of shared environments (9%) and moderate influences of 

nonshared environments (50%) (Kovas et al., 2005). Although linguistic activities in 

the home environment might be similar for both children of the twin pair and therefore 

best represented by the shared environment factor, the differential interactions with 

each child and thus the gene-environment interactions are estimated in the nonshared 

factor (e.g. Dickens & Flynn, 2001). Taken together we conclude that there are strong 

indications of environmental influences on nonword repetition performance, at least 

for nonwords with high phonotactic probability. In addition, SES has been shown 

to influence digit- and word-recall, other measures that are often used to represent 

phonological loop capacity (Herrmann & Guadagno, 1997). Moreover, in a recent 

review of research it was concluded that SES shapes the developing brain and is 

an important predictor of a wide range of neurocognitive functions, including verbal 

working memory (Hackman & Farah, 2009). In conclusion, it is too early to state 

that the phonological loop is entirely heritable and free of environmental influences. 

The ability to represent completely novel phonological information and phonotactic 

knowledge need to be disentangled in future research, and related to detailed 

measures of language input in the child’s environment. 

Recapitulating, a final issue to be resolved is whether verbal short-term 

memory or the phonological loop are useful concepts as predictors of vocabulary 

development, that is, whether they are a crucial interface between language input 

and what is learned from the input. If the phonological loop is defined as the ability 

to represent completely new phonological information, for which perhaps the 
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representation of order is the most crucial aspect, it can be assumed that there 

are individual differences in this ability and that this ability predicts vocabulary 

development to some extent, especially in the early stages of word learning. To 

date, it is not clear whether this ability is highly heritable, and whether it shows 

maturation or developmental improvement over the childhood years. When a child 

has been exposed to a language to some extent, knowledge of that language 

gradually develops and different types of language knowledge can be used as 

support in representing new words in that particular language of input. Verbal short-

term memory by that time is broader than the representation of novel phonological 

information only, rather, it includes phonotactic, lexical and semantic knowledge, 

and closely resembles the language network. The development of verbal short-

term memory in this broader definition is thus influenced considerably by growing 

language knowledge, and might therefore be highly dependent on language input. 

In other words, mutually reinforcing processes are taking place. For children who 

receive less linguistic input in a particular language, this would imply that the crucial 

interface between language input and what is learned from the input is less efficient, 

constituting a cumulative risk. The question arises what will happen when a child has 

acquired knowledge of a first language and subsequently learns a second language, 

as is the case with many bilingual children.         

The Development of Verbal Short-Term Memory and Vocabulary in Bilingual 

Children

In the following sections studies with bilingual children will be discussed, divided 

into studies with one measurement occasion investigating possible mechanisms 

that might influence verbal short-term memory development, longitudinal and cross-
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sectional studies following the development of verbal short-term memory, and 

studies focusing on verbal short-term memory in relation to vocabulary development. 

A broad definition of verbal short-term memory was used in selecting the studies, 

including studies using simple short-term storage paradigms (recognition or recall) 

with every type of auditory or verbal material. Studies using language processing 

paradigms without a storage component, or using complex verbal working memory 

tasks requiring both storage and processing, were not included. Because we were 

interested in the role of verbal short-term memory in vocabulary development 

specifically, studies particularly focusing on the relation with grammar or reading 

acquisition were excluded, except when verbal short-term memory was measured 

at multiple occasions or when verbal short-term memory was compared between 

different groups. Since there were few studies specifically investigating these 

issues in bilingual children in the preschool age, studies with subjects across all 

ages ranging from fluent bilingual to novice second-language learner (learning 

the language in a second language course or in an experimental word learning 

paradigm) will be considered. Studies with deaf children learning sign language, or 

studies investigating the role of working memory in simultaneous interpreting were 

not included.  

The literature search was conducted for all studies published until December 

2009. In a computerized search of the databases PsychINFO and ERIC (Educational 

Resources Information Center), the following keywords were used: “biling*, second 

language, L2, foreign language, SLA, cross language, cross linguistic or language 

specific” in combination with “working memory, short term memory, STM, verbal 

memory, phonological memory, phonological loop, or nonword”. Subsequently, 

the reference lists of the selected articles were checked for relevant studies. The 

literature selection, including peer-reviewed studies only, yielded 54 relevant studies.   
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 Mechanisms Explaining Growth of Verbal Short-Term Memory in Bilinguals

The reviewed studies with monolingual children made clear that different 

mechanisms can be put forward to explain growth in verbal short-term memory 

performance. These mechanisms were growth in articulation rate (improving either 

subvocal rehearsal or spoken duration during recall), decrease in the rate of decay 

of memory traces, development of capacity, development of executive functions, and 

growth of long-term knowledge support. There is no reason to assume that these 

same mechanisms are not operating in bilingual children. However, there might be 

extra factors influencing these mechanisms: Bilingual children have to handle more 

than one language at the same time and differ in the amount of exposure to and 

experience with each language. Moreover, there might be transfer of knowledge 

between languages, and languages themselves might differ for example in 

phonotactic structure, length of words, and articulation time. 

One of the first studies investigating bilingual verbal short-term memory capacity 

showed that Welsh-English bilinguals took longer to articulate digits in their dominant 

language Welsh than in English, accompanied by smaller digit spans in that language. 

Under the condition of articulatory suppression (repeatedly whispering the sequence 

a-b-c-d), preventing subvocal rehearsal, digit span performance was equal in both 

languages. Apparently, the different lengths of the digit names in the languages and 

the resulting articulation time influenced verbal short-term memory performance, 

even up to the point that memory performance was superior in the nondominant 

language (Ellis & Hennelly, 1980). Longer words do not necessarily imply increased 

articulation time, however. A study with Spanish-English bilingual adults showed that 

although word length was considerably shorter in the English version of a test than 

in its Spanish translation, the subjects did not differ in performance because the 

spoken duration in both languages was equal (Miranda & Valencia, 1997). The length 
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of words that might differ between languages, but most importantly the resulting 

articulation time, thus influences verbal short-term memory. 

An important effect found in other studies with bilingual subjects, is that the 

performance on verbal short-term memory tasks is better in the dominant language, 

an effect referred to as the language familiarity effect (Chincotta & Underwood, 

1997; 1998; Standing, Bond, Smith & Isely, 1980; Thorn & Gathercole, 1999; Van 

der Noort, Bosch & Hugdahl, 2006). Thorn and Gathercole (1999), for example, 

showed that 6-year-old monolingual English children with no knowledge of French 

performed worse on digit recall and nonword repetition in this unknown language, 

compared to 6-year-old English-French bilingual children who had learned French 

before the age of 3, and 8-year-old English children who were learning French as 

a second language. There was no difference between the latter two groups, even 

though the second-language learners were 2 years older. Regression analyses 

showed that not age, but vocabulary level, which was the same in both groups, 

explained a large part of the variance in verbal short-term memory performance 

in the second language. In the native language of the subjects, the bilingual and 

monolingual children performed equally well, but lower than the second-language 

learners who were 2 years older. Further regression analyses showed that both age 

and vocabulary level could explain the differential performance of the latter group 

in the native language. In a second experiment, 6-year-old English-French bilingual 

children who had learned both languages from birth were compared to 6-year-old 

English-French bilingual children who started learning their second language at the 

age of 2. Even with these subtle differences in language familiarity, the familiarity 

effect was detectable.  

The language familiarity effect might originate from different sources. One source 

might be articulation rate, covarying not only with word-length but also with language 
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fluency. In a study with English-French bilingual adults, articulation rate was shown to 

be slower and verbal short-term memory performance inferior in the second language 

compared to the first language of the subjects (Standing et al., 1980). In subsequent 

studies with adult bilinguals, however, Thorn and Gathercole (2001) showed that the 

language familiarity effect for word and nonword recall remained after statistically 

controlling for articulation rate and under the condition of articulatory suppression, 

which prevented subvocal rehearsal (see also Cheung, Kemper & Leung, 2000; 

Chincotta & Underwood, 1997; 1998). In addition, a first-language advantage was 

shown to remain under the condition of probed recall, requiring minimal spoken 

output (Thorn, Gathercole & Frankish, 2002). Thus, articulation rate, influencing 

either subvocal rehearsal or spoken duration at recall, could not be the only source 

explaining the language familiarity effect. It was concluded that a large part of the 

effect is attributable to language-specific long-term knowledge that supports short-

term memory.  

Because studies with bilingual children have repeatedly shown that bilinguals 

are less proficient in each language than monolinguals (Aarts & Verhoeven, 1999; 

Leseman & Van den Boom, 1999; Oller & Eilers, 2002; Patterson & Pearson, 2004; 

Pearson et al., 1997), their less well developed networks in each language might 

give them a disadvantage in the retention of new words in that particular language 

compared to their monolingual peers. However, knowledge of one language might 

also facilitate the retention of words in a second language, that is, there might be 

cross-language transfer of knowledge, depending on the degree of similarity of both 

languages. The aforementioned studies did not carefully distinguish the influence 

of semantic knowledge from phonotactic knowledge on verbal short-term recall. 

This distinction between different types of long-term knowledge support came to 

the fore in studies with monolingual populations, but might be even more important 
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in case of second-language acquisition. On the one hand, semantic knowledge of a 

native language might facilitate verbal short-term recall in a new language because 

conceptual representations can be shared to a large extent (e.g. Francis, 2005). 

Kolers (1966), showed that when a word and its translation were presented in 

each of the two languages of fluent English-French bilingual adults, the probability 

of recall doubled the probability of presentation in one language only. This cross-

language facilitative effect of repetition upon recall could only emerge from semantic 

knowledge, because the word forms in both languages were phonetically very 

different. On the other hand, phonotactic knowledge of a native language is perhaps 

less supportive for recall in a new language because the distribution of phoneme 

clusters is more language-specific. However, if the phonotactics of languages overlap 

to some extent, not only sharing the majority of phonemes, but also the frequency of 

occurrence of certain phoneme clusters in speech, there might also be transfer on 

the phonotactic level (Ellis & Beaton, 1993). Indirect evidence is provided in a recent 

study, where these different types of long-term knowledge support were compared 

between monolingual English adults and French-English bilinguals in their second 

language English, in which they were highly proficient (Thorn et al., 2005). Although 

the study focused on the bilingual’s second language only and therefore provides 

no direct evidence for transfer of knowledge between languages, it does highlight 

the importance of distinguishing between different types of long-term knowledge 

support. The monolingual participants showed the expected word frequency effect 

in recall (high frequency words better recalled than low frequency words), lexicality 

effect (words better recalled than nonwords matched for phonotactic probability) 

and phonotactic frequency effect (nonwords with high phonotactic probability better 

recalled than nonwords with low phonotactic probability). With every type of stimulus, 

the monolinguals outperformed the bilinguals, revealing a language familiarity effect 
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on every level of language knowledge. The bilingual participants also showed 

a word frequency effect and lexicality effect, but no phonotactic frequency effect: 

Their recall of nonwords with high phonotactic frequency and nonwords with low 

phonotactic frequency was equal, and below the recall of the monolingual subjects 

on the latter type. Apparently, these mature second-language learners did not have 

any phonotactic knowledge support in their second language (see also Kovacs & 

Racsmany, 2008), while they did have lexical-semantic support, but compared to 

monolinguals to a smaller extent. 

There also is a mechanism in which bilinguals can have an advantage compared 

to monolinguals. Research with fluent bilingual pre- and primary school children and 

adults has shown that they have superior performance in executive functioning, such 

as inhibitory control and cognitive flexibility, as a result of their constantly selecting 

information from one language while inhibiting the other (Bialystok 1999; Bialystok, 

Craik, Klein & Viswanathan, 2004; Bialystok, Craik & Luk, 2008; Bialystok & Feng, 

2009; Ransdell & Arecco, 2001). This increased attentional control might improve 

their verbal short-term memory performance, and partly counteract the previously 

mentioned disadvantages.

In sum, studies with one measurement occasion have revealed extra factors 

that need to be taken into account when considering the growth of verbal short-term 

memory in bilingual children. First, articulation rate, influencing subvocal rehearsal 

or spoken duration during recall, might differ between languages and increases with 

language fluency. Second, long-term knowledge support is stronger in the dominant 

language of bilingual children. There are indications that long-term knowledge 

support in the native language is comparable to the support that monolingual children 

experience, but in the second language, long-term knowledge support overall and 

phonotactic knowledge support in particular seems to be less available. Finally, 
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superior performance in executive functioning might enhance their verbal short-term 

memory performance.       

Verbal Short-Term Memory Development in Bilinguals

Although only one longitudinal study explicitly aimed at investigating the 

development of verbal short-term memory (French & O’Brien, 2008), additional 

tentative conclusions can be drawn from other cross-sectional and longitudinal 

studies in which verbal short-term memory measures were taken at multiple 

measurement occasions. Only two of these studies included bilingual children, all 

the other participants were children or adults who were enrolled in second-language 

learning courses.   

As with monolingual children, studies with bilingual children and children learning 

a second language in a foreign language class have revealed a growth in verbal 

short-term memory performance in the native language of the subjects (Chincotta 

& Underwood, 1997; Hu, 2003; Swanson, Sáez & Gerber, 2006). Hu (2003), for 

example, studied Chinese-speaking 4-year-olds at four measurement occasions 

during 2 years in preschool, in which the children participated in English foreign 

language courses at least 1 hour per week. Nonword repetition was measured 

in Chinese only, and revealed improvement over the years. Similarly, in a cross-

sectional study with Swedish-Finnish bilingual children, digit span performance in 

the native language was shown to improve from 7 to 16 years of age (Chincotta & 

Underwood, 1997). Unfortunately, these studies did not incorporate a monolingual 

control group, in comparison to whom the relative level of performance could have 

been inferred. Verbal short-term memory in the native language does not seem to 

improve in older children or adults. Hungarian 15-16-year-olds did not improve in the 

repetition of nonwords conforming to Hungarian phonotactics, during an intensive 
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1-year English learning program. Moreover, they did not differ from monolingual 

peers who were not enrolled in the program (Safar & Kormos, 2008). English 

speaking adults who were learning Spanish, either in a course or in an immersion 

context during a study abroad, did not improve in the serial recognition of English 

nonwords over a period of 13 weeks (O’Brien, Segalowitz, Freed & Collentine, 2007; 

see also O’Brien, Segalowitz, Collentine & Freed, 2006). The time between testing, 

however, was in both of these studies short. 

Also in the second language of the subjects, studies with bilingual children and 

children learning a second language in a foreign language class have revealed a 

growth in verbal short-term memory performance (French & O’Brien, 2008; Service, 

1992; Service & Kohonen 1995, Swanson et al., 2006). In a longitudinal study with 

bilingual children, digit recall improved between grade 1 (6-7 year-olds), 2 and 3 in 

the first and second language. The children had Spanish as their native language 

and the language spoken mostly at home, came from low-SES families, and learned 

English in a immersion context at school from the start of kindergarten (Swanson et 

al., 2006; see also Lanfranchi & Swanson, 2005; Swanson, Saez & Gerber, 2004; 

Swanson, Seaez, Gerber & Leafstedt, 2004). In a similar vein, longitudinal studies 

with Finnish 9-year-old children and Francophone 11-year-old children learning 

English in a foreign language class showed that English nonword repetition improved 

during the course (French & O’Brien, 2008; Service, 1992; see also Service & 

Kohonen 1995). In the latter case, performance increased already after 5 months 

of an intensive foreign language program (French & O’Brien, 2008). Unfortunately, 

these studies did not compare the level of performance between the two languages 

of the subjects, or with a monolingual control group in the same language. 

Two other studies did make these comparisons. In the previously mentioned 

cross-sectional study with Swedish-Finnish bilingual children covering the age range 
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of 7 to 16 years, digit span performance improved not only in the native language 

of the children but also in the second language, and in both languages in a similar 

pace. The children were either balanced bilinguals or Swedish dominant, which was 

reflected in their level of performance: While the balanced bilingual children performed 

equally well in Finnish and Swedish, the Swedish-dominant children performed best, 

and better than the balanced bilinguals, in Swedish (Chincotta & Underwood, 1997). 

In a study with English monolingual children and bilingual children with English as 

their second language and diverse first languages, nonword repetition and sentence 

recall was measured in kindergarten (5 year-olds) and first grade. While the two 

groups did not differ in English nonword repetition in each year, the monolingual 

children outperformed the bilingual children in the recall of English sentences, with 

both groups showing a similar growth pattern over the year (Chiappe, Siegel & 

Wade-Woolley, 2002). These studies thus again reveal a language familiarity effect, 

but more importantly, there seem to be indications that the rate of development is 

equal in the first and second language of bilinguals, and compared to monolinguals. 

In line with the studies with monolingual children, there are indications 

that performance with stimuli for which no language knowledge can be used as 

support does not increase over time. The same Francophone 11-year-old students 

who were learning English as a second language during an intensive 5 months 

program, were tested in Arabic nonword repetition at the beginning and end of the 

program (French & O’Brien, 2008). The Arabic measure was chosen because the 

language was unknown to the children and would therefore represent a more pure, 

language independent, measure of phonological loop capacity. While children’s 

performance increased for English nonwords, performance for Arabic nonwords 

remained unchanged over time. Similar results were found with English speaking 

adults learning Spanish during a 10 week course, for whom repetition of nonwords 
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with low wordlikeness did not increase during the course (Speciale, Ellis & Bywater, 

2004). The participants were adults, however, and the period between measurement 

occasions was very short.   

In sum, verbal short-term memory improves in the native and second language 

of bilingual children and second-language learners, but does not seem to improve 

in an unknown language. The level of performance in the first and second language 

is dependent upon language familiarity, with superior performance in the dominant 

language. Even after years of exposure to a second language, the level of verbal 

short-term memory performance in that language does not catch-up with the level 

of performance in the first language, or with the level of monolinguals. The overall 

picture that emerges from these data is in line with the two cross-sectional studies 

with monolingual children that suggested that the developmental increase in verbal 

short-term memory performance can be entirely explained by long-term knowledge 

influences, and that the influences of other factors, such as capacity or rate of decay, 

are stable and do not increase over time (Jones et al., 2007; Otttem et al., 2007). 

Verbal Short-Term Memory and Vocabulary Development in Bilinguals

In the case of foreign language acquisition, verbal short-term memory has 

been found to be a predictor of vocabulary learning too. Only one study involved 

children in the preschool age: Chinese speaking 4-year-olds, who received English 

lessons in preschool for 2 to 6 hours each week. The children’s ability to repeat 

Chinese multisyllabic nonwords, constructed from existing Chinese syllables at the 

age of 4, predicted their English word learning capacity at 6 years of age (Hu, 2003). 

Similar results have been obtained in other longitudinal studies and studies with one 

measurement occasion with children and adults from diverse language backgrounds: 

Finnish 8-, 9-, 15- and 16-year-olds, Greek 10-year-olds and Hungarian 15-year-
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olds learning English as a foreign language at school (Kormos & Safar, 2008; Lehto, 

1995; Masoura & Gathercole, 1999; Service, 1992; Service & Kohonen, 1995), and 

adults learning new words in a experimental word learning paradigm, or Spanish, 

English or German in a foreign language course (Chun & Payne, 2004; Hummel, 

2009; O’Brien et al., 2007; Payne & Ross, 2005; Service & Craik, 1993). In addition, 

so called polyglots, people who are fluent in many languages, often are characterized 

by a greater capacity of verbal short-term memory (Papagno & Vallar, 1995). There is 

thus converging evidence that the phonological loop component of working memory 

is important for foreign language vocabulary learning.  

Further evidence comes from children with learning problems. Speidel (1993) 

studied two bilingual siblings who were learning to speak English and German. One 

of the children had great difficulty mastering both languages. The difference in the 

rate of learning between the two children was related to differences in verbal short-

term memory. Moreover, Italian 12-year-old children who had difficulties in learning 

English as a second language at school, obtained lower scores on digit span, 

nonword repetition and word recall tasks compared to peers without these foreign 

language learning difficulties (Palladino & Cornoldi, 2004; Palladino & Ferrari, 2008). 

Similarly, in a study with Spanish children learning English in an immersion context, 

the repetition of English nonwords was shown to be a good screening method to 

identify those children with a consistently low English vocabulary level in grade 1 (6 

year-olds) and 2, and discriminate them from children who could catch up between 

the first and second grade. Nonword repetition in the native language of bilinguals 

has been shown to be a good screening instrument to identify SLI, defined as 

children who have difficulty mastering both the native and second language (Girbau 

& Schwarz, 2008). Children who perform poorly on measures of phonological loop 

capacity thus seem to have difficulty mastering foreign language vocabulary.  
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Studies with monolingual children have shown that the phonological loop 

is especially important during the early stages of word learning. With expanded 

vocabularies, new word learning becomes more dependent on associations with 

established long-term knowledge. Studies with second-language learners have 

revealed similar results. In an experimental foreign word learning study Greek 

11-year-old children had to learn picture-English word pairs. While there was no 

difference in learning success between children with high and low nonword repetition 

scores as measured with Greek wordlike nonwords and English wordlike nonwords, 

there was a difference between children with smaller and larger English vocabularies. 

According to the authors, these results indicated that with considerable familiarity 

with a foreign language (the children had been learning English at school for 3.5 

years), long-term language knowledge becomes more important in the acquisition of 

new words compared to phonological short-term memory (Masoura & Gathercole, 

2005). Comparable results were obtained with Chinese speaking 12-year-olds, 

learning English words. Only for children with smaller English vocabularies, English 

nonword repetition scores were predictive of the number of trials needed to learn 

a new English word. This relation was not found in the group with larger English 

vocabularies (Cheung, 1996; see for similar results with adults Hummel, 2009). In 

addition, articulatory suppression, preventing subvocal rehearsal in the phonological 

store, did not disrupt the learning of Italian word-word pairs in Italian students, but 

did disrupt the learning of Italian word – Russian word pairs (Papagno, Valentine 

& Baddeley, 1991). In the first condition, lexical-semantic knowledge could be 

used, while the second foreign vocabulary learning condition depended entirely on 

phonological short-term memory (see also Atkins & Baddeley, 1998). Surprisingly, 

articulatory suppression did not disrupt the learning of English word - Russian word 

pairs in English students, but did disrupt their learning of Russian words with small 
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associative value and Finnish words. Apparently, not only familiarity with the particular 

language to be learned, but also the proximity of the first and second language need 

to be considered when looking at long-term knowledge effects. In these studies, 

different types of long-term knowledge support have not been clearly dissociated, 

making it difficult to interpret whether it is phonotactic knowledge, lexical-semantic 

knowledge or both that explains the effects.  

The phonological loop has been operationalized with a diverse range of 

measures in the previously described studies, and it is not always clear what these 

measures represent. Even when verbal short-term memory is measured with music-

items, it seems to be a good predictor of foreign language proficiency (Tanaka & 

Nakamura, 2004). When the repetition of nonwords conforming to the phonotactic 

rules of the native language predicts second-language vocabulary learning (Hu, 

2003; Kormos & Safar, 2008; Masoura & Gathercole, 1999, 2005), these nonwords 

might represent a pure measure of phonological loop capacity and/or transfer of 

phonotactic knowledge between the native and second language. The repetition or 

recall of nonwords composed to sound like real second-language words (Cheung, 

1996; Masoura & Gathercole, 1999, 2005; Service, 1992; Service & Kohonen, 

1995) or the recall of digits in the second language (Lehto, 1995), might represent 

a pure measure of phonological loop capacity and/or additional knowledge of the 

phonotactic structures of the second language. And finally, the repetition of words in 

an unknown language such as Arabic might be a pure measure of phonological loop 

capacity, but without knowledge of the frequency of phoneme combinations of which 

the nonwords were composed, it might just as well represent overlap in phonotactic 

structures between Arabic and the language to be learned (Hummel, 2009; Service 

& Craik, 1993). The question thus arises whether indeed pure phonological loop 

capacity, and/or additional phonotactic knowledge predicts foreign language 
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vocabulary learning.  

More careful measures of phonological loop capacity have been applied in a study 

of Speciale et al. (2004; see also Ellis & Sinclair, 1996), in which English speaking 

students participated in a German word learning experiment, a language that was 

completely unknown to them. Phonological sequence learning, operationalized as 

the amount of exposures needed to recognize a reoccuring nonword in a list of 

filler nonwords, and phonological storage, operationalised as the ability to repeat 

nonwords with very low wordlikeness (and thus low phonotactic probability), both 

independently predicted German vocabulary learning, and the two measures were 

not related to each other. In a second study, both measures independently predicted 

English students’ Spanish exam scores at the end of a Spanish foreign language 

course. The distinction between phonological sequence learning and phonological 

storage closely resembles the subdivision of verbal short-term memory into order 

and item information, as proposed by the models of Majerus (2009) and Gupta 

(2009). According to these previously described models, order information is the 

encoding of sequence information, and item information is the temporary activation 

of language representations. In a study with English-French bilingual subjects, order 

information, operationalized as the ability to reconstruct the serial order of digits, 

and French phonological knowledge, taken as a measure of item information, both 

independently predicted the learning rate of French nonwords with high phonotactic 

probability (Majerus, Poncelet, Van der Linden & Weekes, 2008).     

Discussion

The question whether verbal short-term memory is a useful concept as a 

predictor of vocabulary development in monolingual as well as bilingual children is 

susceptible to a complex circular argument, due to the reciprocal relation between 
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the two. On the one hand, verbal short-term memory has been repeatedly shown 

to be a good predictor of vocabulary acquisition: Monolingual as well as bilingual 

children with greater capacity to actively represent novel verbal items for a short 

period of time, need fewer exposures to consolidate this representation in long-

term memory and will make less mistakes during the process. On the other hand, 

the development of verbal short-term memory itself seems to be considerably and 

perhaps even completely driven by long-term knowledge support, an effect found in 

both monolingual and bilingual populations. The debate seems to centre around the 

exact definitions used for verbal short-term memory itself.      

Most research in this field has been conducted with the phonological loop 

component of the working memory model of Baddeley and Hitch as a theoretical 

background. Within this theoretical notion, a way out of the circular argument is 

provided by suggesting that the phonological loop is most important during the early 

stages of vocabulary learning, shifting to long-term knowledge mediated word learning 

at later stages. Indeed, studies with monolingual and bilingual children have shown 

that nonword repetition, the measure most often used to represent phonological 

loop capacity, is a good predictor of vocabulary learning in the early stages, and that 

vocabulary itself becomes the most important predictor at later stages (Cheung, 1996; 

Gathercole et al., 1992, 2005, 2008; Hummel, 2009; Masoura & Gathercole, 2005). 

According to this line of reasoning, a child will capitalize on long-term knowledge 

when available to facilitate a certain learning task, and circumvent the reliance on the 

limited-capacity phonological loop; an argument that makes a clear distinction between 

short- and long-term memory. Although the working memory model of Baddeley 

and Hitch has been tremendously fruitful in stimulating research in this field, the 

phonological loop component and this line of reasoning come with some complicating 

factors. First, the phonological loop component of the working memory model of 
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Baddeley and Hitch is concerned with the maintenance of phonological information 

only, focusing on the representation of word forms, and thereby running the risk of 

neglecting the possible influences of lexical-semantic and other types of linguistic 

knowledge. Second, because the argument is narrowed down to the suggestion 

that the short maintenance of phonological information is important during the early 

stages of word learning, after which long-term knowledge takes over, it is not always 

clear what this long-term knowledge comprises. The suggestion sometimes seems 

to be that long-term knowledge mainly concerns lexical-semantic knowledge. Third, 

the measures most often used to represent the phonological loop are the repetition, 

recall or recognition of nonwords. In most studies, the nonwords were constructed 

to sound like real words, and were consequently composed of highly frequent 

phoneme combinations. Studies investigating the influence of long-term knowledge 

on short-term memory have shown that, at least in adult populations, knowledge of 

the distribution of phoneme combinations in a language (phonotactic knowledge) 

can support short-term memory for this type of nonwords. The phonological loop 

should thus be narrowed down to an even more pure measure, excluding possible 

long-term phonotactic knowledge support, to substantiate the argument that the 

phonological loop is important during the early stages of word learning, after which 

long-term knowledge takes over. Fourth, because phonological short-term memory 

and phonotactic knowledge have not been clearly dissociated in most research to 

date, it is too early to state that the phonological loop is a highly heritable cognitive 

ability that is free of environmental influences, because phonotactic knowledge itself 

is a result of linguistic input. The idea of an innate language learning device with a 

specific anatomical location runs the risk of presupposing a static domain specific 

neurobiological factor essential for language learning, and neglecting the role of 

environmental input and the interaction between the two. 
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The complex reciprocal relationship between short- and long-term memory is 

conceptually easier to interpret in models suggesting that short-term memory is 

the activated portion of long-term memory (e.g Cowan 1999, 2005; Martin, 2009). 

Instead of postulating a shift from short- to long-term knowledge mediated word 

learning, these models propose that long-term memory is always involved, but that 

the knowledge base is less elaborate in the early stages of word learning than at 

a later age, and therefore less supportive for short-term memory. In these models, 

every type of language knowledge (i.e. phonotactic, lexical-semantic) can have 

an influence at all stages of word learning, and the magnitude of this influence 

depends on how entrenched this knowledge is. This leaves considerably more 

room for interaction with environmental input. Recently, it has been suggested that 

in addition to the activation of language representations in long-term memory, a 

second critical component of verbal short-term memory is the representation of the 

serial and temporal order of (verbal) information, which is supposed to be a domain 

general learning mechanism (Gupta, 2009; Majerus, 2009). A clear example is 

phonotactic knowledge development, which requires not only the short maintenance 

of phonemes, but also a representation of the particular sequence of phoneme 

combinations. Verbal short-term memory defined in this broader sense, that is, as 

the ability to actively represent each type of linguistic information, which is influenced 

by previously acquired knowledge and thus the linguistic input a child has received, 

together with a domain general sequence learning mechanism, seems a very useful 

concept in predicting vocabulary development in monolingual as well as bilingual 

children. 

The order mechanism closely resembles a basic learning mechanism proposed 

by researchers from a very different research tradition, that not specifically uses 

a short-term memory paradigm as its starting point. According to prominent 
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researchers in the area of language development, Karmiloff and Karmiloff-Smith 

(2002), evolution has provided humans with domain general learning mechanisms, 

that in interaction with environmental input become more domain specific. Instead 

of innate brain areas dedicated for language processing only, they propose that 

brain areas end up with a certain specialization as a function of experience. One of 

the basic learning mechanisms that they put forward is a mechanism for sequential 

learning that computes how sound combinations are distributed in the input.  

More precize definitions of verbal short-term memory are extremely relevant 

for the investigation of vocabulary acquisition in bilingual children. If verbal short-

term memory is influenced by long-term knowledge from the outset, this would 

imply that mutually reinforcing processes are taking place: The cognitive, perhaps 

innate, capacity to remember novel verbal material is augmented by previously 

acquired knowledge and thus the linguistic input a child has received. Many bilingual 

children all over the world develop a knowledge base in one language first, after 

which a second language is learned. For these children, this would imply that the 

crucial interface between language input and what is learned from the input is less 

efficient for the second language, constituting a cumulative risk. In The Netherlands, 

for example, there is a large group of Turkish-Dutch immigrant children with 

persistent disadvantages in Dutch language and literacy development compared 

with native Dutch children at the start of primary school (e.g. Aarts & Verhoeven, 

1999; Centraal Bureau voor de Statistiek [CBS], 2008; Leseman, 2000; Leseman 

& De Jong, 1998; Leseman & Van den Boom, 1999). For most Turkish immigrant 

children in The Netherlands, Turkish is their home language and school enrolment 

around their 4th birthday often marks their first full submersion in a primarily Dutch 

language environment. It could be hypothesized that Turkish–Dutch children have 

more difficulty in remembering novel phonological forms in Dutch because they have 
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less support from entrenched long-term knowledge of Dutch, thereby hindering their 

Dutch vocabulary development. 

A significant result from the reviewed studies is that the short representation of 

completely novel phonological information in correct serial order and the reliance on 

long-term phonotactic knowledge both together are particularly important during the 

early stages of word learning. These factors have been entwined in most studies, and 

a dissociation between the relative importance of each of these two components thus 

seems particularly important for research into early bilingual vocabulary acquisition. 

More pure measures of verbal short-term memory, i.e. the short-term maintenance 

of order and item information, have been shown to be good predictors of (foreign) 

language vocabulary learning (Ellis & Sinclair, 1996; Majerus et al., 2006, 2008; 

Mosse & Jarrold, 2008; Speciale et al., 2004). An important remaining question 

would thus concern the relative impact of phonotactic knowledge. Returning to the 

example of the Turkish-Dutch immigrant children, the question is whether and to 

what extent entrenched knowledge of Turkish phonotactics is supportive of, or, in 

contrast, is impeding vocabulary learning when remembering words with Dutch 

phonotactic structures. It could be that these children have a disadvantage at the 

very basic level of Dutch phonotactic knowledge acquisition, leading to difficulties 

with sustaining new aspects of the Dutch language in their memory for short periods 

of time and, as a result, hampering their construction of long-term representations.

 Although the relative impact of more pure measures of verbal short-term memory 

in comparison to phonotactic knowledge has not been studied in relation to foreign 

language vocabulary learning, the studies into (mechanisms influencing) bilingual 

verbal short-term memory development revealed some first indications concerning 

long-term knowledge support. Overall, verbal short-term memory performance is 

better in the dominant, native, language of bilingual children. There are indications 
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that this long-term knowledge support in the native language is comparable to the 

support that monolingual children experience. In the second language, however, 

long-term knowledge support seems to be less available. Moreover, after years of 

exposure, the level of verbal short-term memory performance in a second language 

does not seem to reach the level of performance in the first language, or the level 

of monolinguals. Looking more specifically at different types of long-term knowledge 

support, there are indications that lexical-semantic knowledge of the native language 

can be supportive in the second language as well, indicating transfer of knowledge 

between languages. Phonotactic knowledge, however, seems to be less supportive, 

and seems to depend on the phonotactic overlap between the languages. Research 

into the development and the relative impact of this lack of phonotactic knowledge 

support in the early stages of foreign word learning thus seems to be highly relevant.

This review thus raises some interesting issues for future research. A first 

question is whether phonotactic knowledge influences verbal short-term memory in 

young children as well, because this influence has only been investigated in adult 

populations, and whether there is a difference between monolingual and bilingual 

children in the extent of phonotactic knowledge support. Second, it would be very 

interesting to follow the development of verbal short-term memory in both of these 

groups in longitudinal designs, for both very pure measures and for stimuli for 

which phonotactic knowledge support can be used. This would answer the question 

whether verbal short-term memory development is indeed entirely dependent on 

long-term knowledge, as suggested by recent studies (Jones et al., 2007; Ottem et 

al., 2007), or whether the very basic capacity shows developmental improvement 

as well. Moreover, this would show whether phonotactic knowledge support in 

particular shows developmental improvement over the years, and whether there 

are differences in the rate of development between monolingual and bilingual 
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children. Third, an important question concerns the relative impact of phonotactic 

knowledge, compared to more pure measures of verbal short-term memory, in 

early word learning in monolingual and bilingual children. And finally, the influence 

of the linguistic environment on verbal short-term memory performance should be 

investigated. In none of the studies described in this review, detailed measures of 

linguistic input have been collected.  
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Abstract

The current study examined to what extent information in long-term memory 

concerning the distribution of phoneme clusters in a language, so-called long-term 

phonotactic knowledge, increased the capacity of verbal short-term memory in 

young language learners and, through increased verbal short-term memory capacity, 

supported these children’s first- and second-language vocabulary acquisition. 

Participants were 67 monolingual Dutch and 60 bilingual Turkish–Dutch 4-year-olds. 

The superior recall of nonwords with high phonotactic probability compared with 

nonwords with low phonotactic probability indicated that phonotactic knowledge was 

supportive for verbal short-term recall in both languages. The extent of this support 

depended on prior experiences with the language: The Turkish–Dutch children 

showed a greater phonotactic probability effect in their native language Turkish 

compared with their Dutch peers, and the monolingual Dutch children outperformed 

the bilingual Turkish–Dutch children in their native language Dutch. Regression 

analyses showed that phonotactic knowledge, indicated by the difference in recall of 

nonwords with high versus low phonotactic probability, was an important predictor of 

vocabulary in both languages.

Introduction

Verbal short-term memory plays a crucial role in the acquisition of both native 

and second-language skills. Increasing evidence suggests that the capacity of verbal 

short-term memory is influenced by long-term knowledge. Until recently, it was 

believed that the source of this ong-term memory influence is purely lexical–semantic. 

However, Thorn and Frankish (2005) demonstrated an additional contribution of long-

term knowledge concerning the distribution of phoneme clusters in a language, so-

called long-term phonotactic knowledge. Although they demonstrated this influence 
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in an adult population, the question arises whether this finding also holds for young 

language learners. Furthermore, it is not yet clear whether this specialized phonotactic 

knowledge that supports native-language acquisition also supports the acquisition of 

a second language with a different distribution of phoneme clusters. The aim of the 

current study was to investigate these questions by determining whether long-term 

phonotactic knowledge support is also found for 4-year-olds who are either Dutch 

native speakers or Turkish native speakers learning Dutch as a second language. For 

most Turkish immigrant children in The Netherlands, Turkish is their home language 

and school enrollment often marks their first full submersion in a primarily Dutch 

language environment. The special interest in this group follows from the persistent 

disadvantages in Dutch language and literacy development compared with native 

Dutch children at the start of primary school (Aarts & Verhoeven, 1999; Leseman, 

2000; Leseman & De Jong, 1998; Leseman & Van den Boom, 1999; Sociaal en 

Cultureel Planbureau [SCP], 2007). We hypothesize that Turkish–Dutch children 

have more difficulty in remembering novel phonological forms in Dutch because 

they have less support from entrenched phonotactic knowledge of Dutch, thereby 

hindering their Dutch vocabulary development. 

A number of studies have shown that individual differences in the capacity 

of verbal short-term memory, often referred to as the phonological loop, predict 

language acquisition (e.g., Baddeley, Gathercole, & Papagno, 1998; Gathercole, 

2006; Gathercole, Service, Hitch, Adams, & Martin, 1999b; Gathercole, Willis, 

Emslie, & Baddeley, 1992; Majerus, Poncelet, Greffe, & Van der Linden, 2006). 

Measures of verbal short-term memory span, such as digit and nonword recall, have 

been found to strongly correlate with different aspects of language development, 

including receptive vocabulary knowledge, vocabulary specificity, mean length of 

utterances, and syntactic diversity (Adams & Gathercole, 2000). This is the case 
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not only for native-language acquisition but also when learning a foreign language 

(e.g., Cheung, 1996; O’Brien, Segalowitz, Collentine, & Freed, 2006; Service, 1992; 

Service & Kohonen, 1995). The ability to maintain sound patterns in memory for 

a short period of time while constructing long-term representations apparently is 

necessary for language acquisition. 

Within the widely used working memory model of Baddeley and Hitch (1974), 

the phonological loop is thought to consist of two components: a storage component, 

where incoming verbal information is stored temporarily in a phonological form, and 

a subvocal rehearsal system that refreshes information in the loop to prevent decay. 

The different components of the working memory model have been shown to be 

already at place in children between 4 and 6 years of age (Alloway, Gathercole, 

Willis, & Adams, 2004). For children, the loop capacity grows rapidly. Traditionally, it 

was thought that the growth in articulation rate, which enhances subvocal rehearsal 

and recall speed during output, was responsible for the growth in the capacity of 

the phonological loop. However, this mechanism does not suffice to explain the 

substantial growth over the first years of life because there are indications that 

subvocal rehearsal is present only from the age of 7 years onward and the capacity 

does grow before this age (Baddeley et al., 1998). A second, and perhaps more 

powerful, proposed mechanism of growth is the use of more permanent knowledge 

representations in longterm memory to support short-term recall. Language 

knowledge, which grows rapidly in young children, is thought to be employed in 

the phonological store to reconstruct blurred memory traces, a process referred 

to as redintegration or pattern completion (Brown & Hulme, 1995; Hulme et al., 

1997; Thorn, Gathercole, & Frankish, 2005). Following this line of reasoning, the 

influences between language knowledge and the phonological store are bidirectional; 

developing language knowledge supports verbal short-term recall, increasing the 
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capacity to remember novel phonological forms and thereby the effectiveness of 

verbal short-term memory for acquiring new structures of that language. 

There is increasing evidence that verbal short-term recall is indeed influenced 

by long-term memory. One source of evidence is the frequently demonstrated 

lexicality effect; memory performance is superior for words over nonexisting 

words (i.e., nonwords for which there are no representations in the mental lexicon) 

even when articulatory duration and phonotactic frequency are identical (Hulme, 

Maughan, & Brown, 1991). A second source of evidence showing the support of 

available language knowledge is provided by the finding that nonwords based on 

the native language are recalled better than nonwords based on a less familiar or 

unfamiliar language, an effect referred to as the language familiarity effect (Thorn & 

Gathercole, 1999; Thorn, Gathercole, & Frankish, 2002). A final source of evidence, 

perhaps underlying this language familiarity effect, is the so-called wordlikeness 

effect that has been found for children as well as adults. Nonwords rated by native 

speakers as sounding language-like are recalled better than language-unlike 

nonwords (Gathercole, Frankish, Pickering, & Peaker, 1999a). The same holds 

for statistical measures of wordlikeness; nonwords constructed of highly frequent 

phoneme clusters are recalled better than nonwords constructed of infrequent 

phoneme clusters, an effect found with children as young as 3.6 years of age (Coady 

& Aslin, 2004; Roodenrys & Hinton, 2002; Thorn & Frankish, 2005).

The precise source of the long-term memory support for nonword recall is 

still disputed. Roodenrys and Hinton (2002) proposed that only lexical–semantic 

knowledge is used as support in nonword recall. According to them, even though 

there are no representations of nonwords in the mental lexicon, support could come 

from known real words that are highly similar to the nonword but that differ in one 

phoneme, so-called neighbor words. However, in a recent study, Thorn and Frankish 
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(2005) demonstrated that, in addition to lexical–semantic knowledge, sublexical 

knowledge of the statistical distribution of phoneme clusters in a language, referred 

to as the phonotactics of that language, is used for support. When controlling for 

neighborhood size in a more precise way than Roodenrys and Hinton (2002) did, 

nonwords composed of highly frequent phoneme clusters were recalled better 

than those consisting of infrequent clusters. Furthermore, a study using incidental 

phonotactic learning showed that nonwords following the phonotactic rules of a 

previously learned artificial language were recalled better than nonwords illegal to this 

artificial language (Majerus, Van der Linden, Mulder, Meulemans, & Peters, 2004). 

Thus, it seems likely that not only lexical–semantic knowledge but also phonotactic 

knowledge influences verbal short-term recall.

The aforementioned studies, which carefully distinguished the influence of 

lexical–semantic knowledge from phonotactic knowledge on verbal short-term 

recall, were conducted with monolingual populations only. However, this distinction 

might be even more important in the case of second-language acquisition. Whereas 

lexical–semantic knowledge of a native language could facilitate verbal short-term 

recall in a new language because conceptual representations can be at least partly 

shared (e.g., Francis, 2005), phonotactic knowledge of a native language is perhaps 

less supportive for recall in a new language because the distribution of phoneme 

clusters is more language-specific, making transfer of knowledge to the new 

language difficult. However, if the phonotactics of languages overlap to some extent, 

sharing not only the majority of phonemes but also the frequency of occurrence of 

certain phoneme clusters in speech, there might also be transfer on the phonotactic 

level (Ellis & Beaton, 1993). 

Already at 9 months of age, monolingual children show preferences for 

phoneme clusters that characterize their native language and for nonwords with 
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high phonotactic probabilities compared with infrequent nonwords (Jusczyk, Luce, & 

Charles-Luce, 1994). Infants use this distributional knowledge to identify individual 

words in a speech stream (Mattys & Jusczyk, 2001), an ability related to later 

vocabulary and grammatical skills during the preschool age (Newman, Bernstein 

Ratner, Jusczyk, Jusczyk, & Dow, 2006). One of the few studies investigating 

phonotactics in bilinguals showed that the native language influences the acquisition 

of phonotactics in the second language (Sebastian-Galles & Bosch, 2002). Nonwords 

that were either phonotactically legal or illegal in Catalan and always illegal in 

Spanish were presented to bilingual Spanish Catalan 10-month-olds and bilingual 

adults who had acquired their second language between 3 and 4 years of age. 

Whereas the Catalan-dominant infants showed preference for the nonwords that 

were legal in Catalan, the Spanish-dominant bilingual infants did not. Interestingly, 

the same pattern of results was found with adults. Thus, Spanish-dominant adult 

bilinguals were able to acquire most aspects of Catalan phonotactics, but even after 

extensive exposure to the language, phonotactic structures that were illegal in their 

native language were not acquired. Also, on the level of phonemes, it has been 

shown that sensitivity for nonnative phonetic contrasts declines during infancy (e.g., 

Werker & Tees, 2002) and that early language experience impedes the acquisition of 

nonnative phonemes during adulthood (Iverson et al., 2003). These findings indicate 

that from a young age onward, the knowledge base specializes in the phonotactic 

probabilities of the native language, making it highly efficient for native-language 

acquisition, but delaying or even partly impeding the development of phonotactic 

knowledge and thereby short-term memory for a foreign language.

The current study aimed to investigate to what extent knowledge of the 

phonotactics of a particular language influences short-term memory in that language 

in young children with varying previous exposure to that language. The study 
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involved a sample of 4-year-old monolingual Dutch native and bilingual Turkish–

Dutch immigrant children who had just enrolled in the kindergarten department of 

primary school. The Dutch 4-year-olds were presumed to have age-appropriate 

knowledge of Dutch, having been exposed to predominantly Dutch home and 

preschool environments for several years. The Turkish–Dutch children were raised 

bilingually. Turkish was their first language and the language they were exposed 

to most at home. They were presumed to have comparatively extensive and well-

entrenched knowledge of Turkish. Dutch was their second language, provided to 

some extent at home and in addition in preschool settings before the age of 4 years. 

Therefore, the Turkish–Dutch children were presumed to have some knowledge 

of Dutch, but it was less extensive and well-entrenched than their knowledge of 

Turkish. To investigate the influence of phonotactic knowledge on verbal short-term 

memory, using nonword recall tasks, nonwords were constructed with either high 

or low phonotactic probability in both Dutch and Turkish. If phonotactic knowledge 

influences verbal short-term memory, recall should be better for nonwords with 

high phonotactic probability than for nonwords with low phonotactic probability. 

Furthermore, by comparing the bilingual and monolingual children in both languages, 

it would be possible to determine whether differences in prior experience with a 

language influenced the magnitude of the phonotactic probability effect. More 

specifically, a comparatively large phonotactic probability effect was expected 

for Dutch children in Dutch and for Turkish–Dutch children in Turkish. A smaller 

phonotactic probability effect was expected for Turkish–Dutch children in Dutch 

because they had at least some experience with Dutch. Moreover, no phonotactic 

probability effect was expected for Dutch children in Turkish because they had hardly 

any experience with Turkish. Support of verbal short-term memory by phonotactic 

knowledge is seen as an important mechanism in language learning in addition to 
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lexical support. The current study, therefore, also addressed the question of to what 

extent phonotactic knowledge, indicated by the difference in recall of nonwords with 

high versus low phonotactic probability, predicted vocabulary. 

Method

Participants

A sample of 127 children who just started Dutch kindergarten at the age of 4 

years participated in this study. The Turkish–Dutch group consisted of 60 children 

with Turkish as their native language, learning Dutch as a second language (32 boys 

and 28 girls, mean age = 52.5 months, SD = 3.2, range = 49–66). The Dutch group 

consisted of 67 children from predominantly Dutch-speaking homes with Dutch as 

their first and strongest language (44 boys and 23 girls, mean age = 52.1 months, 

SD = 2.8, range = 48–62). 

Inner-city Dutch primary schools with a moderate to high percentage of ethnic 

minority children (25–100%) and with Dutch as the language of schooling were 

approached. A total of 31 schools were willing to participate, yielding a positive 

response rate of 35%, which is common for this type of research in The Netherlands. 

The main reason given not to participate was expected workload. The primary 

caregivers of the children were administered a screening questionnaire to ensure 

that the language interactions with the target child in the family context were at least 

75% Turkish in the first group and 75% Dutch in the latter group. Because of these 

restrictions, the positive response rates were 69% for the Turkish–Dutch group and 

80% for the Dutch group. Most of the primary caregivers in the Turkish–Dutch group 

were born in Turkey (83%) and on average had lived in The Netherlands for 14.7 

years (range = 0.5–30). Parental consent was obtained for each participating child. 

An additional 12 children were tested but could not be included in the final sample 
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due to testing difficulties typical for this young age (7 Turkish–Dutch and 4 Dutch 

children) or attrition due to having moved away when vocabulary was measured 1 

year later (attrition rate = 0.7%). 

Questionnaires, administered to the primary caregivers to assess the linguistic 

environment of the children, revealed that the Turkish–Dutch children were already 

exposed to the Dutch language before their introduction to kindergarten. Most 

children had attended some form of early childhood care and education providing 

a Dutch immersion context (88% of the Turkish–Dutch group and 90% of the Dutch 

group, average = 4 half days per week, no statistically significant difference between 

the groups) and had older siblings who sometimes or always communicated in Dutch 

with the children (65% of the Turkish–Dutch group, average = 1.6, range = 1–4, and 

31% of the Dutch group, average = 1.8, range = 1–4). 

Procedure

Trained research assistants, who were fluent in the native and second languages 

of the children, tested each child individually in a quiet place at school. Testing took 

place on 2 separate days, on average 1 week apart. Each testing session lasted 

for approximately 75 min, including play breaks and tests that were part of another 

study. The tests were administered in a fixed order. The order of the tests that are 

reported in the current study was for the native Dutch children: Dutch vocabulary, 

nonword recall Dutch high phonotactic probability, Raven, word recall Dutch, dot 

matrix, and nonword recall Turkish low phonotactic probability (Day 1); digit recall, 

nonword recall Dutch low phonotactic probability, and nonword recall Turkish high 

phonotactic probability (Day 2). The order of tests for the Turkish–Dutch children 

was as follows: Turkish vocabulary, Dutch vocabulary, nonword recall Turkish high 

phonotactic probability, Raven, word recall Turkish, word recall Dutch, dot matrix, 
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and nonword recall Dutch low phonotactic probability (Day 1); digit recall, nonword 

recall Turkish low phonotactic probability, and nonword recall Dutch high phonotactic 

probability (Day 2). To keep them motivated, children were rewarded with a small 

token after each test. 

Measures

Nonword Recall

The nonword recall test of the Automated Working Memory Assessment 

(AWMA) battery (Alloway, 2007) was translated and voice-recorded into Turkish and 

Dutch by native speakers. Participating children needed to repeat voice-recorded 

monosyllabic nonwords in lists of increasing length, starting with a block of one 

nonword and building up to a block of five nonwords in a row (see Appendix A for 

the nonwords). Each block consisted of six trials. A trial was rewarded with a score 

of 1 when none of the nonwords was omitted, when the sequence of nonwords 

was correct, and when each nonword was recalled correctly. Each phoneme of a 

nonword needed to be recalled correctly for a positive score, with the exception of 

consistently substituted phonemes resulting from articulation problems. With a total 

of six trials per block, the maximum score per block was 6. When the first four trials 

within a block 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. Note that a score of 6, for example, could represent six correct one-

nonword trials and no correct two-nonword trials or four correct one-nonword trials 

and two correct two-nonword trials. The scores could range from 0 (Block 1) to 30 

(Block 5), but none of these young children exceeded Block 3 (maximum score = 

18). Each test started with a short practice session. The nonword recall tests were 

videotaped for scoring purposes. 
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To determine whether phonotactic knowledge influences verbal short-term 

recall, four sets of nonwords were created and incorporated into the AWMA battery, 

resulting in four tasks sharing the same format and scoring rules. Nonwords were like 

either normal Dutch or normal Turkish words in terms of phonemes used; however, 

both sets were further subdivided into nonwords containing highly frequent biphones 

(high phonotactic probability) or infrequent biphones (low phonotactic probability) in 

their respective languages (Dutch and Turkish). After data collection, native speakers 

rechecked all scores using the video recordings. In case of disagreement on more 

than half of the trials within a block, a third score check by the principal investigator 

was decisive (6% of the tasks). 

The following steps were taken to construct the nonwords of both languages 

in a highly similar manner. Because to our knowledge no comparable corpora 

were available for Turkish and Dutch, and because both Dutch and Turkish are 

very transparent languages (De Jong & Van der Leij, 1999; Durgunoğlu, 2006) and 

thus allowed the use of orthographic information, we created equivalent corpora 

from cross-translated Turkish and Dutch novels (see Appendix B for details of the 

corpora). Native speakers used biphone frequency counts to construct nonwords with 

high phonotactic probability (composed of highly frequent biphones) and nonwords 

with low phonotactic probability (composed of lowly frequent biphones). A computer 

program was developed to perform frequency counts in the corpora. 

Bigram frequencies were calculated by adding the relative frequencies (per 10,000) of 

each word form in the corpus containing the bigram. Trigram frequency counts were 

used to correct for diphthongs in the Dutch language. Counts were based on word 

forms instead of lemmata because Turkish is an agglutinating language and thus 

lemma counts would imply a substantial loss of phonological information. Summated 

bigram frequency was then calculated by totaling the frequencies of each bigram in 



95

Phonotactic probability and nonword recall

a nonword. Table 1 shows all characteristics of the nonwords. One-way analyses 

of variance (ANOVAs) affirmed that the high phonotactic probability nonwords 

had significantly higher summated biphone frequencies than the low phonotactic 

probability nonwords for both Turkish, F(1,70) = 129.4, p < .01, and Dutch, F(1,70) 

= 113.7, p < .01. To minimize lexical influences, neighborhood size was kept down 

for all nonwords. The neighborhood size of each nonword was computed by adding 

up the relative frequencies (per 10,000) of all word forms in the corpus that could be 

obtained by substituting one phoneme of the nonword. There were no statistically 

significant differences between the two nonword types

Table 1 Characteristics of Nonwords with Low Phonotactic Probability (Low) or High Phonotactic 
Probability (High) in Turkish and Dutch

Variable
Turkish

______________
Dutch

______________
Low High    Low High

Summated bigram frequency 
(relative frequency per 10,000)

32.4 542.6 26.6 442.0

Neighborhood size 
(relative frequency per 10,000)

0.3     3.0   0.1    0.2

Likeness Rating 
(1-5) 

2.2    2.5  2.6    3.6

Phonemes 
(n)

3.6    3.7  3.9    4.3

Articulation rate 
(sec)

 0.57     0.56    0.66     0.65

Note. Means are reported. Because no child exceeded block three, only the nonwords of the first three 
blocks were used to calculate the means (N = 36 for each type). 
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Because our corpora were small, we validated the bigram frequency counts 

and neighborhood size of the Dutch nonwords in the larger CELEX database using 

WordGen software (Duyck, Desmet, Verbeke, & Brysbaert, 2004). Unfortunately, 

a similar check was not possible for the Turkish nonwords because, to the best 

of our knowledge, a comparable large Turkish database was not available. One-

way ANOVA confirmed that the high phonotactic probability nonwords indeed had 

significantly higher summated biphone frequencies (M = 20,096) than the low 

phonotactic probability nonwords (M = 3332), F(1, 70) = 55.5, p < .01. Contrary to 

the results based on our own Dutch corpus, CELEX revealed a significant difference 

in neighborhood size between the two nonword types, F(1, 70) = 4.7, p < .05, with a 

larger total number of neighbor words for nonwords with high phonotactic probability 

(3.2) than for nonwords with low phonotactic probability (1.8). However, the effect 

size was very small (ω² = .05). In addition, the neighborhood sizes of both types of 

nonwords were considerably smaller than the mean neighborhood sizes for three-, 

four-, and five-letter words found in the CELEX database that have been shown to be 

14.7, 8.5, and 5.1, respectively (Duyck et al., 2004). Moreover, the additional words 

in the CELEX database that were not present in our Dutch corpus were probably 

very infrequent words that 4-year-olds have not acquired yet. Therefore, the possible 

lexical–semantic influences in nonword recall were considered to be negligible. 

Independent ratings by native speakers also confirmed that the phonotactic 

probability manipulations were valid (Frisch, Large, & Pisoni, 2000). Two panels of 

native speakers (16 Dutch and 11 Turkish) rated the wordlikeness of each voice-

recorded nonword in their own language, offered at random in blocks of 10, on a 

scale from 1 (does not sound like a real Dutch/Turkish word at all) to 5 (sounds a lot 

like a real Dutch/Turkish word). The nonwords in the high phonotactic probability list 

sounded more like real words to the native speakers than the nonwords in the low 
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phonotactic probability list for both Turkish, F(1, 70) = 4.4, p < .05, and Dutch, F(1, 

70) = 37.4, p < .01. 

Finally, the length and articulation rate of the nonwords were checked to control 

for possible confounding influences (see, e.g., Vitevitch & Luce, 2005). The number 

of phonemes (and thus consonant clusters) did not differ between the types in 

Turkish. In Dutch, the nonwords with high phonotactic probability were slightly longer 

than the nonwords with low phonotactic probability, F(1, 70) = 5.7, p < .05, and thus 

were possibly more difficult to remember. Because this effect would work against the 

hypothesis, it was not expected to bias the conclusions of the current study. After 

data collection, the video recordings of 20 randomly selected children (10 Dutch and 

10 Turkish) were used to measure the pronunciation time of each nonword from their 

audio traces. The differences in articulation rate between the two nonword types 

were very small and statistically nonsignificant.

Vocabulary

The Turkish and Dutch receptive vocabulary tests were part of the Test for 

Bilingualism (Toets Tweetaligheid) (Verhoeven, Narain, Extra, Konak, & Zerrouk, 

1995), a language test kit specifically designed for research into bilingual development 

and examined for cultural bias on item level. The test was presented on a laptop 

computer using the software package MINDS (Brand, 1999). Four line drawings 

were presented on the computer screen, and the children were asked to point to the 

one corresponding to the word spoken by the research assistant. The test started 

with a short practice session. To avoid fatigue, the test was divided into 30 odd 

items for the Turkish version and 30 even items for the Dutch version, resulting 

in two parallel tests without conceptual overlap. Although the vocabulary test was 

a standardized and widely used test, the results showed a bimodal distribution in 
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the Turkish version. To strengthen measurement quality, we decided to measure 

vocabulary again 1 year later. This time, both halves of the test were administered in 

both languages with 2 weeks in between. To avoid ceiling effects, the Dutch version 

was extended with 15 items from a parallel Dutch test designed from the same item 

pool but for a broader age range (Taaltoets Alle Kinderen) (Verhoeven & Vermeer, 

2001). Each correct answer was rewarded with a score of 1. Testing was stopped 

when children failed on five consecutive items, after which the remaining items were 

rewarded with the chance score of 0.25. Therefore, the scores could range from 0 

to 30 at Time 1 and from 0 to 30 (Turkish version) and 0 to 45 (Dutch version) at 

Time 2. The mean of the vocabulary scores at Time 1 and Time 2 was computed for 

each group and each language separately after z-transformation of the scores. For 

the Turkish language, only vocabulary at Time 2 was used. Cronbach’s alpha for the 

receptive vocabulary test ranged from .73 to .88 at Time 1 and Time 2 for the two 

groups separately.

Control Measures

Verbal short-term memory. In addition to nonword recall, two other tests of the 

AWMA battery (Alloway, 2007), digit recall and word recall, were used to assess 

verbal short-term memory. The tests were translated and voice-recorded into Turkish 

and Dutch by native speakers. Participating children needed to repeat voice-recorded 

verbal items in lists of increasing length, starting with a block of one item and building 

up to a block of seven items in a row. Each block consisted of six trials that were 

scored as incorrect when one of the items was omitted, when the sequence of items 

was incorrect, or when an item was recalled wrongly. When the first four trials within 

a block 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 



99

Phonotactic probability and nonword recall

block. The scores could range from 0 to 42. Each test started with a short practice 

session. Digit recall was tested in the native language with a random sequence of 

digits ranging from 0 to 9. Word recall was tested in Dutch and also in Turkish in 

the Turkish–Dutch group. To obtain highly frequent monosyllabic words with a low 

acquisition age in a similar manner for both languages, we created two equivalent 

corpora from cross-translations of children’s books (see Appendix B for details). To 

the best of our knowledge, such comparable corpora were not available for Turkish 

and Dutch. The stimuli consisted of nouns, adjectives, adverbs, color names, and 

verbs (stem in Dutch and imperative in Turkish). Native speakers ensured that the 

words were not too abstract for the children.

Visuospatial short-term memory. The capacity of visuospatial short-term memory 

was assessed with Dot Matrix, also a test of the AWMA battery (Alloway, 2007) that 

was translated and voice-recorded into Dutch and Turkish by native speakers. The 

child was presented with a 4 x 4 matrix on the computer screen. A red dot shortly 

appeared in one of the boxes, and the child needed to point out the correct box. The 

test started with a block of one dot, building up to a block with a sequence of seven 

dots presented across the matrix. Each block consisted of six trials that were scored 

as incorrect when one of the boxes was omitted, when the sequence of boxes was 

incorrect, or when a box was recalled wrongly. When the first four trials within a block 

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 

scores could range from 0 to 42. The test started with a short practice session. 

Nonverbal IQ. Raven’s Colored Progressive Matrices (Raven, Raven, & Court, 

1998) was administered to measure nonverbal fluid intelligence. The task was 

presented on a laptop computer using the software package MINDS (Brand, 1999). 

The children needed to decide which one of six pieces on the computer screen 
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would best complete the visual pattern from which a piece was missing. Each correct 

answer was rewarded with a score of 1, yielding a total score between 0 and 36. 

Results

Initial Analysis

The data were first explored to check for outliers and missing data likely to be 

present in this young age group. For the Turkish sample, 1.7% of all administered 

tests were missing; for the Dutch sample, 1% of the tests were missing. Because 

missing value analysis revealed that the pattern of missing data was random, the 

missing data were imputed using the expectation maximization method. There were 

no extreme outliers when looking at each variable separately, so none of the cases 

was excluded from the analyses of variance. For the regression analyses, outliers 

greater than 2 standard deviations were excluded (Dutch group 4.5%, Turkish–

Dutch group Dutch language 6.7%, and Turkish–Dutch group Turkish language 

5%). Finally, to check whether all variables were normally distributed, standardized 

skewness and kurtosis measures were calculated for each variable in each group 

separately. The standardized skewness measures for Dutch and Turkish nonwords 

with low phonotactic probability in the Turkish group, and for nonverbal IQ and 

Turkish nonwords with low phonotactic probability in the Dutch group, exceeded two 

standard deviations. To correct for this, a square root transformation was applied 

on these measures after which the data were normally distributed. The corrected 

variables were used in the regression analyses and ANOVAs. In the latter case, the 

variables to which they were compared were also transformed (Dutch and Turkish 

nonwords with high phonotactic probability). 
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Control Tasks

Table 2 presents the means and standard deviations for all measures. One-

way ANOVAs for each variable separately revealed that the bilingual Turkish–Dutch 

group and monolingual Dutch group did not differ significantly on nonverbal IQ or on 

visuospatial short-term memory. Furthermore, there were no differences in verbal 

short-term memory as measured with digit recall in the native language. However, 

the Turkish–Dutch children did obtain lower verbal short-term memory scores as 

measured with word recall compared with the Dutch children not only in their second 

language, F(1,125) = 17.83, p < .01, ω² = .34, but also in their native language, F(1, 

125) = 10.01, p < .01, ω² = .26.

Vocabulary Tasks

Vocabulary measures showed a similar pattern of differences (see Table 2), with 

the Turkish–Dutch children performing at a lower level not only for Dutch vocabulary 

at Time 1, F(1, 125) = 103.72, p < .01, ω² = .67, and at Time 2, F(1, 125) = 128.23, 

p < .01, ω² = .71, but also for their native language at Time 1, F(1, 125) = 135.15, p 

< .01, ω² = .72, and at Time 2, F(1, 125) = 232.12, p < .01, ω² = .80. Note that the 

Dutch and Turkish tests were constructed to be equivalent parallel tests.

Phonotactic Probability Effect in Nonword Recall

To examine whether phonotactic probability influenced verbal short-term recall, 

two-way repeated measures ANOVAs with group (Turkish–Dutch or Dutch) as a 

between-participants factor and phonotactic probability (high or low) as a within-

participants factor were conducted for each language separately. The results are 

depicted in Table 2 and Figure 1. The analyses established a significant main effect 

of phonotactic probability for both the Dutch language, F(1, 125) = 77.75, p < .01, 
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Table 2  Descriptive Statistics of all Measures for Both Groups 

Variable Turkish-Dutch group (n = 60) Dutch group (n = 67)

M SD Observed range M SD Observed range

Control measures

   Nonverbal IQ 12.3 2.6 5-19 12.1 3.2 6-22

   Visuospatial recall    9.6 3.2 1-23  9.6 3.4 1-17

   Digit recall  14.3 4.1 5-24 14.4 4.7 5-24

   Word recall: Dutch 9.9 3.7 0-21 12.9 4.3 0-22

   Word recall: Turkish 10.7 3.6 0-19

Vocabulary  

   Time 1: Dutch 14.1 3.7 7-24 20.7 3.6 10.8-28.0

   Time 1: Turkish      14.1 2.7 9.3-20.0

   Time 2: Dutch      20.0 3.1 14.0-26.5 27.5 4.2 17.9-35.0

   Time 2: Turkish      18.0 2.5 10.5-24.0

Nonword recall

   High-probability: Dutch  4.6 2.2 0-9  6.1 2.4 1-12

   High-probability: Turkish  5.8 2.4 1-11 3.6 2.8 0-11

   Low-probability: Dutch  2.7 1.9 0-9 4.0 2.6 0-11

   Low-probability: Turkish  2.7 1.9 0-8 2.1 1.6 0-7
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Figure 1. Turkish-Dutch and Dutch children’s recall of nonwords with low phonotactic probability (low 
probability) and nonwords with high phonotactic probability (high probability) in the Dutch and Turkish 
language.
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and the Turkish language, F(1, 125) = 54.28, p < .01, indicating that nonwords with 

high phonotactic probability were recalled better than nonwords with low phonotactic 

probability. Furthermore, a significant main effect of group was present in both the Dutch 

language, F(1, 125) = 11.25, p < .01, and the Turkish language, F(1, 125) = 23.07, p < .01. 

In Dutch, the monolingual Dutch children outperformed the bilingual Turkish–

Dutch children who were learning Dutch as their second language; in Turkish, the 

Turkish–Dutch children outperformed the Dutch children for whom the language 

was completely new. In the Turkish language, group interacted with phonotactic 

probability, F(1, 125) = 9.28, p < .01, as expected. The Turkish–Dutch children 

showed better recall of nonwords with high phonotactic probability (M = 5.8, SD 

= 2.4) compared with their Dutch peers (M = 3.6, SD = 2.8), whereas both groups 

showed similar recall for nonwords with low phonotactic probability (Turkish–Dutch 

group M = 2.7, SD = 1.9, Dutch group M = 2.1, SD = 1.6). A similar interaction effect 

was expected in the Dutch language. However, the results revealed that the Turkish–

Dutch children had also more difficulty in recall of nonwords with low phonotactic 

probability (M = 2.7, SD = 1.9) compared with the Dutch children (M = 4.0, SD = 

2.6). Another unexpected finding was the small but significant phonotactic probability 

effect on Dutch children’s recall of Turkish nonwords. Dutch children, who did not 

have any substantial experience with the Turkish language, showed greater recall of

Turkish nonwords with high-probability (M = 3.6, SD = 2.8) than of Turkish nonwords 

with low phonotactic probability (M = 2.1, SD = 1.6), although the effect was much 

smaller than that for the Turkish–Dutch children (M = 5.8, SD = 2.4 and M = 2.7, SD 

= 1.9, respectively).

Nonword Recall, Word Recall, and Vocabulary

Hierarchical regression analyses were used to determine to what extent recall of 
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nonwords with low phonotactic probability, recall of nonwords with high phonotactic 

probability, and recall of words predicted vocabulary, controlling for nonverbal IQ. 

The three measures of verbal short-term memory were assumed to reflect different 

degrees of support by long-term language knowledge. The order of entry of the three 

measures in the regression equation was based on this assumption. The most pure 

measure of verbal short-term memory, free of long-term phonotactic knowledge as 

well as lexical–semantic knowledge support, was entered first to assess whether 

differences in a general capacity to remember sound structures predicted differences 

in vocabulary. Subsequently, adding nonwords with high phonotactic probability 

to the model estimated whether the capacity to remember highly frequent sound 

structures, for which knowledge of phonotactics could be used as support, was 

important for vocabulary development. Finally, adding the measure of word recall, for 

which both phonotactic and lexical–semantic knowledge could be used as support, to 

the model estimated whether additional lexical–semantic knowledge was important 

for vocabulary development. The results of the regression analyses are presented 

in Table 3. 

To control for possible differences in nonverbal IQ, this variable was entered 

as a first step in the regression analyses. Only in the Dutch group did nonverbal 

IQ significantly predict vocabulary (R² change = .16, p < .01). Recall of nonwords 

withlow phonotactic probability in Dutch, entered in the second step of the regression 

analyses, predicted Dutch vocabulary in both groups (R² change = .10–.20, p’s < 

.01), indicating that a general capacity to remember sound structures was related to 

vocabulary test scores. However, in the Turkish language, this effect was not found.

When controlling for nonwords with low phonotactic probability, recall of nonwords 

with high phonotactic probability, entered in the third step, significantly predicted 

vocabulary in all three analyses (R² change = .10–.17, p’s < .05), suggesting that 
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the capacity to remember highly frequent sound structures is important for native- 

and second-language vocabularies. When adding recall of words as a final step, 

additional variance was explained only in the native language of both groups 

(R² change = .04–.18, p’s < .05), showing that not only the capacity to remember 

Table 3 Hierarchical Regression Analyses for Three Measures of Verbal Short-Term Memory 
Predicting Vocabulary in the Native and Second Language, after Controlling for Nonverbal IQ 

Predictor Turkish-Dutch group

______________________________        

Dutch group

____________

Turkish vocabularya Dutch vocabularyb Dutch vocabularyc

β Δ R² β Δ R² β Δ R²

Step 1 .01 .00 .16**

     Nonverbal IQ -.09 .02 .40**

Step 2 .02    .20** .10**
     Nonverbal IQ -.08 .01 .40**
     Nonword low-probability -.13  .45**   .32**

Step 3   .10*    .11**   .17**
     Nonverbal IQ -.07 -.00 .36**
     Nonword low-probability -.15 .25 .13

     Nonword high-probability   .31*    .38**    .45**

Step 4    .18** .04 .04*
     Nonverbal IQ -.04 .01 .33**
     Nonword low-probability -.23 .25 .09

     Nonword high-probability  .10  .31*    .42**

     Word   .49* .20  .22*

R² Total    .30**    .34**  .47**

an = 57. bn = 56. cn = 64. 
*p < .05  **p < .01
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sound structures but also the additional lexical–semantic component was positively 

related to vocabulary. In the final model, word recall, comprising both phonotactic and 

lexical–semantic knowledge, was the only significant predictor of Turkish vocabulary. 

For Dutch vocabulary in both groups, recall of nonwords with high phonotactic 

probability, requiring phonotactic but not lexical–semantic knowledge, was the most 

important predictor. In total, 30–47% of variance in vocabulary skills was accounted 

for by nonverbal IQ and these three measures of verbal short-term memory. 

Discussion

In the current study, we hypothesized that young children’s knowledge of the 

phonotactic structure of a particular language influences their verbal short-term 

memory in that language. It was argued that if knowledge of the phonotactic structure 

of a language influences verbal short-term memory in that language, recall should 

be greater for nonwords with high phonotactic probability than for nonwords with low 

phonotactic probability in that language. The influence of prior language experience 

on this effect was studied by comparing nonword recall of monolingual Dutch children 

and bilingual Turkish–Dutch immigrant children in both Dutch and Turkish. It was 

predicted that the monolingual Dutch children, by virtue of their greater knowledge of 

the phonotactics of Dutch due to far more extensive exposure, would show a stronger 

effect of phonotactic probability in nonword recall in Dutch than would bilingual 

Turkish–Dutch children. Conversely, it was predicted that Turkish–Dutch children, 

by virtue of their greater knowledge of Turkish phonotactics, would show a stronger 

phonotactic probability effect in nonword recall in Turkish than would Dutch children. 

In addition, Turkish–Dutch children were expected to show a phonotactic probability 

effect in Dutch because of the fact that Turkish–Dutch children, being bilingual, 

have been exposed to Dutch. But for Dutch children, we expected no phonotactic 
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probability effect at all in Turkish because Turkish was an unfamiliar language for 

them. Moreover, no differences in nonword recall were expected between the groups 

with regard to nonwords with low phonotactic probability in either language. Finally, 

we examined to what extent phonotactic knowledge support in verbal short-term 

memory was related to children’s vocabulary. 

Phonotactic Probability Effect in Nonword Recall

To study the effect of phonotactic knowledge on verbal short-term memory, we 

developed nonword recall tasks with nonwords of either high or low phonotactic 

probability. The difference in phonotactic probability, based on high versus low 

frequency of the phoneme clusters used to construct the nonwords, proved to 

be valid and perceivable by native speakers (Frisch et al., 2000). Moreover, the 

neighborhood size of the constructed nonwords was very low (Thorn & Frankish, 

2005), and the articulation rate, the number of phonemes, and the number of 

consonant clusters either did not differ between the two types of nonwords or would 

attenuate the expected phonotactic probability effect. In view of this, the main results 

of the study can be seen as supporting the hypothesis; Dutch children showed a 

clear phonotactic probability effect in Dutch, and Turkish–Dutch children showed a 

clear phonotactic probability effect in Turkish, indicating that sublexical knowledge 

supports nonword recall. Given the low neighborhood size of the nonwords, the 

language-likeness effects in nonword recall cannot be attributed to lexical–semantic 

support by neighbor words in the mental lexicon, as has been suggested by others 

(Roodenrys & Hinton, 2002). The current study extends the findings of Thorn and 

Frankish (2005) with monolingual adult participants by showing that the phonotactic 

probability effect is already present at a young age. 



109

Phonotactic probability and nonword recall

Influence of Prior Language Experience

The second hypothesis of the study, namely that the magnitude of the 

phonotactic probability effect depends on prior experiences with the language, was 

partially supported. If knowledge of the distribution of phoneme clusters in a particular 

language, phonotactic knowledge, supports nonword recall, an interaction effect of 

group (monolingual vs. bilingual) with phonotactic probability would be expected for 

both languages, with the two groups performing equally well on the low-probability 

nonwords in both languages and showing greater recall of the high-probability 

nonwords as a result of their language experience. Therefore, the monolingual 

Dutch children, being raised in Dutch from birth onward, were expected to show a 

phonotactic probability effect in the Dutch language only because Turkish is a new 

language for them. The bilingual Turkish–Dutch children, who spoke predominantly 

Turkish at home and started learning Dutch at a later age and less intensively via 

older siblings and enrollment in preschools, were expected to show a phonotactic 

probability effect in both languages but, compared with their Dutch peers, a stronger 

effect in Turkish and a less strong effect in Dutch. The results partly confirm these 

hypotheses. Indeed, in the Turkish language, the expected interaction effect was 

established, with the Turkish children showing a greater phonotactic probability effect 

in their native language compared with their Dutch peers. In the Dutch language, the 

Dutch children outperformed the Turkish–Dutch children. However, unexpectedly, 

there was no interaction effect due to the fact that the Dutch children also scored 

higher than the Turkish–Dutch children in recall of nonwords with low phonotactic 

probability. 

A possible explanation is that the phonotactic knowledge of the Dutch children is 

more extensive and entrenched due to a longer period of language input, supporting 

even the storage of relatively infrequent phoneme clusters (Edwards, Beckman, & 
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Munson, 2004; Ellis, 2002), an advantage that is not available to Turkish–Dutch 

children for whom Dutch is their second language. The fact that a similar advantage 

in recalling phonotactically low-probability nonwords was not found for the Turkish–

Dutch children in Turkish can perhaps be explained by the comparatively less well-

entrenched knowledge of Turkish due to the bilingual situation. However, a more 

plausible explanation is that the Turkish low-probability nonwords used in this study 

were less language-like than the Dutch lowprobability nonwords, as indicated by 

lower ratings of wordlikeness by the native speakers in the panel check. Thus, the 

greater recall of Dutch low-probability nonwords by Dutch children compared with 

the Turkish–Dutch children does not necessarily refute the main hypothesis of the 

current study. 

A second unexpected finding was that the monolingual Dutch children, who had 

no prior experience with the Turkish language, showed a phonotactic probability 

effect in Turkish, although it was much smaller than that for the Turkish children. 

Even though we cannot completely rule out the possibility that Dutch children have 

encountered the Turkish language through peers, a more plausible explanation for 

this effect seems to be a possible transfer of knowledge between the languages 

(Ellis & Beaton, 1993). The current study was not designed to further disentangle 

these cross-linguistic sources of phonotactic support, but tentative conclusions 

can be drawn from additional analyses. Further exploration of the lists of biphone 

frequencies in Turkish and Dutch, extracted from the corpora that were constructed 

for the current study, yielded a correlation of r = .48 (p < .001), indeed suggesting 

considerable overlap of phoneme clusters between the two languages. Additional 

cross-linguistic exploration of the nonwords¹ revealed that the nonwords with high 

phonotactic probability in Turkish indeed also had higher phonotactic probability in 

Dutch. Thus, the Dutch children could partly use their Dutch phonotactic knowledge 
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to support their recall of high-probability Turkish nonwords. In the case of Dutch 

nonwords, further exploration revealed no differences in Turkish phonotactic 

probability. Thus, the Turkish–Dutch children probably did not have additional 

support in Dutch nonword recall from their knowledge of Turkish.

Taken together, the fact that the Turkish–Dutch children showed a greater 

phonotactic probability effect in their native language Turkish compared with their 

Dutch peers and the fact that the monolingual Dutch children outperformed the 

bilingual Turkish–Dutch children in their native language Dutch are in agreement 

with the hypothesis that phonotactic knowledge influences verbal short-term recall. 

The more input a child has received in a particular language, the more entrenched 

the phonotactic knowledge base of that language is in the child and the more support 

there is to sustain new aspects of that language in memory for short periods of time 

while constructing long-term representations. 

Bilingual Children’s Phonotactic Knowledge Support

The Turkish–Dutch children had some support of phonotactic knowledge 

in Dutch, but performance was far below that of the Dutch children. Because the 

Turkish–Dutch and Dutch children did not differ in nonverbal intelligence, visuospatial 

short-term recall, and verbal short-term recall for highly automated digit knowledge, 

¹ As a further check, the Dutch high and low phonotactic probability nonwords were examined 
for phonotactic probability in our Turkish corpus, and the Turkish nonwords in our Dutch corpus. 
Approximate cross-linguistic diphone frequencies were derived by changing the Dutch graphemes into 
the phonetically best corresponding Turkish graphemes in the following way: aa = ağ; ai = ay; c = k; dj = 
c; tj = ç; ee = eğ / iğ; i = i (end of word); j = y; zj = j; oo = oğ; sj = ş; u =  ı; uu = ü; v = v (end of syllable); w 
= v (beginning of syllable); eu = ö; oe = u; ie = i (except when end of word). One-way ANOVA’s revealed 
a significant difference in cross-linguistic phonotactic frequency for the Turkish nonwords, with a higher 
Dutch phonotactic probability count for the Turkish high probability nonwords (M = 112.0) compared to 
the Turkish low probability nonwords (M = 27.2), F(1,70) = 9.6, p < .01. The Dutch nonwords showed 
no significant differences in Turkish phonotactic frequency (M = 98.3 and M = 147.7 for the Dutch high 
probability and Dutch low probability nonwords respectively), F(1,70) = 1.0, p > .10.
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it is not likely that these group differences can be attributed to differences in general 

cognitive abilities. These results suggest that because of a disadvantage at the very 

basic level of phonotactic knowledge acquisition, the Turkish-dominant bilingual 

children had more difficulties with sustaining new aspects of the Dutch language 

in their memory for short periods of time and, as a result, were hampered in their 

construction of long-term representations. Because phonotactic knowledge starts to 

develop during infancy and is language-specific (Jusczyk et al., 1994), it could be 

that the specialized knowledge of the native language impedes short-term memory 

in the second language, as was argued in the Introduction of the current study. In 

line with this argument, a study with bilinguals showed that even after extensive 

exposure to a language, phonotactic structures that were illegal in the first language 

were not acquired (Sebastian-Galles & Bosch, 2002). In the current study, the 

unexpected phonotactic probability effect in Turkish found for the monolingual 

Dutch group and the positive correlation between the lists of biphone clusters of 

Dutch and Turkish provide tentative support for the hypothesis of positive transfer 

from the native language to the second language. Experimental research among 

English–Lithuanian bilinguals indeed has shown that consonant clusters that were 

common in both languages were rated as more acceptable than clusters that were 

language-specific but that these ratings depended on the bilinguals’ proficiency 

in the languages (Anisfeld, Anisfeld, & Semogas, 1969). So, although language 

dominance may impede the acquisition of certain phoneme clusters that are specific 

for the second language and illegal in the first language, it is a distinct possibility that 

knowledge of phonotactic patterns common to both languages is transferred from 

the native language to the second language and thus supports verbal short-term 

recall in the second language (see also Ellis & Beaton, 1993). 
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Verbal Short-Term Recall and Vocabulary

Knowing that phonotactic probability influences verbal short-term recall, thereby 

increasing the capacity to sustain new verbal input, the question arises as to 

what this might imply for vocabulary acquisition. The regression analyses showed 

that, after statistically controlling for nonverbal IQ and the general ability to store 

sounds in memory (phonological loop capacity), phonotactic knowledge was an 

important predictor for both the native- and second-language vocabularies of the 

children. This conclusion is supported by experimental word learning studies with 

monolingual children at the preschool age that demonstrated superior learning 

of nonwords with high phonotactic probability compared with nonwords with low 

phonotactic probability (Storkel, 2001, 2003). For highly probable nonwords, fewer 

exposures were needed to learn the nonwords, whereas more associations with 

lexical-semantic representations were established. Thus, knowledge of phonotactics 

facilitates word learning, a support that is less available for the Turkish–Dutch 

children in their second language, Dutch. The final models of the regression 

analyses further revealed possible language-specific differences in the relative 

importance of phonotactic knowledge for vocabulary acquisition. Whereas for the 

Dutch language phonotactic knowledge was most important, also for the Turkish–

Dutch children in this study, lexical–semantic knowledge was the most important 

predictor of Turkish vocabulary skills. These results could perhaps be explained by 

the lower native speaker ratings of wordlikeness of both sets of Turkish nonwords 

compared with the Dutch nonwords even though phonotactic probabilities were 

roughly equal. Another interesting idea, however, is that phonotactic knowledge 

support has a different impact for different languages. Although an explanation in 

terms of structural differences between the languages is beyond the scope of this 

article, it has been argued in the area of literacy development that Turkish, being 
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an agglutinating language where suffixes constantly change phonological form as a 

function of vowel harmony, shows a developmental trajectory different from that of 

English (Durgunoğlu, 2006; Durgunoğlu & Oney, 1999) and perhaps also different 

from that of Dutch. Teasing apart the influence of phonotactic knowledge relative to 

lexical–semantic knowledge in vocabulary acquisition would be interesting for future 

cross-linguistic studies. Nonetheless, the current study has provided substantial 

evidence for the hypothesis that phonotactic knowledge support in verbal short-term 

recall is an important predictor of vocabulary in young monolingual and bilingual 

children in their native language as well as their second language. 

Limitations and Recommendations

To have highly comparable measurement instruments for both languages, 

we developed our own corpora from cross-translated novels. Although Dutch is a 

transparent language (De Jong & Van der Leij, 1999) and Turkish is even considered 

to be perfectly transparent (Durgunoğlu, 2006), and even though the panel check 

confirmed that the bigram frequency measures of wordlikeness were perceived 

in the same way by native speakers, the method did have some limitations. 

First, instead of orthographic information, ideally, spoken language corpora with 

phonological representations should have been used to construct the nonwords. 

Second, the native speakers’ wordlikeness ratings were lower for the Turkish 

nonwords than for the Dutch nonwords. An explanation might be that we used 

word forms and not lemmata to count bigram frequencies because Turkish is an 

agglutinating language and therefore lemma counts would imply a substantial loss 

of phonological information. Another possibility is that the monosyllabic nonwords 

might have sounded less wordlike because monosyllabic words are rare in Turkish. 

Further improvement of the instrument could make it possible to distinguish even 
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more precisely between recall for nonwords with high phonotactic probability and 

recall for nonwords with low phonotactic probability. Nonetheless, the results show 

that the nonwords used in the current study were sufficient to provide evidence for 

the phonotactic probability effect in nonword recall. 

Based on the current findings, some recommendations for future studies can 

be made. First, earlier studies showed that the phonological loop is related not only 

to vocabulary skills but also to other aspects of language development in the native 

language (Adams & Gathercole, 2000) and in a second language (O’Brien et al., 

2006). Therefore, it would be interesting to study the role of phonotactic knowledge 

support in other domains of language acquisition such as syntactic skills. Second, 

longitudinal studies are needed to provide necessary insights into the development 

of phonotactic knowledge support in the native and second languages. For bilingual 

children, such as the Turkish–Dutch group in the current study, an important question 

is whether the disadvantages in their second-language phonotactic knowledge 

support are reduced once they are exposed to a rich second-language environment 

such as the school. Furthermore, although the current study highlighted the 

importance of studying minority groups in experimental designs, the Turkish–Dutch 

group is not a balanced bilingual group with equally rich linguistic environments 

in both languages. Therefore, it is recommended to investigate the support of 

phonotactic knowledge in balanced bilingual children and in native Turkish children 

growing up in Turkey. Also, it would be interesting to look at the language-learning 

opportunities of these children in both their native and second languages in future 

studies and to investigate the role of parents’ socioeconomic status and informal 

education in the home environment in developing phonotactic knowledge support. 

Third, correlational analyses as in the current study do not rule out the possibility that 

growth in vocabulary increases the influence of phonotactic knowledge on verbal 
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short-term recall instead of the reverse, as was shown, for example, by the study of 

Munson, Kurtz, and Windsor (2005). Previous longitudinal studies with monolingual 

children suggest that the relationship between the phonological loop and vocabulary 

development is reciprocal, with the phonological loop being especially important 

during the early stages of language development between the ages of 4 and 6 years. 

Monolingual children with persistent poor phonological loop capacities still develop 

normal vocabulary levels when compensated by rich exposure (Gathercole et al., 

2005). It would be very interesting to study whether the phonological loop is again 

relevant when the children encounter difficult words in a context that provides little 

direct and concrete support for the meanings such as an abstract academic text. 

In addition, in the case of second-language acquisition, it has also been suggested 

that with considerable familiarity with a language, vocabulary knowledge becomes 

more important in the acquisition of new words compared with the phonological 

loop (Masoura & Gathercole, 2005). Therefore, longitudinal studies, preferably 

with intervention, are needed to determine whether disadvantages in phonotactic 

knowledge support have lasting effects on vocabulary acquisition.



117

Phonotactic probability and nonword recall

Appendix A. Nonword Recall Tasks Stimuli

Dutch Turkish
Low-probability High-probability Low-probability High-probability

Block 1
1 Jimf Zwag Tüj Tım
2 Dwup Grops Çupk Raşt
3 Pjoef Zils Föçr Şirp
4 Fosk Brof Böv Lunç
5 Pifp Traa Oşp Feğ
6 Faup Gleg Goçk Lıms
Block 2
1 Pjosr Fnup Grigt Zwop Fögl Büj Rım Vey
2 Fuup Pjif Spraam Kwig Kzıt Guc Prül Lıns
3 Vub Puif Zifs Bropt Glüp Nöj Tırt Lec
4 Fjaip Dzub Greel Knit Pöc Gubt Kınt Tişt
5 Fip Posf Knog Glin Vıp Löç Şim Lırp
6 Pgup Dwuuf Ziks Glof Löf Moh Zış Tul
Block 3
1 Mwup Fjif Njos Brop Sning Knilk Vüğ Ibl Höjp Kışt Çils Lırk
2 Ims Fwup Pjai Zilg Brong Tris Ibk Plöv Zühp Nılk Rınç Külf
3 Bnup Osf Fjeum Snins Glirg Ceng Pröç Küg Voh Lürt Dıy Lın
4 Fwut Gjuip fimk Fling Brops Zwis Vüp Zöm Jiv Kım Diy Lüsk
5 Djai Pwut Fibs Vlop Snilg Kwin Sögl Cup Pıh Lıç Girç Nım
6 Zup Kjif Fjui Zwit Snint Dromp Pölg Vıvl Büsp Kürş Muy Zın

Note. Because no child exceeded block three, only the nonwords of the first three blocks are listed. 

Appendix B. Turkish and Dutch corpora

Set 1: Cross-translated novels. Identical samples of text were taken from 11 novels available 

in official translations for both languages (5 were originally written in Dutch, 4 in Turkish, and 2 

in other languages), yielding a total of 34,734 Turkish words and 47,242 Dutch words. Names, 

foreign words, abbreviations, and onomatopoeia were excluded from the corpora.
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Set 2: Cross-translated children’s books. The child corpora were created using the complete 

texts of 42 books for children in the preschool and primary school ages available in official 

translations for both languages (26 Dutch origin, 6 Turkish origin, and 10 other language 

origin). This resulted in two equivalent written language corpora (18,107 Turkish words and 

23,614 Dutch words) from which names, foreign words, abbreviations, and onomatopoeia 

were excluded.
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Abstract

This longitudinal study followed the development of verbal short-term memory 

in 72 monolingual Dutch and 69 bilingual Turkish-Dutch children from 4 to 6 years of 

age. Latent Growth Modeling showed that developmental increases in verbal short-

term memory could be entirely explained by growing language knowledge, which in 

turn facilitated verbal short-term memory. The study focused on a specific source of 

long-term knowledge support, i.e. knowledge of the statistical distribution of phoneme 

clusters in a language, so called phonotactic knowledge. The greater developmental 

improvement of recall for nonwords with high phonotactic probability compared to no 

development improvement of recall for nonwords with low phonotactic probability, 

showed that phonotactic knowledge became more entrenched over the preschool 

years in both the monolingual and bilingual children. Phonotactic knowledge was 

superior in the monolingual children as compared to the bilingual children who just 

started learning their second language. As the rate of development was equal in 

both groups over the years, this disadvantage was not reduced by the richer second-

language environment provided to the children at school.      

Introduction

Verbal short-term memory plays a crucial role in the acquisition of vocabulary 

in both native and second languages: Children with greater capacity to actively 

represent novel verbal items for a short period of time, need fewer exposures to 

consolidate this representation in long-term memory and will make less mistakes 

during the process. Increasing evidence suggests that the capacity of verbal short-

term memory itself is influenced by long-term knowledge, implying that mutually 

reinforcing processes are taking place The capacity to remember novel verbal 

material is augmented by previously acquired knowledge and thus the linguistic 
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input a child has received. A crucial question is whether this cognitive capacity to 

remember completely novel verbal material, which is suggested to be highly heritable 

(Gathercole, 2006), shows developmental improvement over the kindergarten years 

when all long-term knowledge influences and thus the influences of the linguistic 

environment of a child are filtered out.

Recently, it has been shown that the source of long-term memory influence is 

not purely lexical-semantic; there is additional contribution of long-term knowledge 

concerning the distribution of phoneme clusters in a language, so called long-term 

phonotactic knowledge (Kovacs & Racsmany, 2008; Majerus, Van der Linden, 

Mulder, Meulemans & Peters, 2004; Messer, Leseman, Boom & Mayo, 2010; Thorn 

& Frankish, 2005). Especially this latter type of long-term knowledge support seems 

important in the early stages of word learning. Many bilingual children all over the 

world develop a knowledge base in one language first, after which a second language 

is learned. For these bilingual children, this would imply that the crucial interface 

between language input and what is learned from the input is perhaps less sufficient 

for the second language, constituting a cumulative risk. In The Netherlands, for 

example, there is a large group of Turkish-Dutch immigrant children with persistent 

disadvantages in Dutch language and literacy development compared with native 

Dutch children at the start of primary school (e.g. Aarts & Verhoeven, 1999; Centraal 

Bureau voor de Statistiek [CBS], 2008; Leseman, 2000; Leseman & De Jong, 1998; 

Leseman & Van den Boom, 1999). Disentangling different factors leading to their 

language disadvantages at an early age is of great importance for intervention 

purposes. For most Turkish immigrant children in The Netherlands, Turkish is 

their home language and school enrolment at he age of 4 often marks their first 

full submersion in a primarily Dutch language environment. In a previous study, we 

have shown that 4-year-old Turkish-Dutch children indeed had less support from 
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phonotactic knowledge for their second language Dutch compared to their native 

language and compared to monolingual Dutch peers, which was an important 

predictor for their lower Dutch vocabulary level (Messer et al., 2010). These bilingual 

children thus had a disadvantage at the very basic level of phonotactic knowledge 

acquisition in their second language, leading to difficulties with sustaining new 

aspects in their memory for short periods of time and, as a result, hampering their 

construction of long-term representations. The current study is a longitudinal follow-

up of the children, to investigate the development of this phonotactic knowledge 

support. An important question for these children is whether the disadvantages in 

their second-language phonotactic knowledge support were reduced after 2 years of 

exposure to a rich second-language environment at school. Moreover, for scientific 

theory, the use of bilingual subjects in comparison to monolingual children provides 

an experiment of nature to investigate the relative influences of the linguistic 

environment on verbal short-term memory development. 

Verbal Short-Term Memory Development

During childhood, the capacity of verbal short-term memory grows significantly, 

as is shown for example by large cross-sectional studies with monolingual children 

covering the age range of 4 to 15 years (Alloway, Gathercole, & Pickering, 2006; 

Gathercole, Pickering, Ambridge & Wearing, 2004). Children are able to remember 

increasingly longer sequences of digits or words, from two to three items at the 

age of 4 to around six items when they are 12 years old (Gathercole, 1998). As 

with monolingual children, studies with bilingual children and children learning a 

second language in a foreign language class have revealed a growth in verbal short-

term memory performance, both in the native language of the subjects (Chincotta 

& Underwood, 1997; Hu, 2003; Swanson, Sáez & Gerber, 2006), and in the second 
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language (Chiappe, Siegel & Wade-Woolley, 2002; Chincotta & Underwood, 1997; 

French & O’Brien, 2008; Service, 1992; Service & Kohonen 1995, Swanson et al., 

2006). Different mechanisms have been put forward to explain this growth, derived 

from the different processes hypothesized to be involved in the repetition, recognition 

or recall of verbal material (see for reviews: Cowan & Alloway, 2008; Gathercole, 

1998, 1999). 

According to the widely used working memory model of Baddeley and Hitch 

(1974), incoming verbal information is stored temporarily in a phonological form in 

the storage component of the so-called phonological loop, where the memory trace 

decays in about 2 seconds if not rehearsed. A subvocal rehearsal system refreshes 

information in the phonological loop, by rehearsing verbal information out loud or 

silently, as a strategy to prevent decay of the memory trace. Traditionally it was 

thought that the developmental increase in memory span could be entirely explained 

by the growth in articulation rate. Because adults articulate more rapidly than young 

children, the speed of subvocal rehearsal, taking place in real time, increases and as 

a result the number of memory traces that can be refreshed in the phonological store 

(Hulme, Thomson, Muir & Lawrence, 1984). Since there are indications that the 

subvocal rehearsal strategy is used only from the age of 7 years onwards (Baddeley, 

Gathercole & Papagno, 1998), this mechanism can not explain the substantial 

growth in memory performance over the first years of life. An alternative way in which 

growth in articulation rate might influence the retention of verbal material in younger 

children as well, is during the response period. In that case, a measure of spoken 

duration of each word during recall is taken, instead of measuring the number of 

words a child can repeat as fast as possible per second as a measure of rehearsal 

speed (Cowan et al., 1994, 1998; Henry, 1991). A second suggested mechanism 

explaining growth is a decrease in the rate of decay of memory traces as children 
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get older (Cowan, Nugent, Elliott & Saults, 2000; Gomes et al., 1999). Although the 

working memory model of Baddeley and Hitch assumes that the rate of decay is 

about 2 seconds in all individuals and does not change across age, behavioural and 

electrophysiological studies have shown a developmental change in the duration of 

auditory sensory memory (Cowan et al., 2000; Gomes et al., 1999). A third suggested 

mechanism, that remains a point of debate, is the growth of capacity with maturation, 

defined as the number of units that can be held active at one time (Cowan & Alloway, 

2008). Fourth, research with adults has shown that even in simple verbal short-term 

memory tasks such as remembering a sequence of letters, part of the prefrontal 

cortex is activated when the sequence exceeds the capacity of the subject (Rypma, 

Prabhakaran, Desmond, Glover & Gabrieli, 1999). Activation in the prefrontal cortex 

is associated with executive functions, such as focusing of attention, inhibition of 

irrelevant information, task monitoring, maintaining a goal, and up-dating (Smith & 

Jonides, 1999). The prefrontal cortex starts to develop around 1 year of age and 

shows maturation until adolescence (e.g. Diamond & Goldman-Rakic, 1989; Giedd 

et al. 1999; Gogtay et al. 2004), and might thus increasingly aid performance on 

verbal short-term memory tasks. A final, and perhaps most powerful mechanism 

of growth that is proposed, is the use of knowledge representations in long-term 

memory to support short-term storage (e.g. Roodenrys, Hulme & Brown, 1993).

Recently, two studies have suggested that the developmental increase in verbal 

short-term memory can be entirely explained by growing long-term knowledge 

support. First, a cross-sectional study with children from 3 to 16 years of age showed 

that the best model explaining the most variance in verbal short-term memory across 

these ages was one with two separate factors: a capacity factor and a language factor. 

The capacity factor was not related to age while the language factor was, indicating 

that a measure of verbal short-term memory that was free of language knowledge 
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did not increase over time, at least not after the age of 3 (Ottem, Lian & Karlsen, 

2007). Second, Jones, Gobet and Pine (2007) developed a computational model to 

explain the relation between verbal short-term memory and long-term knowledge. In 

the model, a verbal short-term memory component was included, where information 

decayed after 2 seconds and where only a limited amount of chunks could be stored. 

Production data of mothers interacting with their 2-3 year olds and additional words 

from a dictionary were used as input, from which the model built a hierarchy of 

phonemes and phoneme sequences. For each phoneme sequence in the input 

matching a sequence in long-term memory, a pointer to the relevant node in long-

term memory was placed in verbal short-term memory. With increasing input, longer 

sequences could be chunked in a single node. The amount of information that could 

be stored in short-term memory was thus moderated by the amount of information 

in long-term memory. At different stages of input, the model performed a nonword 

repetition task, a task often used to measure verbal short-term memory because 

the non existing words resemble the learning of newly encountered words for 

which no lexical representation is available yet. The simulation data very accurately 

resembled experimental nonword repetition data from 2-3 and 4-5 year olds. These 

two studies tentatively suggest that developmental increases in performance on 

verbal short-term memory tasks can be explained by, on the one hand, a fixed but 

inter-individually differing capacity and rate of decay, and on the other hand, the use 

of a growing body of long-term knowledge to support maintenance of short-term 

representations. 

Some indirect evidence comes from two longitudinal studies investigating the 

influence of growing language knowledge on short-term memory. First, a study with 

monolingual children between 4 and 5 years of age demonstrated a wordlikeness 

effect: Nonwords rated by native speakers as sounding language-like were repeated 
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better than language-unlike nonwords, with greater improvement for the language-

like set and thus an increasing wordlikeness effect with age (Gathercole, 1995). 

The stronger growth for the language-like nonwords suggested that the long-term 

knowledge base, which in turn facilitated recall, increased with age. Unfortunately, 

the study did not specify whether the growth of language-unlike nonwords, a measure 

free of long-term knowledge influences, was only smaller, or whether there was no 

growth at all. Second, a study with Francophone 11-year-old students learning English 

as a second language during a 5 months program measured nonword repetition at 

the beginning and end of the program. While the children’s performance increased 

for English nonwords, there was no increase for Arabic nonwords, a language 

unknown to the children. Apparently, there was no developmental improvement in 

verbal short-term memory for a measure that was relatively free from long-term 

knowledge influences, while there was improvement for a measure that depended 

upon acquired knowledge of English (French & O’Brien, 2008). There is thus initial 

evidence suggesting that the growing long-term knowledge base, which depends on 

linguistic input, is the driving force behind the growth of verbal short-term memory, 

and that all other suggested mechanisms of growth remain stable over time or are a 

derivative of growing language knowledge. 

Phonotactic Knowledge Development

In the studies reviewed so far, the precise sources of the growing language 

knowledge that facilitated recall were not disentangled. A remaining question to 

be answered is whether the support of phonotactic knowledge in particular shows 

developmental improvement over time. Already at 9 months of age monolingual 

children show preferences for phoneme clusters that characterize their native 

language and for nonwords with high phonotactic probabilities compared to infrequent 
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nonwords (Jusczyk, Luce, & Charles-Luce, 1994). Infants use this distributional 

knowledge to identify individual words in a speech stream (Mattys & Jusczyk, 2001), 

an ability related to later vocabulary and grammatical skills in the preschool age 

(Newman, Bernstein Ratner, Jusczyk, Jusczyk, & Dow, 2006). Studies with bilingual 

participants have shown that phonotactic knowledge of the native language has 

considerable effects on the acquisition of phonotactics in a second language. In a 

study with Spanish-Catalan bilingual children and adults, for example, it was shown 

that even after extensive exposure to the second language, phonotactic structures 

that were illegal in the subjects’ native language were not acquired (e.g. Sebastian-

Galles & Bosch, 2002). From a young age onwards the knowledge base thus 

specializes in the phonotactic probabilities of the native language, making it highly 

efficient for native-language acquisition, but delaying or even partly impeding the 

development of phonotactic knowledge and thereby short-term memory for a foreign 

language.

To the best of our knowledge, the development of phonotactic knowledge support 

for verbal short-term memory has to date only been investigated in monolingual 

children and only with the use of cross-sectional designs. In these studies, a stronger 

growth in short-term memory for nonwords with high phonotactic probability would 

be expected compared to short-term memory for nonwords with low phonotactic 

probability, if phonotactic knowledge support increases with age. However, these 

studies have revealed mixed results. Coady (2004) studied two groups of children 

aged 2.6 and 3.6 years. Only the children aged 3.6 showed a phonotactic probability 

effect, suggesting that phonotactic knowledge support increases with age. Majerus 

and Van der Linden (2003) studied children aged 6, 8, 10, 13-16 and 20-22 years. In 

all age groups, a phonotactic probability effect was found. Contrary to the previous 

study, however, both kinds of recall developed over the years at a similar pace. 
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In another cross-sectional study with participants aged 3-4, 5-6, 7-8 and adults, 

similar results were found (Edwards, Beckman & Munson, 2004). Both the ability to 

repeat nonwords containing one highly frequent diphone and nonwords containing 

one infrequent diphone increased over the years at a similar pace, and in adults 

the phonotactic probability effect was even smaller. These latter two studies seem 

to suggest that long-term phonotactic knowledge support does not increase, but 

remains stable over the years. From a developmental perspective, the three studies 

together would suggest that the support of long-term phonotactic knowledge in 

monolingual children grows until around the age of 3, after which it does not increase 

any more. 

In sum, different mechanisms have been suggested to explain the growth 

in verbal short-term memory performance over the childhood years: growth in 

articulation rate (improving either subvocal rehearsal or spoken duration during 

recall), decrease in the rate of decay of memory traces, development of capacity, 

development of executive functions, and growth of long-term knowledge support. 

Recent studies have suggested that the development of verbal short-term memory 

can be entirely explained by the growing long-term knowledge base. Longitudinal 

studies are needed to reinforce this proposal. In addition, it is not yet clear whether 

phonotactic knowledge support in particular increases over the years. Research 

with monolingual children has revealed mixed results, and there is no research with 

bilingual children to date.  

The Current Study

In the current study, we investigated the development of verbal short-term 

memory in a longitudinal design, following monolingual and bilingual children between 
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4 and 6 years of age. The development of the support of phonotactic knowledge for 

verbal short-term memory was investigated by comparing the development of recall 

for nonwords with high phonotactic probability with recall for nonwords with low 

phonotactic probability. Both groups of children had just enrolled in the kindergarten 

department of primary school at the start of the study, when the children were 4 years 

old. The Dutch monolingual children, who were exposed to predominantly Dutch home 

and preschool environments for several years before the start of the study, revealed 

a Dutch phonotactic probability effect at the age of 4. The first question is whether 

this support increases over the two following years of the study. The Turkish-Dutch 

children were raised bilingually. Turkish was their first language and the language 

they were exposed to most at home, and Dutch was their second language, provided 

to some extent at home and in addition in preschool settings before the age of 4. 

These children revealed a phonotactic probability effect in Dutch at the age of 4, but 

compared to their Dutch peers their knowledge of Dutch phonotactics was lower 

and, therefore, provided less support to short-term memory. The second question 

is whether the exposure to a rich second-language environment at primary school 

would increase their phonotactic knowledge support over the years of the study, 

reducing the disadvantages compared to their monolingual peers. A final question, 

is whether both groups will also show an increase in their recall for nonwords with 

low phonotactic probability. If not, this would imply that the growth in verbal short-

term memory capacity can be entirely explained by growing language knowledge, 

with a likely influence of the language environment of a child. The longitudinal study 

involved three measurement waves during the kindergarten period, when the children 

were 4, 5 and 6 years of age. First, it was determined whether the monolingual and 

bilingual group did not differ in nonverbal intelligence, visuospatial short-term recall, 

and verbal short-term recall for highly automated digit knowledge, to rule out that 
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group differences could be attributed to differences in general cognitive abilities. In 

addition, vocabulary was measured at Wave 1 to characterize the language abilities 

of both groups of children. Subsequently, Latent Growth Modeling (LGM) was used 

to analyze the development of nonword recall performance for nonwords with low 

Dutch phonotactic probability and nonwords with high Dutch phonotactic probability, 

and to analyze possible group differences. Besides examining group differences, 

the use of LGM allows for an investigation of individual differences in developmental 

trajectories.    

Method

Participants

The sample consisted of 69 children with Turkish as their native language, 

learning Dutch as a second language (Turkish-Dutch group; 40 boys and 29 girls) and 

72 children from predominantly Dutch speaking homes, with Dutch as their first and 

strongest language (Dutch group; 47 boys and 25 girls). The children were tested in 

three waves with a 1-year interval between each wave. In Wave 1, when the children 

just entered kindergarten, the mean age was 52.5 months (SD = 3.2, range 49-66) 

in the Turkish-Dutch group and 52.1 months (SD = 2.8, range 48-62) in the Dutch 

group. The children with missing data due to absence from school during one of the 

testing periods (one child did not participate in Wave 1 and 3, another child in Wave 

1 only) or drop out due to moving house (one child dropped out at Wave 2; 3 more 

children at Wave 3; total attrition rate 2.9%), were included in the LGM analyses, and 

their missing data were not imputed (as recommended by Kline, 2005). 

The children attended kindergarten classrooms of 36 inner-city Dutch primary 

schools with a moderate to high percentage of ethnic minority children (25-100%) 

and with Dutch as the language of schooling. A short screening questionnaire was 
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administered to the primary caregivers at recruitment, to ensure that the that the 

language interactions with the target child in the family context were at least 75% 

Turkish (Turkish-Dutch group) or 75% Dutch (Dutch group), and to exclude children 

with serious developmental delays or medical speech or hearing problems, and to 

get informed consent. 

Questionnaires, administered to the primary caregivers at Wave 1 to assess the 

linguistic environment of the children, revealed that the Turkish-Dutch children were 

already exposed to the Dutch language before introduction to kindergarten: Most 

children had attended some form of early childhood care and education providing a 

Dutch immersion context (88% of the Turkish-Dutch group, 90% of the Dutch group, 

on average 4 half days a week, no statistically significant difference between the 

groups) and had older siblings who sometimes or always communicated in Dutch 

with the child (65% of the Turkish-Dutch children, on average 1.6, range 1-4; 31% of 

the Dutch group, on average 1.8, range 1-4).  

Procedure

Each wave, a group of trained research assistants, who where fluent in the native 

and second language of the child, visited the schools to test each child individually 

in a quiet place. Testing took place on 2 and when necessary 3 separate days, on 

average 1 week apart. Each testing session lasted for about 75 minutes, including 

play breaks and tests as part of another study which will not be reported in the 

present article. The tests were administered in a fixed order. To keep them motivated, 

children were rewarded with small tokens after each test. The participating families 

received a children’s book at each wave and a copy of all video materials at the end 

of the study as a token of appreciation for their participation.
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Measures

The tests were presented to the children on a laptop computer, using the software 

package MINDS (Brand, 1999) and the Automated Working Memory Assessment 

battery (AWMA; Alloway, 2007). At each visit, the children were first acquainted with 

the recorded voice on the laptop computer. Further, each test started with a short 

practice session. The AWMA battery was translated and voice recorded into Turkish 

and Dutch by native speakers. In all subtests, the child had to recall sequences of 

stimuli, starting with a block of one item and building up to a block of seven items 

in a row. Each block consisted of six trials, that were scored as incorrect when one 

of the items was omitted, was recalled wrongly, or when the sequence of items was 

incorrect. When the first four trials within a block were recalled correctly, the child 

automatically received a score of 6 and proceeded to the next block. Note that a 

score of 6, for example, could therefore represent six correct one-item trials and 

no correct two-item trials, or four correct one-item trials and two correct two-item 

trials. The scores could range from 0 (block 1) to 42 (block 7), but testing stopped 

after three incorrect recalls within one block. Psychometric properties of the AWMA 

battery have been found to be good, with test-retest reliabilities ranging from .76 to 

.84 for the subtests used in the current study (Alloway et al., 2006). 

Nonword Recall

Participating children had to repeat voice recorded monosyllabic nonwords in 

lists of increasing length. Each phoneme of a nonword had to be recalled correctly 

for a positive score. To make sure that memory and not production failure was 

measured, consistently substituted phonemes, resulting from articulation problems, 

and foreign accents were not scored as incorrect. To determine whether phonotactic 

probability influences verbal short-term recall two sets of nonwords were created, 
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resulting in two tasks sharing the same format and scoring rules. Nonwords were 

like normal Dutch words in terms of phonemes used, however, the set was further 

subdivided in nonwords containing highly frequent biphones (high phonotactic 

probability) or infrequent biphones (low phonotactic probability) (see Messer et al., 

2010, for details). All nonwords were voice recorded by native speakers.  

A total of 90 high phonotactic probability nonwords and 90 low phonotactic 

probability nonwords, that significantly differed in summated bigram frequencies, 

F(1,70) = 113.7, p < .01, were created for Wave 1. A panel of 14 native speakers 

independently rated the word-likeness of each voice recorded nonword, offered at 

random in blocks of ten, on a scale of 1 (Does not sound like a real Dutch word at 

all) to 5 (Sounds a lot like a real Dutch word). The reliability of the ratings was high 

(α = .93). The ratings confirmed that the phonotactic probability manipulations were 

valid: The nonwords in the high phonotactic probability list sounded more like real 

words to the native speakers than the nonwords in the low phonotactic probability 

list, F(1,70) = 37.4, p < .01. Because a few of the nonwords in the low phonotactic 

probability list received rather high ratings of wordlikeness by the native speakers, 

we decided to make minor adjustments in the tests for Wave 2 and 3, by selecting 

only those nonwords with either high phonotactic probability ánd high wordlikeness 

rating, or with low phonotactic probability ánd low wordlikeness rating. Also in Wave 

2/3, the nonwords in the high phonotactic probability list had higher summated 

bigram frequencies, F(1,78) = 188.4, p < .01, and higher ratings of wordlikeness, 

F(1,78) = 239.5, p < .01. See Appendix A for the stimuli and Table 1 for the nonword 

characteristics.  

In Wave 1, the tasks were presented to the children in the AWMA battery 

software (Alloway, 2007), following the above described format and scoring rules, 

and with half of the children receiving the low-probability test first and the other half 
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the high-probability test first. In Wave 2 and 3, the nonwords were presented in 

the MINDS software package (Brand, 1999), following the same format and scoring 

rules as in Wave 1, but with each block consisting of 4 trials instead of 6 because of

the reduced total amount of items. The presentation sequence of nonword tasks was 

selected at random by the software. To correct for differences in task length between 

Wave 1 and Wave 2/3, only the scores of the first four trials per block were used for 

Wave 1. The scores could range from 0 (block 1) to 24 (block 4), but most of the 

children did not reach the fourth block. Testing stopped after three incorrect recalls 

within one block. All nonword recall tests were videotaped for scoring purposes.

After data collection, native speakers scored all nonword recall tasks from 

the video-recordings. The primary investigator checked their scoring for a random 

sample of 10% at each wave; interrater reliabilities were high (Wave 1 low-probability 

nonwords r = .89 , high-probability nonwords r = .87; Wave 2 low-probability nonwords 

r = .88, high-probability nonwords r = .90; Wave 3 low-probability nonwords r = .87, 

high-probability nonwords r = .86; all correlations were significant at p <.05). 

Finally, length and articulation rate of the nonwords were checked to control for 

possible confounding influences. In Wave 1, the nonwords with high phonotactic 

probability (mean number of phonemes 4.3) were slightly longer than the nonwords 

with low phonotactic probability (mean number of phonemes 3.9), F(1,70) = 5.7, p < 

.05, and therefore possibly more difficult to remember. Because this effect would work 

against the hypothesis, it was not expected to bias the conclusions of the present 

study. In Wave 2 and 3, the two types of nonwords did not significantly differ in 

length. After data collection at Wave 1, the video recordings of 20 randomly selected 

children (10 Dutch, 10 Turkish) were used to measure the pronunciation time of 

each nonword from their audio trace. The differences in children’s articulation rate 

between the two nonwords types were very small and statistically non significant. 
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Table 1 Characteristics of Nonwords with Low Phonotactic Probability (Low-Probability) 
and High Phonotactic Probability (High-Probability) in Wave 1 and Wave 2/3

Low-probability
_______________________

High-probability
______________________

M SD Range M SD Range

Sum bigram frequency 
(relative freq. per 10.000)

     Wave 1 26.6 20.2 0.2 - 66.7 449.3 223.3 119.2 - 970.8
     Wave 2/3 36.0 34.8 0.2 - 09.8 466.4 195.2 231.2 - 970.8

Likeness rating 
(1-5)

     Wave 1 2.6 0.8 1.4 - 4.0 3.6 0.6 2.2 - 4.8

     Wave 2/3 2.2 0.4 1.4 - 3.0 3.7 0.5 2.6 - 4.6

Note. Because no child exceeded block three, only the nonwords of the first three blocks were used to 
calculate the means in Wave 1 (N = 36 for each type). In Wave 2/3 all nonwords were used (N = 40 for 
each type). 

Control Measures

Verbal short-term memory. The subtest Digit Recall of the AWMA battery 

(Alloway, 2007) was used to assess verbal short-term recall additionally at Wave 1. 

A random sequence of digits ranging from 0-9 was presented in the native language 

of the children, with the same format and scoring rules as described earlier. 

Visuospatial short-term memory. The capacity of visuospatial short-term 

memory was assessed at Wave 1 with Dot Matrix, also a subtest of the AWMA 

battery (Alloway, 2007). The children were presented a 4 x 4 matrix on the computer 

screen. A red dot shortly appeared in one of the boxes and children had to point out 

the correct box. 
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Nonverbal IQ. Raven’s Colored Progressive Matrices (Raven, 1998) was 

administered at Wave 1 to measure nonverbal fluid intelligence. The task was 

presented on a laptop computer using the software package MINDS (Brand, 1999). 

The children had to decide which one of six pieces on the computer screen would 

best complete the visual pattern from which a piece was missing. Each correct 

answer was rewarded with a score of 1, yielding to a total score between 0 and 36. 

Vocabulary. The Dutch receptive vocabulary test, administered at Wave 1, was 

part of the Test for Bilingualism (Toets Tweetaligheid; Verhoeven, Narain, Extra, 

Konak & Zerrouk, 1995), a language test kit specifically designed for research into 

bilingual development and examined for cultural bias on item level. Four line drawings 

were presented on the computer screen using the software package MINDS (Brand, 

1999) and the children were asked to point to the one they thought corresponded 

best to the word spoken by the research assistant. To avoid fatigue, only half of the 

test, (i.e. the 30 even items) was used. Each correct answer was rewarded with a 

score of 1. Testing was stopped when children failed on five consecutive items, after 

which the remaining items were rewarded with the chance-score of 0.25. The scores 

could range from 0 to 30. Cronbach’s alpha for the receptive vocabulary test was .84 

for the Turkish-Dutch group and .73 for the Dutch group.

Plan for Analyses

Latent Growth Modeling (LGM; Duncan, Duncan & Strycker, 2006) was used 

to model developmental trajectories in recall of nonwords over three measurement 

occasions (at 4, 5 and 6 years of age).

To evaluate model fit, we used the chi-square (χ²), the root mean square error 

of approximation (RMSEA), the comparative fit index (CFI) and the nonnormed fit 

index (NNFI). As a rule of thumb, a low and nonsignificant χ² indicates good model 
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fit, RMSEAs below .05 indicate good fit and below .08 reasonable fit, and CFIs and 

NNFIs greater than .90 indicate acceptable fit (Kline, 2005).

Because we wanted to compare performance on two measures (recall of 

low-probability nonwords and recall of high-probability nonwords) and to examine 

differences between two groups (Dutch children and Turkish-Dutch children) we 

used a multivariate multigroup model. In addition to evaluating general model 

fit, different models were compared to each other (see result section). When the 

release of a parameter constraint, resulting in the loss of one degree of freedom, 

did not significantly improve the model fit as indicated by the χ² difference test, the 

parameter was again constrained in the next steps. All the LGM models were fitted 

with AMOS (version 7; Arbuckle, 2006).

Results

Control Tasks

The data were first explored to check for outliers and for missing data, likely 

to be present in this young age group. In total, 4.9% of the data for the four control 

tasks was missing. The missings were not imputed (as recommended by Kline, 

2005). Inspection of each variable separately revealed no extreme outliers. 

Table 2 presents the means and standard deviations for all control measures. 

One-way ANOVA’s for each variable separately revealed that the bilingual Turkish-

Dutch group and monolingual Dutch group did not differ significantly on nonverbal 

IQ or on visuospatial short-term memory. Furthermore, there were no differences 

in verbal short-term memory as measured with digit recall in the native language. 

Vocabulary measures showed the expected lower vocabulary of the Turkish-Dutch 

group in their second language Dutch compared to the monolingual children, 

F(1,137) = 103.6, p < .01, ω² = .42. 
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Table 2 Descriptive Statistics of all Measures for both Groups

Variable Turkish-Dutch group 

(n = 69)

Dutch group 

(n = 72)

M SD M SD

Nonword recall

    Low-probability: Wave 1 2.1 1.3 2.8 1.8

    Low-probability: Wave 2 2.2 1.1 2.2 1.4

    Low-probability: Wave 3 2.1 1.1 2.2 1.0

    High-probability: Wave 1 2.8 1.6 4.0 1.7

    High-probability: Wave 2 4.2 1.7 4.6 2.1

    High-probability: Wave 3 4.5 1.8 5.2 2.1

Control measures (Wave 1)

    Nonverbal IQ 12.1 2.7 12.1 3.2

    Visuospatial recall    9.6 3.3  9.5 3.5

    Digit recall  14.0 4.4 14.3 4.8

    Vocabulary Dutch 14.3 3.9 20.6 3.5

Development in Nonword Recall and Phonotactic Probability Effects

Data Screening

 All variables were normally distributed in each group, with standardized 

skewness and kurtosis measures not exceeding the value of 3. No cases were 

excluded, since there were no outliers greater than 3 standard deviations. Missing 

values (5.6% of all data) were not imputed. 

Growth Model     

 We first fitted two growth models for the low phonotactic probability nonwords 
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and high phonotactic probability nonwords separately, and estimated mean and 

variance for initial level (intercept), mean and variance for rate of growth (slope), 

residual variances (error) per measurement moment, and group differences for each 

model. However, we reasoned that integrating both types of nonwords in one model 

would allow us to make comparisons between the two variables. Moreover, if we 

could constrain the two types of recall to share the same intercept and find good 

model fit, we would validate the idea that the same basic, language-free, capacity 

is used in both types of recall. We therefore constrained both types of recall to 

share the same intercept. The measurement occasion specific intercepts of the low 

phonotactic probability nonwords were fixed at 0, as usual, so we could estimate the 

shared intercept and examine whether the high phonotactic probability nonwords 

had measurement specific intercepts over and above this shared intercept. The 

conceptual model is depicted in Figure 1. Both types of recall had their own slopes, 

with the regression weights fixed at 0, 1 and 1.8 to represent the exact time intervals 

between each of the three measurement occasions. Each variable was allowed to 

contain time-specific measurement error. The correlation matrices of both groups 

are shown in Table 3. Table 2 presents the means and standard deviations. 

To examine group differences, we stepwise released the constraints of the high 

phonotactic probability nonwords (the measurement specific intercepts, slope mean, 

slope variance and the covariance of intercept and slope), the constraints of the

shared intercept (mean and variance), and the constraints of the low phonotactic 

probability nonwords (measurement specific intercepts, slope mean, slope variance 

and the covariance of intercept and slope). Only the release of the measurement 

specific intercepts (constrained to be equal over measurements occasions but free 

to differ between groups) of the high phonotactic probability nonwords significantly 

improved model fit, Δχ²(1) = 10.16, p < .001. This indicates that the groups did not 
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E EE
M = 0.91**
M = 1.68*

M = 0.91**
M = 1.68*

M = 0.91**
M = 1.68*

High
4 years

High
5 years

High
6 years

χ2 (32) = 43.82
p > .05
NNFI = .90
CFI = .92
RMSEA = .05
*p < .05.** p < .01

Slope High 
M = 0.84**
σ² = 0.12

Slope Low
M = 0.00
σ² = 0.10

Intercept
M = 2.15**
σ² = 1.00**

Low
4 years

Low
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6 years
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M = 0
M = 0.56**

M = 0
M = 0

M = 0
M = 0

Figure 1. Model estimated to assess the development of recall for nonwords with High phonotactic 
probability (High) and nonwords with Low phonotactic probability (Low). Bold = Dutch group, 
italic = Turkish-Dutch group, standard = both groups. E = measurement error.
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Table 3 Correlations Among the Variables Included in the Model, Above the Diagonal  for the Dutch 
Group (bold) and Below the Diagonal for the Turkish-Dutch Group. 

Variable 1 2 3 4 5 6

Low-probability
1. Wave 1 - .49** .26* .37** .36** .28*
2. Wave 2 .24 - .40** .43** .42** .44**
3. Wave 3 .25 .19 - .26* .38** .38**

High-probability
4. Wave 1 .49** .11 .38** - .40** .33**
5. Wave 2 .23* .44* .09 .44** - .40**

6. Wave 3 .39** .53** .28* .48** .49** -

*p < .05. **p < .01.

differ in mean performance on the low phonotactic probability nonwords, but that 

they did differ in mean performance on the high phonotactic probability nonwords, 

with the Dutch children outperforming the Turkish-Dutch children, and that the mean 

growth rates on both measures were equal in both groups. Moreover, the model did 

not improve if groups were allowed to differ in degree of variation on each of the 

measures.   

The estimated slope mean of the high phonotactic probability nonwords was 

positive and significant, indicating that both groups improved in performance on this 

measure over the years. Because the estimated slope mean of the low phonotactic 

probability nonwords was almost zero and nonsignificant, we fixed the mean of this 

slope to zero. This gain of one degree of freedom did not result in a significantly 

lower χ², Δχ²(1) = 1.64, p = .20, indicating improvement of the model and showing 

that there was no statistically significant growth for the low phonotactic probability 
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nonwords in both groups. Yet, the model still fitted the data not very well (χ²(33) = 

51.21, p < .05; RMSEA = .06; CFI = .88; NNFI = .85). Inspection of the raw data 

showed a decrease in recall of the low phonotactic probability nonwords between 

Wave 1 and 2, but only in the Dutch group. Because a decrease in memory capacity 

is highly unlikely at this age, and because the low phonotactic probability nonwords 

were probably more language-like at Wave 1 compared to Wave 2 and 3 due to the 

adjustments made in the tests and therefore easier for the Dutch group (see Messer 

at al., 2010, for a discussion), we relaxed the measurement specific intercept for this 

observed variable at Wave 1 for the Dutch group. This significantly improved model 

fit, Δχ²(1) = 7.39, p < .01, and resulted in a model with adequate fit (χ²(32) = 43.82, 

p > .05; RMSEA = .05; CFI = .92; NNFI = .90). This final model is depicted in Figure 1, 

Figure 2. Estimated growth curves for the recall of nonwords with High phonotactic probability (High) and 
nonwords with Low phonotactic probability (Low) in Turkish-Dutch and Dutch children at ages 4, 5 and 6. 
Error bars represent the 95% confidence intervals around the estimated means.  
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and the estimated growth curves are depicted in Figure 2. Indeed, both variables 

could be constrained to share the same intercept, with a mean value of 2.2 (p < .001) 

for both groups. The observed means of the high phonotactic probability nonwords

were significantly higher than the shared intercept of both groups, and were 1.7 

(p < .001) and .91 (p < .001) over and above the shared intercept, for the Dutch group 

and the Turkish-Dutch group respectively. The slope mean of the high-probability 

nonwords was .84 (p < .001) for both groups. The variation around the intercept 

(1.00, p < .001) for both groups showed that the children differed in their initial level 

of this basic, language free, capacity. The individual variation around both the slope 

means was not significant in both groups (high probability nonwords .12, p >.05; low 

probability nonwords .10, p >.05 ). However, because the estimated variation for 

the slopes in the model had relatively large standard errors, the conclusion that the 

children did not differ in their rate of development over time might be too strong. The 

results indicate that interindividual differences in the rate of development over time 

were small, but could not very well be distinguished from other sources of variance 

such as measurement error per occasion.    

 

Discussion

In the present study, we tried to find mechanisms behind the significant growth of 

verbal short-term memory during the childhood years, well before memory strategies 

like rehearsal become available (Schneider, Kron, Hunnerkopf & Krajewski, 2004). 

We hypothesized, that one of these mechanisms may be a growing language 

knowledge base, that in turn supports verbal short-term memory. We were interested 

in a specific source of long-term knowledge support: knowledge of the statistical 

distribution of phoneme clusters in a language, referred to as phonotactic knowledge. 

By comparing the recall of nonwords with high phonotactic probability to nonwords 
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with low phonotactic probability, and following the developmental trajectories of both 

measures, we were able to determine whether long-term knowledge was the driving 

force behind the growth in verbal short-term memory and whether phonotactic 

knowledge support in particular increased over the preschool years. The question 

was, whether the cognitive capacity to remember completely novel verbal material, 

which is suggested to be highly heritable, showed developmental improvement 

over the kindergarten years when all long-term knowledge influences and thus the 

influences of the linguistic environment of a child were filtered out.

 

Verbal Short-Term Memory Development

As described in the introduction section of this paper, different mechanisms have 

been suggested to explain the growth in verbal short-term memory performance over 

the childhood years: growth in articulation rate (improving either subvocal rehearsal 

or spoken duration during recall), decrease in the rate of decay of memory traces, 

development of capacity, development of executive functions, and growth of long-term 

knowledge support. If the developmental improvement in verbal short-term memory 

can be entirely explained by growing language knowledge, as suggested by recent 

studies, we would expect developmental improvement in the recall of nonwords with 

high phonotactic probability, but no improvement in the recall of nonwords with low 

phonotactic probability, because for the latter type, language knowledge can not be 

used as support. This is exactly what we found in the current study. LGM showed 

that, in both groups, there was no growth in the recall of low-probability nonwords, 

while there was substantial growth in recall of high-probability nonwords. Another 

interesting finding is that there were substantial differences between the children in 

the initial level of the basic language-free capacity, but that  differences in the rate 

of development among the children were difficult to ascertain. The initial differences 
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between the children at the start of kindergarten were thus not reduced after 2 years 

of exposure to the rich linguistic environment provided at school.      

A possible explanation is, that the nonwords with low phonotactic probability 

were simply too difficult to pronounce, and therefore showed no improvement 

over the years. We believe, however, that we were measuring memory and not 

production failure, because of the following arguments. First, articulation rate, as 

measured by pronunciation time during task performance, did not differ between 

the low-probability nonwords and the high-probability nonwords. Second, both types 

of nonwords did not differ in amount of phonemes. Third, consistently substituted 

phonemes, resulting from articulation problems, and foreign accents were not scored 

as incorrect. Fourth, the fact that the two nonword types could be constrained to 

share the same intercept, validates the idea that in both types of recall the same 

basic memory mechanisms are employed, and that in the case of the nonwords with 

high phonotactic probability, long-term phonotactic knowledge is used as support 

on top of that. Thus, these results show that in children between 4 and 6 years of 

age, the developmental improvement in verbal short-term memory can be entirely 

explained by growing language knowledge. The fact that performance on nonwords 

with low phonotactic probability did not increase implies that all the other suggested 

mechanisms of growth do not play a substantial role in 4- to 6-year olds, or, are 

themselves a result of growing language knowledge. It has been shown, for example, 

that articulation rate increases with increasing language fluency (Standing, Bond, 

Smith & Isely, 1980). In a similar vein, the other suggested mechanisms of growth 

might result from growing language knowledge. The crucial difference between 

the other suggested mechanisms of growth, and growing support of language 

knowledge, is that the ability to represent completely novel phonological information 

in the correct serial order might be considered as a highly heritable neurobiological 
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factor, while the development of linguistic knowledge is highly dependent on input, 

and thus the linguistic environment of the child. Because the predominant view to 

date is that verbal short-term memory is highly heritable and free of environmental 

influences (Gathercole, 2006), an important subject for future studies would be 

to relate detailed measures of linguistic input in children’s environments to these 

different measures of verbal short-term memory.   

There are different views on how long-term knowledge influences on short-

term recall might work. According to the probabilistic model of redintegration (Brown 

& Hulme, 1995; Hulme, Maughan & Brown, 1991; Hulme et al., 1997), encoded 

memory traces in the phonological store that degrade during recall are repaired with 

automatically retrieved lexical or phonological representations from long-term memory. 

The information in the trace is compared to information in long-term memory, and 

when the patterns match, the degraded memory trace is reconstructed. Phonological 

representations of highly frequent words are more accessible in long-term memory 

than infrequent words or nonwords, making their process of reconstruction more 

successful. A slight modification of this account proposes that there are multiple 

mechanisms operating at different stages (Thorn, Frankish & Gathercole, 2009; 

Thorn, Gathercole & Frankish, 2005). According to this view, lexical knowledge (and 

related word frequency) indeed influences short-term memory via redintegration, 

a process taking place after storage during the retrieval stage, but phonotactic 

knowledge has its influence at an earlier stage during encoding and/or storage, by 

determining the strength of the initial memory trace. This memory trace is conceived 

of as a pattern of activation across a network with nodes representing phonological 

units. In both views, a dichotomy is made between short-term memory and long-term 

memory, in line with the working memory model of Baddeley and Hitch. In the latter 

view, however, it is not clear how to interpret phonotactic knowledge support within 
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this dichotomy. This account seems to suggest that phonotactic knowledge forms 

an integral part of the phonological loop, making it difficult to conceptualize a “pure” 

phonological loop free from long-term memory influences. 

The influences of long-term knowledge on short-term recall are conceptually 

more easy to interpret in theories postulating that there is no dichotomy, and that 

short-term memory is the activated portion of long-term memory, such as the 

embedded-processes model of Cowan (Cowan, 1999; 2005). In this model, long-term 

knowledge necessarily influences short-term recall, with every type of knowledge 

exerting its influence during the encoding/storage phase. In a similar vein, Martin 

(2009) proposes that verbal short-term memory is not a separate system, but an 

emergent property of the temporary activation of phonological, lexical, and semantic 

representations in the language network.  

Development of Phonotactic Knowledge Support

If long-term phonotactic knowledge support increased over the years, there 

should be stronger development for nonwords with high phonotactic probability 

compared to nonwords with low phonotactic probability. By comparing monolingual 

Dutch to bilingual Turkish-Dutch immigrant children, we could determine whether prior 

experience with the language influenced the magnitude and growth of phonotactic 

knowledge support. LGM showed that the nonwords with high phonotactic probability 

were recalled better than nonwords with low phonotactic probability in both groups 

at all three waves, with the Dutch group outperforming the Turkish-Dutch group in 

recall for high phonotactic probability nonwords, but equal performances for the 

low phonotactic probability nonwords. Moreover, the growth rate was equal in both 

groups, and the groups did not differ in their amount of individual variation. These 

results suggest, that knowledge of the statistical distribution of phoneme clusters in 
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a language becomes increasingly entrenched during the preschool years, and as 

a result increasingly facilitates verbal short-term memory, in both monolingual and 

bilingual children. Surprisingly, the increase in phonotactic knowledge support did 

not statistically significantly differ between both groups of children, who clearly were 

in different stages of developing their language. In fact, the increase in phonotactic 

knowledge support did not significantly differ between any of the children. 

The superior performance of the monolingual children compared to their bilingual 

peers for nonwords with high phonotactic probability, but not for nonwords with low 

phonotactic probability, suggests that language input plays a substantial role in the 

development of phonotactic knowledge support. To the best of our knowledge, there 

are no studies to date explicitly investigating the impact of linguistic input on the 

development of phonotactic knowledge in natural environments, which would be a 

very interesting topic for future research. Studies with artificial language learning 

paradigms have show that infants and adults could learn the phonotactics of this 

novel language even after brief exposure (Chambers, Onishi & Fisher, 2003; Dell, 

Reed, Adams & Meyer, 2000; Onishi, Chambers & Fisher, 2002). These studies are 

in line with our results, suggesting that linguistic input plays a substantial role in the 

development of phonotactic knowledge support. 

Our results are not in line with the studies mentioned in the Introduction, that 

focussed on the development of phonotactic knowledge support in monolingual 

children. The study of Coady (2004), who found that children at 3.6 years but 

not at 2.6 years of age use statistical knowledge of phoneme clusters to support 

verbal short-term memory, fits well with our data. In our study, we showed that 

subsequently between 4 and 6 years of age, this statistical knowledge of phoneme 

clusters increased, and most probably became increasingly entrenched. Two large 

cross-sectional studies however, seem to suggest that phonotactic knowledge 
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support does not increase, but remains stable over the childhood years. The studies 

were cross-sectional studies and therefore perhaps less well designed to provide 

conclusions regarding developmental questions compared to longitudinal designs, 

but we would have expected similar results. How to explain these diverting results? 

First, the growth for both nonwords with low phonotactic probability as well as 

nonwords with high phonotactic probability can, for our particular age range, not be 

explained by other mechanisms of growth besides language knowledge support, 

as shown by our results. Second, an explanation in terms of different stages in the 

developmental trajectory can be given for one study, as the participants were aged 

6, 8, 10, 13-16 and 20-22 years (Majerus & Van der Linden, 2003), but not for the 

other where the participants were 3-4, 5-6, 7-8 years old and adults (Edwards et 

al., 2004), comprising the age range of the present study. The best explanation for 

the conflicting findings seems to be that not only nonwords with high phonotactic 

probability can profit from growing long-term knowledge support, but also nonwords 

with low phonotactic probability. In fact, Edwards et al. (2004) set out to study the 

impact of vocabulary size on phonotactic knowledge, interpreting their results in 

exactly this manner. They showed that when dividing the children into groups with 

larger and smaller vocabularies, the children with smaller vocabularies performed 

worse on both nonwords with high phonotactic probability as well as nonwords with 

low phonotactic probability (see also Gathercole, Frankish, Pickering & Peaker, 

1999), and in the latter case, especially when the nonwords contained unattested 

(zero frequency) phoneme combinations instead of phoneme combinations with 

low frequency. Children with larger vocabularies thus have more robust and flexible 

representations of the phoneme sequences, supporting even the recall of nonwords 

with low phonotactic probability. Indeed, in the current study, we found similar results 

for the monolingual children at the first wave (Messer et al., 2010), after which the set 
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of nonwords was refined. The answer to the different results thus seems to lie in the 

way the nonwords were constructed in each of the studies. In the study of Majerus 

& Van der Linden (2003) French monosyllabic nonwords with consonant-vowel-

consonant (CVC) structure were constructed, with the biphones manipulated to be 

either both high or both low in phonotactic frequency. In the study of  Edwards et al. 

(2004), only one biphone in an English nonword of either two or three syllables was 

manipulated. In the present study, monosyllabic nonwords with different structures 

were used (CVC, CCVC, CVCC, CCVCC), and in the low phonotactic probability list, 

both low frequency and zero frequency biphones were present. The nonwords in our 

study thus were more difficult, more infrequent, and therefore more free from long-

term memory influences. But, perhaps at a later age, also in our study performance 

for nonwords with low phonotactic probability will increase due to stronger and more 

fine grained representations of phonotactic knowledge in the children. In conclusion, 

phonotactic knowledge becomes increasingly entrenched in monolingual and 

bilingual children between 4 and 6 years of age, increasingly facilitating verbal short-

term memory. 

Bilingual Children’s Development of Phonotactic Knowledge Support

To the best of our knowledge, this was the first study investigating the 

development of phonotactic knowledge influences on verbal short-term memory 

in bilingual children. The Turkish-Dutch children started out with less support from 

long-term phonotactic knowledge in their second language Dutch compared to their 

Dutch peers at the start of the kindergarten department of primary school. Because 

the children just started acquiring their second language, and the Dutch children had 

had far more exposure to the language and therefore more entrenched knowledge 

of Dutch phonotactics, these results were not surprising. The disadvantages, 
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however, were not reduced during the kindergarten period in which the children 

were exposed to a rich second-language environment; the developmental rates of 

both groups of children, and all children for that matter, were actually equivalent. 

It should be taken into account, however, that the Dutch children in total received 

more Dutch input during these years, both in their homes and at school, compared 

to the Turkish-Dutch children who’s Dutch input was mainly restricted to school. The 

similar rates of development might therefore imply that school does compensate for 

the disadvantages of the Turkish-Dutch children, but not enough to reach the level 

of their Dutch peers. When encountering phonological information that conforms 

to the distribution of phonemes in Dutch, the Turkish-Dutch children thus had a 

disadvantage. They had less entrenched knowledge of Dutch phonotactics, leading 

to difficulties with sustaining new aspects in their memory for short periods of time, 

and thus posing a heavy cognitive load for the children.

Although to date the development of phonotactic knowledge support in 

verbal short-term memory has not been investigated in bilinguals, a recent study 

investigating phonotactic knowledge development without the use of a short-term 

memory paradigm has revealed similar results. In this study, Dutch monolingual 

adults and Russian and Spanish adults who were learning Dutch as a second 

language, were asked to judge the wordlikeness of Dutch nonwords with either legal 

or illegal Dutch consonant clusters, and were subsequently subjected to a lexical 

decision task. The more advanced Spanish and Russian learners of Dutch displayed 

responses that were more similar to the Dutch monolinguals than the beginners 

did, indicating developmental improvement in phonotactic knowledge of a second 

language (Trapman & Kager, 2009).           

The monolingual and bilingual groups did not differ in general cognitive abilities. 

At the first wave, when the children were 4 years old, measures of nonverbal 
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intelligence, visuospatial short-term memory, and verbal short-term memory for 

highly automated digit knowledge, did not reveal any group differences. Moreover, 

the groups did not differ in performance for nonwords with low phonotactic probability 

over the  

years, while there were substantial individual differences between children. When 

encountering completely novel phonological information, both groups of children 

thus are similarly skilled to store this information. As expected due to the bilingual 

situation, the Turkish-Dutch immigrant children, however, did have lower vocabulary 

in their second language Dutch compared to the monolingual children. The 

differences in verbal short-term memory development could thus not be attributed 

to differences in general cognitive abilities between both groups, but should be 

attributed to differences in knowledge of, and thus exposure to, the Dutch language.
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Appendix A. Stimuli Nonword Recall Tasks

 
 Low phonotactic probability Wave 1  High phonotactic probability Wave 1  
 
Block 1 Jimf     Zwag    
 Dwup     Grops   
 Pjoef     Zils   
 Fosk     Brof   
 Pifp     Traa   
 Faup     Gleg   
Block 2 Pjosr  Fnup    Grigt  Zwop  
 Fuup  Pjif    Spraam  Kwig  
 Vub  Puif    Zifs  Bropt  
 Fjaip  Dzub    Greel  Knit  
 Fip  Posf    Knog  Glin  
 Pgup  Dwuuf    Ziks  Glof  
Block 3 Mwup  Fjif  Njos   Brop  Sning Knilk 
 Ims  Fwup Pjai   Zilg  Brong Tris 
 Bnup  Osf Fjeum   Snins  Glirg Ceng 
 Fwut  Gjuip fimk   Fling  Brops Zwis 
 Djai  Pwut Fibs   Vlop  Snilg Kwin 
 Zup  Kjif Fjui   Zwit  Snint Dromp 
         
 Low phonotactic probability Wave 2 / 3  High phonotactic probability Wave 2 / 3 
  
Block 1 Fnup     Brop   
 Djai     Flit   
 Josf     Gleg   
 Pjif     Zils   
Block 2 Pwut Kjif    Snint Brof  
 Pifp Mwuut    Vlis Zwag  
 Jimf Pjai    Bring Knog  
 Fgip Njos    Glit Dromp  
Block 3 Gjif Djut Foip   Brong Knit Lifs 
 Fwutf Weum Sjup   Grilk Vlin Snog 
 Jibs Fosf Pjoem   Bligs Zwop Keng 
 Pwuf Gjim Fjaip   Glin Blof Zwis 
Block 4 Fwup Pjosr Ims Dwuuf  Blopt Knig Ziks Graar
 Djups Pimf Wuip Fai  Brig Drof Grops Fling
 Kjosf Bnup Fwum Pjoef  Fliks Glof Zwit Vlop
 Fjif Leels Posf Swup  Broft Kwin Snig Vrog

Note. Because at Wave 1 no child exceeded block three, only the nonwords of the first three blocks are 
listed. For Wave 2/3 all nonwords are listed. 
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Abstract

The current study aimed to contribute to the understanding of the influences of 

verbal short-term memory on vocabulary acquisition, and influences of the home 

language environment on both, by integrating all these aspects in a single longitudinal 

study with children from diverse sociocultural and language backgrounds. The study 

involved 69 bilingual Turkish-Dutch children and 72 monolingual Dutch children, who 

were tested at 4, 5 and 6 years of age. To clarify the complex relation between verbal 

short-term memory, existing language knowledge, and vocabulary acquisition, 

three measures of verbal short-term memory differing in the amount of long-term 

knowledge that could be used as support were used, and related to detailed measures 

of language input patterns. The ability to recall completely novel verbal material, for 

which children could not rely on long-term knowledge, did not differ between both 

groups and was not influenced by language input. The ability to recall verbal material 

for which phonotactic knowledge could be used as support, and the ability to recall 

verbal material for which both phonotactic and lexical-semantic knowledge could be 

used as support, differed between both groups and were both related to language 

input. Latent Growth Modeling showed that each of these measures of verbal short-

term memory were equally important predictors of vocabulary acquisition. The 

implications for children from less rich linguistic environments are discussed.

Introduction

Previous studies have shown that verbal short-term memory, often referred to 

as the phonological loop, phonological working memory, or phonological short-term 

memory is an important predictor of vocabulary acquisition. To date, the predominant 

view is that the capacity of verbal short-term memory is highly heritable and 

unaffected by environmental influences (Gathercole, 2006). At the same time, other 
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studies have shown that verbal short-term memory performance itself is influenced 

by long-term knowledge, that is, by acquired knowledge of a language. Following 

this line of reasoning, the influences between language knowledge and verbal short-

term memory are bidirectional: Developing language knowledge supports verbal 

short-term recall, increasing the capacity to remember novel phonological forms and 

thereby the effectiveness of verbal short-term memory for acquiring new items of 

that language. Moreover, an extensive body of research has shown that children’s 

early language skills are strongly related to their experiences with language, 

or language input, in the home environment. When verbal short-term memory is 

influenced by language knowledge, and language knowledge in turn by input in the 

home environment, this would then suggest that the capacity of verbal short-term 

memory is influenced by early language experiences as well, or, in other words, 

that mutually reinforcing processes are taking place. For children who receive less 

input in the home environment, this would imply that the crucial interface between 

language input and what is learned from the input is less effective, constituting 

a cumulative risk. This might be the case for young immigrant children from low-

income families, many of whom have acquired age-appropriate knowledge of a first 

language when they start to learn a second language. The current study aims to 

contribute to the understanding of the influences of verbal short-term memory on 

vocabulary development, and of the influences of the home language environment 

on both, by integrating all these aspects in a single longitudinal study. To this purpose, 

we focus on language input patterns within the home context of children from 

diverse sociocultural backgrounds: a bilingual immigrant population, Turkish-Dutch 

children, and children from the monolingual majority population in The Netherlands. 

By detailing language input patterns, rather than using broad measures such as 

socioeconomic status (SES), we aim to further clarify the relation between input 
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patterns, verbal short-term memory and developing language skills. Furthermore, 

by using three measures of verbal short-term memory differing in the amount of 

long-term knowledge that can be used as support, we can further clarify the complex 

relation between verbal short-term memory, existing language knowledge, and 

vocabulary development. 

Home Language Environment and Vocabulary Development

An extensive body of research with monolingual children has established that 

children’s early language skills are strongly related to their experience with language 

input in the home context, and that this variation of language input is strongly 

related to variables such as sociocultural background, SES and ethnicity (Hoff, 

2006). For instance, there is considerable evidence that SES-related qualitative 

and quantitative differences in language experiences explain variability in children’s 

language skills (Foster, Lambert, Abbott-Shim, McCarty & Franze, 2005; Hoff, 2006; 

Raviv, Kessenich & Morrison, 2004). Children from high-SES families do not only 

receive more overall language input than children from low-SES families (Hart & 

Risley, 1995), they also receive the kind of language input that is most effective for 

language learning (Hart & Risley, 1995; Hoff & Naigles, 2002). They, for example, 

more frequently participate in home literacy activities (Bradley & Corwyn, 2002; Hoff, 

2006) such as shared book reading and related types of parent-child conversations, 

that are characterized by the use of a rich vocabulary, complex and information dense 

sentences, and semantically interconnected discourse, that is, the kind of language 

use that is generally thought to stimulate language development (Deckner, Adamson 

& Bakeman, 2006; Hoff & Naigles, 2002; Huttenlocher, Vasilyeva, Cymerman & 

Levine, 2002; Sénéchal & LeFevre, 2002; Weizman & Snow, 2001). Furthermore, 

there is a clear association of SES and the occurrence of additional sources of 
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language development, such as overhearing and singing songs (Leseman, Mayo & 

Scheele, 2009; Scheele, Leseman & Mayo, 2010; Schön et al., 2008). 

To date, only a few studies have investigated bilingual children’s participation in 

activities that are associated with language development. These studies show that, 

as with monolingual children, shared book reading, story telling and conversations 

positively impact bilingual children’s vocabulary and language comprehension, 

at least in the language used during these interactions (Leseman et al., 2009; 

Patterson, 2002). Furthermore, studies show that bilingual children’s proficiency 

in each language is strongly related to the amount of input in that language. The 

more input a child receives in a specific language, the better the child performs on 

vocabulary, reading, and writing tests in that language (De Houwer, 2007; Duursma, 

Romero-Contreras, Szuber, Proctor & Snow, 2007; Oller & Eilers, 2002; Patterson & 

Pearson, 2004; Pearson, Fernandez, Lewedeg & Oller, 1997). 

Verbal Short-Term Memory and Vocabulary Development

Based on an extensive overview of multiple studies, Gathercole and colleagues 

conclude that the phonological loop of the working memory model of Baddeley and 

Hitch (1974), that is, the verbal short-term memory component of the model, can 

be seen as a “language learning device” (see for reviews: Baddeley, 2002, 2003; 

Baddeley, Gathercole & Papagno, 1998; Gathercole, 2006; Gathercole & Baddeley, 

1993). They propose that short-term storage of new phonological input supports 

long-term phonological learning. After multiple exposures, the structure of the 

phonological form is gradually abstracted from the short-term representation and 

consolidated in long-term memory. According to their theory, a child with greater 

basic capacities to store new phonological information will need fewer exposures 

to learn the word (consolidate the word in long-term memory), and will make less 
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mistakes during the process. 

Several studies with monolingual children, from as young as 20 months of age, 

showed that individual differences in the capacity of verbal short-term memory predict 

vocabulary acquisition (e.g. Baddeley et al., 1998; Gathercole, 2006; Gathercole, 

Service, Hitch, Adams & Martin, 1999; Gathercole, Willis, Emslie & Baddeley, 1992; 

Hoff, Core & Bridges, 2008; Majerus, Poncelet, Greffe & Van der Linden, 2006). 

Measures of verbal short-term memory, like digit recall or the recall, recognition 

or repetition of nonwords, have been found to strongly correlate not only with 

vocabulary knowledge, but also with other aspects of language development, such 

as mean length of utterances and syntactic diversity (Adams & Gathercole, 2000). 

In the case of foreign language acquisition, verbal short-term memory has been 

found to be a predictor of vocabulary learning too, as shown by studies ranging from 

preschool children to adults in different stages of learning their second language 

(Chun & Payne, 2004; Hu, 2003; Hummel, 2009; Kormos & Safar, 2008; Lehto, 1995; 

Masoura & Gathercole, 1999; 2005; O’Brien, Segalowitz, Collentine & Freed, 2006; 

O’Brien, Segalowitz, Freed & Collentine, 2007; Payne & Ross, 2005; Service, 1992; 

Service & Craik, 1993; Service & Kohonen, 1995). Further evidence comes from 

children and adults with learning problems. Neuropsychological patients with verbal 

short-term memory deficits have problems with long-term phonological learning 

(Baddeley, Papagno & Vallar, 1988), and monolingual as well as bilingual children 

diagnosed with Specific Language Impairment (SLI) perform poorly on tasks that are 

commonly used to measure verbal short-term memory (e.g. Girbau & Schwarz, 2008; 

Graf Estes, Evans & Else-Quest, 2007). Moreover, children with specific difficulties 

in learning a second language obtain lower scores on verbal short-term memory 

measures (Palladino & Cornoldi, 2004; Palladino & Ferrari, 2008; Speidel, 1993). 

There is thus converging evidence that verbal short-term memory is an important 
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prerequisite for native- and foreign language vocabulary acquisition.  

Research with both monolingual and bilingual children and adults has shown 

that the capacity to recall novel verbal material is influenced by long-term knowledge 

(e.g. Coady & Aslin, 2004; Gathercole, Frankish, Pickering, & Peaker, 1999; Hulme, 

Maughan, & Brown, 1991; Thorn & Gathercole, 1999; Thorn, Gathercole & Frankish, 

2002). Recent studies have suggested that the developmental increase in verbal 

short-term memory performance over the childhood years can be entirely explained 

by growing language knowledge (Jones, Gobet & Pine, 2007; Ottem, Lian & 

Karlsen, 2007; Messer, Leseman, Boom & Mayo, 2010b). Different types of linguistic 

knowledge can be used as support. Although it has been proposed that only lexical-

semantic knowledge can be used to support verbal short-term memory even for the 

recall of nonwords, in which case the support would come from words that differ one 

phoneme from the target nonword (so called neighbor words) (Roodenrys & Hinton, 

2002), evidence is growing that in addition sublexical knowledge of the statistical 

distributions of phoneme clusters in a language, referred to as the phonotactics of 

that language, can be used as support (Kovacs & Racsmany, 2008; Majerus, Van 

der Linden, Mulder, Meulemans & Peters, 2004; Messer, Leseman, Boom & Mayo, 

2010a; 2010b; Thorn & Frankish, 2005). 

Because verbal short-term memory is influenced considerably by long-term 

knowledge, it is not always clear what verbal short-term memory exactly represents 

in studies revealing a relation between verbal short-term memory and vocabulary 

acquisition. Most studies have used nonword recall or repetition paradigms, thereby 

focusing on the recall of phonological information in particular, and disregarding the 

relative role of lexical-semantic knowledge. Furthermore, the ability to represent 

completely new phonological information and long-term phonotactic knowledge 

have not been clearly distinguished in research to date, because the nonwords used 



174

Chapter 5

to measure verbal short-term memory were often nonwords with high phonotactic 

probability. Gradually learned phonotactic knowledge might therefore also be an 

essential building block in new word learning. The crucial difference between the 

ability to recall completely novel verbal information, for which children cannot rely on 

long-term knowledge, and the ability to recall verbal information for which language 

knowledge can be used as support, is that the first ability might be considered as 

a neurobiological factor, while the latter might be highly dependent on the linguistic 

environment of the child. Unfortunately, the role of the home language environment 

was not considered in any of the studies to date investigating the relation between 

verbal short-term memory and vocabulary acquisition. 

Genetic and Environmental Influences on Verbal Short-Term Memory

Only few studies have investigated whether the (linguistic) environment 

influences verbal short-term memory capacity. The predominant view to date is that 

verbal short-term memory can best be seen as a fluid cognitive skill, largely unaffected 

by environmental influences and highly heritable, that is, an innate language learning 

device (Gathercole, 2006). Indeed, a study comparing minority groups to majority 

groups in the United States, both speaking English in the home environment, 

revealed differences in language skills, but not in nonword repetition (Campbell, 

Dollaghan, Needleman & Janosky, 1997). Similar results were obtained in a study 

comparing monolingual Brazilian children from low-income families to children of 

higher socioeconomic status (Engel, Santos & Gathercole, 2008). Apparently, the 

different social environments of the children did not influence nonword repetition 

performance. The children in both these studies were monolingual children, however, 

and only distal family factors were compared; detailed measures of language input 

patterns in the home environment were not available. Most probably, these children 
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had received extensive exposure to the language in question, at least enough 

exposure to have developed entrenched phonotactic knowledge. In addition, the 

nonwords used were nonwords with high phonotactic probability, and therefore 

perhaps not a “pure” measure of verbal short-term memory capacity, but a measure 

representing their phonotactic knowledge as well. Although part of Gathercole’s 

assumption is confirmed by large twin studies with 4-year-olds, showing that genetic 

processes underlie a wide range of language skills from vocabulary to nonword 

repetition, these studies have also shown that environmental processes influence 

the development of these skills (Hayiou-Thomas et al., 2006; Kovas et al., 2005). 

Individual differences in the repetition of nonwords with high phonotactic probability 

could be explained by moderate genetic influences (41%), small influences of shared 

environments (9%) and moderate influences of nonshared environments (50%) 

(Kovas et al., 2005). Although linguistic activities in the home environment might 

be similar for both children of the twin pair and therefore best represented by the 

shared environment factor, the differential interactions with each child and thus the 

gene-environment interactions are estimated in the nonshared factor (e.g. Dickens 

& Flynn, 2001). Taken together we conclude that there are strong indications of 

environmental influences on nonword repetition performance, at least for nonwords 

with high phonotactic probability. In addition, SES has been shown to influence digit- 

and word-recall, other measures that are often used to represent verbal short-term 

memory for which lexical-semantic knowledge might play a role as well (Herrmann 

& Guadagno, 1997). Moreover, in a recent review of research it was concluded that 

SES shapes the developing brain and is an important predictor of a wide range 

of neurocognitive functions, including verbal working memory (Hackman, & Farah, 

2009). In conclusion, it is too early to state that verbal short-term memory is entirely 

heritable and largely free of environmental influences. The ability to represent 
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completely novel phonological information and the ability to use phonotactic 

knowledge in representing phonological information need to be disentangled and 

to be related to detailed measures of language input in the child’s environment. In 

addition, the studies all concerned monolingual children, who at least had a certain 

amount of input in their particular language. The question arises what will happen 

when a child has acquired knowledge of a first language and subsequently learns a 

second language, as is the case with many bilingual children.         

The Current Study

The current study involved monolingual Dutch native and bilingual Turkish-

Dutch immigrant children, two groups with varying previous exposure to the Dutch 

language. For most Turkish children in The Netherlands Turkish is their home 

language, and enrolment in the kindergarten department of primary school, at age 

4, often marks their first full submersion in a primarily Dutch language environment. 

The special interest in this group follows from the persistent disadvantages in 

Dutch language and literacy development compared to native Dutch children at 

the start of primary school that persist until the end of formal schooling and greatly 

influences the school careers of the children (Aarts & Verhoeven, 1999; Leseman, 

2000; Leseman & De Jong, 1998; Leseman & Van den Boom, 1999; Sociaal en 

Cultureel Planbureau [SCP], 2007). Disentangling individual cognitive factors and 

environmental precursors might contribute to the knowledge needed to design better 

tailored pre- and early school preventive and early remediation approaches, which is 

considered to be a societal issue of high urgency. 

We followed the children’s Dutch language development from the moment they 

had just enrolled in the kindergarten department of primary school at the age of 4, 

until the end of the kindergarten period when they were 6 years old, with three waves 
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of data collection. The Dutch 4-year-olds were presumed to have age-appropriate 

knowledge of Dutch, being exposed to predominantly Dutch home and preschool 

environments for several years. The Turkish-Dutch children were raised bilingually. 

Turkish was their first language and the language they were exposed to most at 

home. Dutch was their second language, provided to some extent at home and 

in addition in preschool settings before the age of 4. Therefore, the Turkish-Dutch 

children were presumed to have some knowledge of Dutch, but less extensive and 

well-entrenched than their Dutch peers. 

The first aim of the study was to investigate whether pure verbal short-term 

memory, or additional long-term knowledge predicted vocabulary acquisition best. 

To that end, we used measures that varied in the amount of long-term knowledge 

that could be used as support: a more pure measure of verbal short-term memory, 

for which the children could not rely on long-term knowledge, a measure for which 

phonotactic knowledge could be used as support, and a measure for which both 

phonotactic and lexical-semantic knowledge could be used as support. Vocabulary 

development was analyzed with Latent Growth Modeling (LGM). A distinction was 

made between the initial level (intercept) and rate of change (slope), making it possible 

to examine the predictive value of the three verbal short-term memory measures on 

each of these. The second aim was to investigate the influence of specific language 

activities in the home environment on verbal short-term memory and subsequent 

vocabulary acquisition. If the capacity of verbal short-term memory is not influenced 

by the environment, we would expect no influences on the most pure measure of 

verbal short-term memory. We would expect influences on the measures for which 

long-term knowledge could be used as support, because language skills itself were 

expected to be influenced by the home language environment. 
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Method

Participants

The sample consisted of 69 children with Turkish as their native language, 

learning Dutch as a second language (Turkish-Dutch group; 40 boys and 29 girls) 

and 72 children from predominantly Dutch speaking homes, with Dutch as their 

first and strongest language (Dutch group; 47 boys and 25 girls). The children were 

tested, and their primary caregivers interviewed, in three waves with 1 year between 

each wave. In Wave 1, when the children just entered kindergarten, the mean age 

was 52.5 months (SD = 3.2, range 49-66) in the Turkish-Dutch group and 52.1 

months (SD = 2.8, range 48-62) in the Dutch group. Due to absence from school 

during one of the testing periods, or drop out due to moving house, 1.4%, 0.7% and 

3.5% of the children could not be tested at Wave 1, 2 and 3 respectively. For the 

primary caregivers, 2.8%, 7.1% and 14.2% of the data were missing at Wave 1, 2 

and 3 respectively.

Inner-city Dutch primary schools with a moderate to high percentage of 

ethnic minority children (25-100%) and with Dutch as the language of schooling 

were approached. Thirty-six schools were willing to participate, yielding a positive 

response rate of 35%, which is common for this type of research in The Netherlands. 

The main reason not to participate was expected work load. A short screening 

questionnaire was administered to the primary caregivers at recruitment, to ensure 

that the language interactions with the target child during mealtime, playing, reading, 

and daily routines, were on average 75% in Turkish in the Turkish-Dutch group and 

75% in Dutch in the Dutch group, as we were interested in immigrant children that 

were being raised primarily in the language of their cultural community. Children 

with serious developmental delays or medical speech or hearing problems were 

excluded from the study. Despite these restrictions, the positive response rate was 
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69% for the Turkish-Dutch group and 80% for the Dutch group. Parental consent 

was obtained for each participating child. 

Most of the primary caregivers in the Turkish-Dutch group were born in 

Turkey (83%) and on average had lived in The Netherlands for 14.7 years (range 

0.5-30 years). Apart from interactions with their primary caregivers, the Turkish-

Dutch children were already exposed to the Dutch language before introduction to 

kindergarten: Most children had attended some form of early childhood care and 

education providing a Dutch immersion context (88% of the Turkish-Dutch group, 

90% of the Dutch group, on average 4 half days a week, no statistically significant 

difference between the groups) and had older siblings who sometimes or always 

communicated in Dutch with the child (65% of the Turkish-Dutch children, range 1-4 

siblings, on average 1.6; 31% of the Dutch group, range 1-4 siblings, on average 

1.8).  

Procedure

Each wave, a group of trained research assistants, who where fluent in the native 

and second language of the child, visited the schools to test each child individually 

in a quiet place. Testing took place on 2 and when necessary 3 separate days, 

mostly 1 week apart. Each testing session lasted for about 75 minutes, including 

playful breaks. The tests were presented to the children on a laptop computer, using 

the software package MINDS (Brand, 1999) and the Automated Working Memory 

Assessment battery (AWMA; Alloway, 2007). At each visit, the children were first 

made accustomed to the recorded voice on the laptop computer. Further, each test 

started with a short practice session. The tests were administered in a fixed order. To 

keep them motivated, children were rewarded with small tokens after each test. The 

primary caregivers, who were mostly the mothers in the current study (91% Wave 1 
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and 2, 92% Wave3), were administered a semistructured questionnaire in a personal 

interview in their language of preference. The questionnaire addressed family 

demographics, language use, and language activities in the home environment. 

The research assistants clarified the questions and provided concrete examples of 

what was meant whenever necessary, and they used colourful visual aid-cards to 

support the use of prestructured answering scales. At the first wave, all interviews 

were face-to-face and took place at school or at the families’ homes. At Wave 2 

and 3, some of the primary caregivers who were difficult to reach were interviewed 

over the telephone, and only when they were familiar enough with the interview the 

questionnaire was posted to the primary caregivers and filled out by themselves. All 

participating families and schools received a children’s book at each wave, and the 

families were also sent a dvd with all video materials at the end of the study, as a 

token of appreciation for their participation.

Measures

Vocabulary 

Dutch receptive vocabulary was measured with a subtest of the Test for 

Bilingualism (Toets Tweetaligheid; Verhoeven, Narain, Extra, Konak, & Zerrouk, 

1995), a language test kit specifically designed for research into bilingual development 

and examined for cultural bias on item level. Using the software package MINDS 

(Brand, 1999), four line drawings were presented on the computer screen, and the 

children were asked to point to the one corresponding to the word spoken by the 

research assistant. To avoid ceiling effects, the test was extended at Wave 2 and 3 

with 15 items from a parallel Dutch test designed from the same item pool but for 

a broader age range (Taaltoets Alle Kinderen, Verhoeven & Vermeer, 2001). Each 

correct answer was rewarded with a score of 1, yielding to a maximum score of 30 at 
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Wave 1, and 45 at Wave 2 and 3. To avoid fatigue with the younger children at Wave 

1 and 2, testing was stopped when children failed on five consecutive items, after 

which the remaining items were rewarded with the chance-score of 0.25. At Wave 3, 

the whole test was administered without cut-off criterion. 

Verbal Short-Term Memory

The capacity of verbal short-term memory was measured with three subtests, 

that differed with respect to the amount of long-term knowledge that could be used 

as support in recalling the stimuli. 

Nonword low phonotactic probability was considered to be the most pure 

measure of verbal short-term memory, free of influences of long-term phonotactic 

knowledge as well as lexical-semantic knowledge, and therefore representing a 

general capacity to remember novel sound structures. Monosyllabic nonwords with 

low Dutch phonotactic probability and low Dutch neighborhood size were constructed 

from Dutch phoneme combinations derived from a Dutch corpus. All nonwords were 

rated as not sounding like a real Dutch word according to a native speaker panel 

check (see Messer et al., 2010a, for details). 

Nonword high phonotactic probability was considered to represent the capacity 

to remember highly frequent sound combinations, for which knowledge of Dutch 

phonotactics could be used as support, but no lexical-semantic knowledge. 

Monosyllabic nonwords with high Dutch phonotactic probability but low Dutch 

neighborhood size were constructed from Dutch phoneme combinations derived 

from a Dutch corpus. All nonwords were rated as sounding like a real Dutch word 

according to a native speaker panel check (see Messer et al., 2010a, for details).  

Word recall was considered to represent the capacity to remember verbal 

material for which both phonotactic as well as lexical-semantic knowledge could be 
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used as support. Highly frequent monosyllabic words with a low age of acquisition 

were derived from a corpus of Dutch children’s books. The stimuli consisted of nouns, 

adjectives, adverbs, color names, and verbs, and were all checked by native speakers 

to ensure that they were not too abstract (see Messer et al. 2010a, for details). 

The stimuli were presented in the Automated Working Memory Assessment 

battery (AWMA; Alloway, 2007) that was adapted to the purposes of the present study, 

translated and voice recorded into Dutch by native speakers. In all subtests, the child 

had to recall sequences of stimuli, starting with a block of one item and building up to 

a block of seven items in a row. Each block consisted of six trials, that were scored 

as incorrect when one of the items was omitted, was recalled wrongly, or when the 

sequence of items was incorrect. Each phoneme had to be recalled correctly for a 

positive score. To make sure that memory and not production failure was measured, 

consistently substituted phonemes resulting from articulation problems, and foreign 

accents were not scored as incorrect. When the first four trials within a block were 

recalled correctly, the child automatically received a score of 6 and proceeded to the 

next block. Note that a score of 6, for example, could therefore represent six correct 

one-item trials and no correct two-item trials, or four correct one-item trials and two 

correct two-item trials. Testing stopped after three incorrect recalls within one block. 

The scores could range from 0 (block 1) to 42 (block 7), but the children did not 

exceed block 4 (maximum score = 24). At Wave 2 and 3, a subset of the nonwords 

was used, presented in the software package MINDS (Brand, 1999) according to 

the same format and scoring rules, but with each block consisting of four fixed trials 

instead of the optional six. All nonword recall tests were videotaped, and afterwards 

scored by native speakers. To correct for differences in task length between Wave 

1 and Wave 2/3 in the nonword recall tasks, only the scores of the first four trials 

per block were used for Wave 1 (see Messer et al., 2010b, for details). For each of 
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the three subtests, the mean of Wave 1, 2 and 3 was computed to represent verbal 

short-term memory capacity during the whole kindergarten period. 

Home Language Environment

 Children’s experience with language through reading activities and oral 

language interactions in the family context was determined by a questionnaire based 

on the Early Childhood version of the HOME (HOME EC) observation scheme by 

Bradley and Caldwell (1984) and previously used questionnaires (e.g. Leseman & 

Van den Boom, 1999). The HOME EC lists concrete learning activities in the area 

of motor, cognitive, language, and literacy skills. To avoid ceiling effects (Vedder, 

Eldering & Bradley, 1995), the dichotomous scoring of the HOME-items was replaced 

by five-point Likert scales, with scores ranging from 1 (never) to 5 (daily). Given the 

focus of the present study, additional items referring to concrete oral and literate 

language activities were added. The primary caregiver rated how frequently the child 

participated in these activities. Based on theoretical considerations and supported 

by the results of exploratory principal components analysis, four scales representing 

four types of literate and oral language activities, were constructed by computing the 

mean of the items included in these scales (see Appendix A for the items).

Songs consisted of four items and included questions about the frequency of 

singing or listening to songs and rhymes. Cronbach’s alpha of the scale was .69 at 

Wave 1, .79 at Wave 2 and .76 at Wave 3.  

Stories contained four items on the frequency of different kinds of story telling 

(e.g. true stories, funny stories, fairy-tales). Cronbach’s alpha of the scale was .70 at 

Wave 1, .77 at Wave 2 and .70 at Wave 3.  

Conversations was composed of 11 items covering different forms of spoken 

interaction with the child, including conversations about personal experiences, 
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shared memories and discussions about topics of general interest. Cronbach’s alpha 

of the scale was .78 at Wave 1, .82 at Wave 2 and .77 at Wave 3.  

Reading consisted of six items and included questions about the frequency of 

shared reading of narrative stories and information books. Cronbach’s alpha of the 

scale was .69 at Wave 1, .73 at Wave 2 and .72 at Wave 3.  

In addition, interviewees were asked to indicate for each type of language 

activity which language was used (see Appendix A), yielding to a measure of  Dutch 

language use for each type of activity separately, with scores ranging from 0 to 1 (0 

= Dutch never used with that particular type of activity; .25 = another language used 

more often than Dutch; .50 = Dutch and another language used equally; .75 = mostly 

in Dutch, sometimes another language; 1 = always in Dutch). 

For each of the four scales and the four Dutch language use measures, the 

mean of Wave 1, 2 and 3 was computed to represent home language input and 

Dutch language use during the whole kindergarten period. Subsequently, the 

language-specific measures Dutch language input were constructed by multiplying 

each of the four scales with their corresponding measures of Dutch language use, 

after z-transformation (and adding 10 to avoid multiplication of negative numbers) 

of each of the scores. Note that, for instance, a maximum score meant that the type 

of language activity concerned was provided very frequently on average (5 = daily) 

and always only in Dutch (Dutch language use = 1), whereas a very low score would 

mean that either the type of activity was never present or the language used was 

always another language than Dutch. 

Plan for Analyses

We analyzed the data with structural equation modeling and, more specifically, 

with Latent Growth Modeling (LGM; Duncan, Duncan & Strycker, 2006). The analyses 
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were carried out in three steps. First, to estimate the average initial level based on 

information from all measurement occasions (intercept), and mean rate of growth 

(slope) of vocabulary, a univariate LGM was performed for all children together, and 

group was added as a predictor to the model to assess possible group differences. 

Second, to investigate the extent to which low-probability nonword recall, high-

probability nonword  recall and word recall predicted average initial level and rate of 

change of vocabulary, the three measures were added to the growth model. Since 

the three measures of verbal short-term memory built up in the amount of long-term 

knowledge that could be used as support in recalling the stimuli, the predictors were 

added stepwise to the model, similar to hierarchical regression analysis, starting with 

the most pure measure low-probability nonword recall, to assess whether differences 

in a general capacity to remember sound structures predicted differences in vocabulary 

development. Subsequently adding high-probability nonword recall  to the model 

estimated whether additional long-term phonotactic knowledge was important for 

vocabulary development. Finally adding word recall to the model estimated whether 

additional lexical-semantic knowledge was important for vocabulary development. 

Again, group was added as a predictor to the final model to assess possible group 

differences in the three measures of verbal short-term memory and remaining group 

differences in vocabulary development after controlling for verbal short-term memory. 

Third, to assess the predictive value of the home language environment, two-step 

modeling was used (Kline, 2005). A latent variable was created first, from the four 

observed Dutch language input scales, and the fit of this measurement model was 

determined. Subsequently, the latent variable was added to the growth model with 

the three predictors of verbal short-term memory, to assess whether home language 

environment influenced verbal short-term memory and vocabulary development. 

The descriptive statistics and correlations between vocabulary at each Wave and 
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Note. Stm = Short-Term Memory; Low = Low phonotactic probability; High = High phonotactic prob-

ability; Conv. = Conversations; Read. = Reading. For verbal stm and Dutch language input the means 

of Wave 1, 2 and 3 are presented. 
aThe range of the three verbal stm measures is for block 1-4 only.  

Table 1 Descriptive Statistics for Vocabulary at Three Waves, Measures of Verbal Short-Term 

Memory,  and Measures of Language Input

Variable
 Total sample

(n = 141)
Turkish group

(n = 69)
Dutch group

(n = 72)

Range M SD M SD M SD

Vocabulary

Wave 1 0-30 17.56 4.89 14.25 3.86 20.64 3.54

Wave 2 0-45 26.53 6.09 22.47 3.15 30.40 5.69

Wave 3 0-45 30.29 5.92 25.82 3.23 34.38 4.74

Verbal stm

Nonword-low 0-16ª 2.23 1.00 2.13 0.87 2.34 1.10

Nonword-high 0-16ª 4.24 1.47 3.86 1.35 4.60 1.50

Word 0-24ª 14.66 3.41 13.27 2.83 16.00 3.39

Language input

Songs    frequency 1-5 2.82 0.84 2.50 0.79 3.12 0.78

Dutch use 0-1 0.57 0.40 0.23 0.26 0.89 0.19

Stories   frequency 1-5 3.01 0.81 2.91 0.83 3.11 0.79

Dutch use 0-1 0.58 0.45 0.17 0.26 0.97 0.12

Conv.      frequency 1-5 3.49 0.55 3.36 0.53 3.62 0.55

Dutch use 0-1 0.64 0.38 0.30 0.26 0.96 1.00

Read.    frequency 1-5 3.09 0.69 3.01 0.69 3.17 0.69

Dutch use 0-1 0.81 0.27 0.64 0.29 0.98 0.09
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the predictors are shown in Table 1 and 2.     

 All variables were normally distributed, with standardized skewness and kurtosis 

measures not exceeding the value of 3. All the analyses were performed usingthe 

statistical package AMOS (version 7; Arbuckle, 2006). Missing data (1.1 % of all data) 

were not imputed, since the maximum likelihood estimation method retains all cases 

in the analyses and utilizes the available observations (Kline, 2005). To evaluate 

model fit, we used Chi-square (χ²), the Root Mean Square Error of Approximation 

(RMSEA), the Comparative Fit Index (CFI) and the Tucker-Lewis Index (TLI). As a 

rule of thumb, a low and nonsignificant χ² indicates good model fit, RMSEAs below 

Table 2 Sample Correlations Among Vocabulary at Three Waves, Measures of Verbal Short-

Term Memory (stm), and Measures of Dutch Language Input 

Variable 1 2 3 4 5 6 7 8 9

Vocabulary
1 Wave 1
2 Wave 2 .71**
3 Wave 3 .72** .82**
Verbal stm
4 Nonword-low .33** .34** .32**
5 Nonword-high .43** .44** .43** .62**
6 Word .53** .56** .59** .56** .61**
Dutch language input
7 Songs .52** .63** .62** .06 .23** .35**
8 Stories .53** .54** .62** .10 .19* .29** .77**
9 Conversations .53** .59** .62** .09 .20* .35** .83** .81**

10 Reading .43** .42** .45** -.04 .02 .17* .63** .61** .67**

Note. N = 141. Dutch language use = frequency x Dutch use. Low = Low phonotactic probability; High 
= High phonotactic probability

*p < .05. **p < .01.
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.05 indicate good fit and below .08 reasonable fit, and CFIs and TLIs greater than 

.90 indicate acceptable fit (Kline, 2005). The χ² difference test was used to test the 

statistical significance of the decrement or improvement in overall fit as paths were

eliminated (trimming) or added (building), respectively. Adding a path, resulting in 

the loss of one degree of freedom, should statistically significantly improve model 

fit, and removal of a path, resulting in the gain of one degree of freedom, should not 

significantly worsen model fit. 

Table 3 Model Fit Indices and Nested Model Comparisons of Univariate Model for Vocabu-
lary Development

Fit indices
________________________________

Model comparison
______________

χ2 df p TLI CFI RMSEA ∆χ2 ∆df p
Total sample (n = 141)

Time interval 0-1-1.8 38.8 1 .00 0.11 0.85 .52

Time interval 0-1-1.4 0.08 1 .77 1.02 1.00 .00

Constraining covariance 0.12 2 .94 1.02 1.00 .00 0.04 1 .85

Turkish group (n = 69)

Time interval 0-1-1.8 16.33 1 .00 -3.91 0.18 .48

Time interval 0-1-1.4 0.01 1 .91 1.31 1.00 .00

Constraining covariance 2.53 2 .28   .92   .97 .06 2.51 1 .11

Dutch group (n = 72)

Time interval 0-1-1.8 22.44 1 .00 -0.39 0.77 .55

Time interval 0-1-1.4 0.03 1 .86 1.06 1.00 .00

Constraining covariance 8.97 2 .01 0.78 0.93 .22 8.94 1 .00
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Results

Vocabulary Development

Vocabulary development was modelled with a linear growth curve for both 

groups of children together, to estimate average initial level (intercept), and mean 

rate of growth (slope). See Table 3 for the steps that were followed during trimming 

and building of the model and the corresponding fit indices. The regression weights

of the slopes were first fixed at 0, 1 and 1.8 to represent the exact time intervals 

between each of the three measurement occasions, with Wave 1 as the starting 

point. This model, however, did not fit the data well. When releasing the regression 

weight of the last measurement occasion, the model freely estimated a regression 

weight of 1.4 instead of 1.8, indicating that the growth was not completely linear, 

which might have resulted from the extension of the vocabulary test to avoid ceiling 

effects at Wave 2 and 3. Subsequently fixing the last measurement at 1.4 resulted 

in good model fit. Finally, removal of the nonsignificant covariance between the 

intercept and slope did not significantly decrease model fit. In this final model, both 

the mean and variance of the intercept ( M = 17.6, p < .001; σ² = 20.6, p < .001) 

and the mean and variance of the slope (M = 9.0, p < .001; σ² = 5.9, p < .001) were 

significant, indicating that the average initial level of vocabulary was higher than zero 

and differed amongst the children, and that vocabulary increased over the preschool 

years, with children differing in their rate of change.

 To examine possible differences in vocabulary development between the 

Turkish-Dutch and Dutch group, group was added as a predictor to the model. The 

conceptual model is depicted in Figure 1. As expected, the Dutch group showed a 

higher initial level of vocabulary when entering kindergarten (β = .76, p < .001), but 

also a faster rate of development over the preschool years (β = .40, p  < .001).

To ensure that the above described final model estimated in the total sample was 
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representative of both the Dutch and Turkish-Dutch subsamples, we re-estimated the 

LGM for each group separately, using the multigroup option of AMOS, and following 

the same steps of model building and trimming. As can be seen in Table 3, the model 

with the regression weight of the last measurement occasion fixed at 1.4 instead of 

1.8 fitted both groups well. In the Dutch group, a negative covariance between the 

intercept and slope was significant and removal resulted in decreased model fit. This 

Group

Intercept
M = 14.3** 
σ² = 7.5**

Slope
M = 8.3**
σ² = 3.2**

Vocabulary
4 years

Vocabulary
6 years

Vocabulary
5 years

χ2 (3) = 1.14
p = .77
TLI = 1.02
CFI = 1.00
RMSEA = .00
** p < .01

EEE

1.401 1 11

.76** .40**

D D

Figure 1. Growth model of vocabulary development across 3 measurement occasions, 
with group as predictor (0 = Turkish-Dutch group; 1= Dutch group). D = disturbance. E = 
measurement error.
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negative covariance indicated that a higher initial level was related to

a slower rate of change. Taken together, it seems justified to estimate both groups 

in one model, in order to increase the power of the estimation due to larger sample 

size (Kline, 2005), and to be able to predict why some children lag behind in their 

vocabulary development compared to others on a broad continuum of vocabulary 

skills.

Verbal Short-Term Memory Predictors

To investigate the predictive value of the three measures of verbal short-term 

memory for the average initial level of vocabulary and rate of development, the 

predictors were added one by one to the model, with corresponding covariances 

Table 4 Parameter Estimates for the Three Verbal Short-Term Memory Predictors, Stepwise 
Added to the Growth Model of Vocabulary, and Model Fit Indices

β Covariances R²

L H W

Model I S I S I S L-H H-W L-W I S

1. .37** .10 .14 .01

2. .13 .00 .39** .16 .62** .23 .03

3. -.01 -.10 .19† .03 .49** .35* .62** .61** .56** .39 .10

Model fit indices

χ2 df p TLI CFI RMSEA

1. .53 3 .91 1.03 1.00 .00

2. 4.45 7 .72 1.02 1.00 .00

3. .91 5 .97 1.04 1.00 .00

Note. L = Nonword Low phonotactic probability, H = Nonword High phonotactic probability; W = 
Word, I = Intercept, S = Slope. 

†p <.10   *p < .05    **p < .01
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between each pair of predictors (see Table 4). First, adding low-probability nonwords 

as a predictor to the model resulted in a significant path to the intercept, explaining 

14% of its variance, but a nonsignificant path to the slope. Second, when adding 

high-probability nonwords to the model, 23% of the intercept’s variance could be 

explained (R² Change = .09). Low-probability nonwords no longer significantly 

predicted variation in the intercept because high-probability nonwords was the 

strongest predictor. Again, no significant paths to the slope were found. When 

adding recall of words as a final step, 39% of the variance in intercept (R² Change 

= .16) and 10% of the variance in slope could be explained. As in the previous 

model, low-probability nonwords no longer was a significant predictor and high-

probability nonwords did not significantly  predict variation in the slope but did predict 

variation in the intercept, this time reaching only borderline significance. The most 

important predictor 

was word recall,  predicting not only the initial level of vocabulary, but also the 

rate of change. Note that all three models fitted the data well, and that all pairs of 

covariances between the three predictors were significant.       

To examine possible group differences in all three of the predictors, and remaining 

group differences in vocabulary development between the bilingual Turkish-Dutch 

and monolingual Dutch group, group was added as a predictor to the final model. As 

previously shown (Messer et al., 2010b), the groups did not differ in low-probability 

nonwords recall (β = .11, p = .19), but did differ in high-probability nonwords recall 

(β = .25, p  < .01) with higher scores in the Dutch group compared to the Turkish-

Dutch group. In addition, the Dutch group had higher scores for word recall (β = .40, 

p < .001). Group differences in vocabulary intercept and slope, not mediated by the 

predictors, remained significant as well (β = .63, p  < .001; β = .34, p  < .05 ). The 

model fitted the data well (χ²(6) = 1.74, p = .94; RMSEA = .00; CFI = 1.00; TLI = 1.04). 
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Figure 2. Home language environment of the Turkish-Dutch (T) and Dutch (D) group, at Wave 
1, 2 and 3. Frequency of specific activities (1 = never; 2 = yearly; 3 = monthly; 4 = weekly; 5 = 
daily) and language used during these activities (Non-Dutch; Dutch).  
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χ2 (26) = 31.01
p = .23
TLI = 0.99
CFI = 1.00
RMSEA = .04
** p < .01
 * p < .05

Conv Read Stories Songs

Low High Word

Vocabulary
4 years

Vocabulary
5 years

Vocabulary
6 years

Input Dutch

Slope
M = 7.4**
 σ² = 2.0*

Intercept
M = 9.7** 
σ² = 5.5**

89**.87**.71**1.00

.36**.42**.21*.55**.08

-.04.09 .17 .01 .28** .23

1 1 1,4011

Figure 3. Growth Model of vocabulary development across 3 measurement occasions, with 
predictors Nonword with Low Phonotactic Probability (Low), Nonword with High Phonotactic 
Probability (High) and Word (Word), and latent variable Input Dutch with observed variables 
Conversations (Conv), Reading (Read), Stories and Songs. For simplification, disturbances, 
measurement errors and co-variances between the verbal short-term memory predictors are 
not depicted. R² Low = .01; R² High = .05; R² Word = .13; R² Intercept = .68; R² Slope = .29
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Influences of Home Language Environment

Figure 2 shows the language activities taking place in each of the group’s homes 

and the proportion of Dutch language used during these activities at each of the 

measurement occasions. The descriptive statistics, with overall language input and 

Dutch language use averaged over the three measurements, are presented in Table 

1. One-way ANOVAs revealed that the Dutch parents more frequently engaged 

their children in singing activities, F(1,139) = 22.13, p < .001, and conversations, 

F(1,139) = 7.85, p < .01, than the Turkish-Dutch parents. The groups did not differ 

significantly in frequency of story telling and reading activities. As expected due to 

the monolingual and bilingual situations, the groups differed significantly in their 

amount of Dutch language use during singing activities, F(1,138) = 298.45, p < .001, 

story telling, F(1,139) = 552.87, p < .001, conversations, F(1,139) = 404.54, p < .001, 

and reading, F(1,138) = 92.26, p < .001. Use of Dutch was almost 100% during all of 

the reported activities in the monolingual Dutch group. In the bilingual Turkish-Dutch 

group, on average 64% of the reading activities, 30% of the conversations, 23% of 

singing activities and 17% of story telling were in Dutch.

A language-specific latent variable input Dutch, with four observed variables 

representing the multiplication of language input activity x Dutch language use, was 

composed. This latent variable fitted the data well (χ²(2) = 0.14, p = .93; RMSEA = 

.00; CFI = 1.00; TLI = 1.02) with each of the observed variables loading well on the 

latent variable (conversations β = .94, reference variable; reading β = .71, p < .001; 

stories β = .86, p  < .001; songs β = .88, p < .001). Model fit was good in each group 

separately as well, ensuring that the model was representative of language input in 

both the monolingual Dutch and bilingual Turkish-Dutch group: Dutch group (χ²(2) = 

0.05, p = .98; RMSEA = .00; CFI = 1.00; TLI = 1.11; conversations β = .88, reference 

variable; reading β = .61, p  < .001; stories β = .73, p  < .001; songs β = .70, p < .001), 
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Turkish-Dutch group (χ²(2) = 0.05, p = .97; RMSEA = .00; CFI = 1.00; TLI = 1.10; 

conversations β = .89, reference variable; reading β = .58, p < .001; stories β = .72, 

p < .001; songs β = .79, p < .001).           

 The variable input Dutch was added to the growth model of vocabulary 

development with the three measures of verbal short-term memory as predictors, 

to examine whether the home language environment influenced verbal short-term 

memory, and whether influences of the home language environment on vocabulary 

development were fully mediated by verbal short-term memory. As can be seen 

in Figure 3, input Dutch did not influence low-probability nonwords recall, and did 

influence high-probability nonwords recall, explaining 5% of its variance. Word recall 

was influenced most by the home language environment, explaining 13% of its 

variance. The influence of home language environment on vocabulary development 

was not fully mediated by these three measures of verbal short-term memory. In fact, 

when adding input Dutch to the model, only word recall significantly predicted the 

intercept of vocabulary, and input Dutch directly both the intercept and slope. Dutch 

language activities in the home thus predict the initial level of Dutch vocabulary as 

well as its rate of change over the preschool years. Together, the predictors explained 

68% of the variance in intercept and 29% of the variance in slope. 

Discussion

In the present study, we hypothesized that children’s vocabulary acquisition can 

be predicted by their verbal short-term memory capacity. In addition, we hypothesized 

that not only vocabulary, but also verbal short-term memory capacity itself, is related 

to the language input children receive in their home environment. By differentiating 

between three measures of verbal short-term memory, building up in the amount 

of long-term knowledge that could be used as support, a more detailed picture of 
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the complex relation between verbal short-term memory, vocabulary acquisition and 

environmental influences could be provided.

Vocabulary Development

LGM showed that children differed in their initial level of vocabulary when 

entering kindergarten, and that vocabulary increased over the 2 years, with children 

differing in their rate of change. As expected, the initial level of Dutch vocabulary 

was higher in the Dutch group compared to the Turkish-Dutch group, since the 

Turkish-Dutch children were raised bilingually and their second language Dutch 

was provided only to a small extent before the age of four at home and in Dutch 

preschool settings. Although the children were submerged in a rich Dutch language 

environment at school, the Turkish-Dutch children did not catch-up with their Dutch 

peers during the following years. In fact, the Dutch children even showed a higher 

rate of development. These results highlight the importance of disentangling different 

factors that influence vocabulary development from an early age. 

Verbal Short-Term Memory and Vocabulary Development

The analyses revealed that the Turkish-Dutch and Dutch children did not 

differ in recall for nonwords with low phonotactic probability. When encountering 

completely new phonological information, both groups of children thus are similarly 

skilled to store this information. In addition, previous studies with the same sample 

of children have shown that both groups did not differ in nonverbal fluid intelligence 

and visuospatial short-term memory when they just entered kindergarten (Messer et 

al., 2010a; 2010b). Thus, the groups did not differ in general cognitive abilities. The 

groups did differ, however, in recall for nonwords with high phonotactic probability, 

showing a lack of Dutch phonotactic knowledge support for the Turkish-Dutch 
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children. The development of these two measures of verbal short-term memory was 

analyzed in a previous study with the same sample of children, showing that there 

was no developmental improvement for the recall of nonwords with low phonotactic 

probability, while recall for nonwords with high phonotactic probability did increase 

over the years, with both groups developing at a similar pace and the Turkish-

Dutch children thus not catching up with their Dutch peers (Messer et al., 2010b), 

much like the pattern of Dutch vocabulary development. The results of the present 

study further revealed that the strongest group differences were found for recall of 

words, showing an additional lack of lexical-semantic long-term knowledge support 

in the Turkish-Dutch group. Although the basic capacity to represent phonological 

information is thus the same in both groups of children, the core problem seems 

to be less developed long-term knowledge of the language, phonotactic as well as 

lexical-semantic, in turn not supporting verbal short-term recall. The question arises, 

whether the more pure capacity of verbal short-term memory free from long-term 

memory influences, or additional acquired language knowledge in turn facilitating 

recall, were the most important predictors of vocabulary acquisition.

The results revealed that all of these components were equally important 

building blocks in word learning. Differences in the initial level of vocabulary could 

be attributed to children’s capacity to remember completely novel phonological 

material, their capacity to remember verbal material for which gradually developed 

knowledge of Dutch phonotactics could be used as support, and their capacity to 

remember verbal material for which both phonotactic knowledge and lexical-semantic 

knowledge could be used as support. Only the variable comprising all three of these 

components together could explain the rate of developmental change during the 

kindergarten period. Although this might suggest that memory for completely novel 

verbal material and memory for Dutch phonotactics were only important in the early 
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stages of word learning before the start of kindergarten, after which lexical-semantic 

knowledge became most important, this might be too strong a conclusion for the 

current study, because the intercept is also estimated based on all measurement 

occasions. It would agree with studies revealing that semantic associations become 

more important in later stages of word learning around the age of 5, when children 

increasingly store words in a highly organized and hierarchical way in long-term 

memory (e.g. Tyler & Marlsen-Wilson, 1981). Although the conclusion concerning 

the exact timing of each of the components thus remains tentative, our study did 

reveal that pure verbal short-term memory alone is not the most important predictor 

of vocabulary acquisition, and that long-term knowledge plays an additional profound 

role. For the Turkish-Dutch children, who lagged behind in short-term memory for 

Dutch phonotactics and lexical-semantic knowledge, these results imply that an 

important interface between language input and what is learned from the input is 

less effective, constituting a cumulative risk.   

Home Language Environment Predicting Verbal Short-Term Memory

As expected, the Turkish-Dutch children received less input in Dutch in their 

home environments compared to monolingual Dutch children. The fact that the 

Turkish-Dutch children did not differ from the Dutch children in recall of nonwords with 

low phonotactic probability, but did differ in recall of nonwords with high phonotactic 

probability and recall of words, already suggested that there might be environmental 

influences on the latter two, but not on the first, because both groups of children were 

raised in different linguistic environments. This is precisely what was found. Language 

input in the home environment, during activities that are known to elicit the kind of 

language use that stimulates language development most (shared book reading, 

parent-child conversations and story-telling, and overhearing and singing songs), 
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did not influence the basic capacity to remember new phonological information. The 

suggestion that verbal short-term memory is not dependent on language input, and 

might be highly heritable (Gathercole, 2006), is compatible with these results. The 

capacity to remember verbal material for which knowledge of Dutch phonotactics 

and lexical-semantic knowledge could be used as support, however, were influenced 

by the amount of Dutch language activities in the children’s homes. Our study thus 

revealed profound influences of language input on verbal short-term memory, when 

verbal short-term memory is defined in this broader sense. 

Although verbal short-term memory was a profound predictor, the influences of 

the home language environment on vocabulary acquisition were not fully mediated 

by the three measures of verbal short-term memory; there were substantial direct 

effects. In the current study, we only focused on two types of linguistic knowledge that 

might aid verbal short-term memory: phonotactic knowledge and lexical-semantic 

knowledge. We deliberately chose monosyllabic nonwords as stimuli, to reduce the 

impact of other kinds of linguistic knowledge. In most studies investigating the relation 

between nonword repetition or recall performance and vocabulary development, 

nonwords with multiple syllables were used. These nonwords thus included not only 

additional phonotactic knowledge, but also more prosodic information about stress 

patterns. In future studies, the impact of these prosodic cues on verbal short-term 

memory and subsequent vocabulary development should also be investigated, to 

answer the question whether verbal short-term memory is a crucial, instead of only 

partial, interface between language input and vocabulary acquisition. 

In sum, individual differences in the ability to represent completely new 

phonological information, that is pure verbal short-term memory, predict vocabulary 

development to some extent; a child with greater basic capacities to store information 
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will need fewer exposures to learn a new word. This ability is not influenced by the 

linguistic environment of a child, which is in accordance with the view that verbal short-

term memory might be highly heritable (e.g. Gathercole, 2006). When a child has 

been exposed to a language to some extent, knowledge of that language gradually 

develops and different types of language knowledge in turn subsequently aid recall 

of newly encountered words and consolidation in long-term memory. Verbal short-

term memory by that time is broader than the representation of novel phonological 

information only, rather, it includes phonotactic, lexical-semantic knowledge, 

and perhaps also other kinds of linguistic knowledge, and closely resembles the 

language network. Verbal short-term memory in this broader definition is thus 

influenced considerably by growing language knowledge and is highly dependent on 

language input. In other words, mutually reinforcing processes are taking place. For 

children who receive less linguistic input in a particular language, this implies that 

an important interface between language input and what is learned from the input is 

less efficient, constituting a cumulative risk. The same applies to children who have 

acquired knowledge of a first language and subsequently learn a second language, 

as is the case with many bilingual children all over the world.     
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Scale activities: 
1= never; 
2= yearly; 
3= monthly; 
4= weekly; 
5= daily

Answers language use:  
1=Dutch
2=Turkish
3=More languages equally, namely…
4=More languages, mostly…and sometimes..
5=Other, namely…

Appendix A. Home language environment questions

Conversations 

Do you talk with your child about things he/she experiences, for example with what children he/she played?

Do you talk with your child about things that you experience yourself, for example a visit to a friend?

Do you and your child talk about secrets?

Do you talk with your child about how he/she feels, for example sad, happy or angry? 

Do you talk with your child about how other people are feeling, for example brothers or sisters? 

Do you talk with your child about nice or difficult things that happen in the world?

Do you talk with your child about things that happen to the body, like being ill?

Do you talk with your child about historic events, for example from a country’s history?

Songs

Do you sing songs together with your child?

Do you invent songs or rhymes together with your child?

Do you teach your child songs, rhymes or verses from the old days?

Do you show your child how to rhyme or make songs? 

Stories 

Do you tell jokes or funny little stories to your child?

Does your child tell jokes or funny little stories itself?

Do you tell made-up stories, fairy-tales, or legends to your child?

Do you make up stories together with your child?

When you tell stories to your child, what language is usually spoken?

When you sing for or with your child, what language is usually spoken?
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When you read to your child yourself, in what language do you do that usually?

When someone else reads to your child, in what language is that usually done? 

(Take score of primary caregiver, and if the primary caregiver’s answer is ‘never’ take score of other)

When you talk with your child about these subjects, what language is usually used inside the house?

When you talk with your child about these subjects, what language is usually used inside the house?

(compute mean score afterwards)

Reading 

Are letter books, like ABC-books, read to your child?

Are counting books read to your child?

Are books written in the first person read to your child, for example ‘I am getting a baby sister’?

Are books written in the third person read to your child, for example ‘Nijntje’?

Are funny poems, verses or little stories read to your child?

Are informative books, for example about the weather or animals, read to your child? 

Do you ask your child about things he/she knows for example from television, books or stories?

When you talk with your child, do you explain the meaning of difficult words?

Do you tell your child stories about events you experienced when you were little?
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Introduction

The complex relation between verbal short-term memory, existing language 

knowledge, and vocabulary acquisition was the subject of the current thesis. The 

study aimed to contribute to the understanding of the influences of verbal short-term 

memory on vocabulary acquisition on the one hand and influences of the home 

language environment on both verbal short-term memory and vocabulary acquisition 

on the other hand, by integrating all these aspects in a single longitudinal study with 

monolingual and bilingual children in the preschool age. A total of 67 Turkish native 

speakers learning Dutch as a second language and 72 Dutch native speakers were 

followed during their kindergarten years. The children were tested in three waves: at 4, 

5 and 6 years of age. For most Turkish immigrant children in the Netherlands, Turkish 

is their home language and school enrolment often marks their first submersion in 

a primarily Dutch language environment. The specific interest for this group follows 

from the substantial and persistent disadvantages that are found for these children 

when it comes to their Dutch language and literacy development in comparison with 

their native Dutch peers at the start of primary school. In this chapter of the thesis, 

the main findings of the studies will be summarized and implications of the studies 

for Turkish-Dutch children and limitations and recommendations will be provided.

Summary of the Findings

Chapter 2 provided a review of research to date investigating the role of 

verbal short-term memory in vocabulary acquisition of bilingual children, in order 

to answer the question whether verbal short-term memory constitutes a crucial 

interface between language input and vocabulary acquisition of young bilingual 

children. The review showed that this question is susceptible to a complex circular 

argument, due to the reciprocal relation between the two concepts. On the one hand, 
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verbal short-term memory has repeatedly been shown to be a good predictor of 

vocabulary acquisition of both monolingual and bilingual children. On the other hand, 

the development of verbal short-term memory itself seems to be considerably and 

perhaps even completely driven by long-term knowledge support, an effect found 

for monolingual as well as bilingual populations. The debate seemed to centre 

around the exact definitions used for verbal short-term memory. It was concluded 

that verbal short-term memory defined as the ability to actively represent different 

types of linguistic information- an ability which is influenced by previously acquired 

knowledge and thus the linguistic input a child has received- together with a domain 

general sequence learning mechanism, provided a very useful concept in order 

to predict vocabulary development for monolingual as well as bilingual children. 

The review showed that to date, the short-term representation of completely novel 

phonological information in correct serial order and the reliance on knowledge of 

the statistical distribution of phoneme clusters in a language, so called phonotactic 

knowledge, have not been clearly discerned in research. The reviewed studies have 

thus shown that in combination the two form important predictors of vocabulary 

acquisition in monolingual and bilingual children. Because research with bilingual 

adults has indicated that long-term phonotactic knowledge support seems to be 

less available in the second language, it was concluded that this might constitute 

a cumulative risk for young second-language learners. The review raised some 

important questions for future research which were subsequently addressed in the 

empirical studies of this thesis. A first question was whether phonotactic knowledge 

influenced verbal short-term memory in young children as well, as this influence 

had only been investigated among adult populations, and whether there was a 

difference between monolingual and bilingual children with regard to the the extent 

of phonotactic knowledge support they experienced. Second, the review suggested 
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that it would be very interesting to follow the development of verbal short-term 

memory of both of these groups using a longitudinal design for “pure” measures and 

stimuli for which phonotactic knowledge support could be used. This would allow us 

to answer the question whether verbal short-term memory development is entirely 

dependent on long-term knowledge, as suggested by recent studies, and/or whether 

this very basic capacity showed developmental improvement as well. Moreover, this 

would demonstrate whether phonotactic knowledge support in particular showed 

developmental improvement over the years and whether there were differences in 

the rate of development between monolingual and bilingual children. A third important 

question concerned the relative impact of phonotactic knowledge, compared to more 

pure measures of verbal short-term memory, on early word learning of monolingual 

and bilingual children. Finally, it seemed necessary to investigate the influence of 

the linguistic environment on verbal short-term memory performance as none of the 

studies discussed in the review included detailed measures of linguistic input.         

Chapter 3 concerned the first empirical study of this thesis, based on data from 

the first wave. The study examined to what extent long-term phonotactic knowledge 

increased the capacity of verbal short-term memory in young language learners and, 

through increased verbal short-term memory capacity, supported these children’s 

first and second-language vocabulary acquisition. The superior recall of nonwords 

with high phonotactic probability compared with nonwords with low phonotactic 

probability indicated that phonotactic knowledge was supportive for verbal short-

term recall in both languages. However, the extent of this support depended on 

prior experiences with the language: The Turkish–Dutch children showed a greater 

phonotactic probability effect in their native language Turkish compared with their 

Dutch peers and the monolingual Dutch children outperformed the bilingual Turkish–

Dutch children in their native language Dutch. A surprising additional effect was 
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found: The Dutch children showed a phonotactic probability effect in Turkish even 

though they had no prior experience with this language. A further analysis of the list 

of biphones in Turkish and Dutch showed a moderate positive correlation between 

both languages. Although previous research had shown that language dominance 

may impede the acquisition of certain phoneme clusters that are specific for the 

second language and illegal in the first language, these results indicated that it is a 

distinct possibility that knowledge of phonotactic patterns common to both languages 

is transferred from the native to the second language and thus supports verbal short-

term recall in the second language. Regression analyses showed that phonotactic 

knowledge, indicated by the difference in recall of nonwords with high versus low 

phonotactic probability, was an important predictor of vocabulary in both languages. 

Looking at the Turkish-Dutch children specifically, the study showed that the 

children had some support from phonotactic knowledge in Dutch, but performance 

was far below that of the Dutch group. As the Turkish-Dutch and Dutch children 

did not differ in nonverbal intelligence, visuospatial short-term recall, and verbal 

short-term recall for highly automated digit knowledge, it was not likely that these 

group differences could be attributed to differences in general cognitive abilities. 

These results suggested that because of a disadvantage at the very basic level 

of phonotactic knowledge acquisition, the Turkish-dominant bilingual children had 

more difficulties with sustaining new aspects of the Dutch language in their memory 

for short-periods of time and as a result were hampered in their construction of long-

term representations. 

Chapter 4 followed the development of verbal short-term memory in both groups 

of children from 4 to 6 years of age and included the data of all three waves. Latent 

Growth Modeling (LGM) showed that the recall of nonwords that could not rely on 

long-term knowledge, differed between children, but not between the monolingual 
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and bilingual group, neither did it show any developmental improvement over the 

kindergarten years. The recall of nonwords for which long-term knowledge support 

could be used did differ between both groups and increased over the time. These 

results implied that developmental increases in verbal short-term memory could 

be entirely explained by increasing language knowledge, which in turn facilitated 

verbal short-term memory. All other mechanisms of growth suggested by previous 

research, i.e. growth in articulation rate (improving either subvocal rehearsal or 

spoken duration during recall), decrease in the rate of decay of memory traces, 

development of capacity, and development of executive functions, thus did not play 

a substantial role, at least not in this particular age range, or themselves were the 

result of growing language knowledge. The crucial difference between the other 

suggested mechanisms of growth and growing support of language knowledge, is 

that the ability to represent completely novel phonological information in the correct 

serial order might be considered as a highly heritable neurobiological factor, while 

the development of linguistic knowledge is highly dependent on language input and 

thus the linguistic environment of the child.  

The study focused on a specific source of long-term knowledge support, i.e.  

long-term phonotactic knowledge. This was, to the best of our knowledge, the 

first longitudinal study investigating the development of phonotactic knowledge 

support for both monolingual and bilingual children. The greater developmental 

improvement for the recall of nonwords with high phonotactic probability compared 

to no developmental improvement for the recall of nonwords with low phonotactic 

probability showed that phonotactic knowledge became more entrenched over the 

kindergarten years in both groups of children. Interestingly, there were no statistically 

significant individual differences in the rate of development between the children 

and between the monolingual and bilingual groups. Dutch phonotactic knowledge 
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was superior in the monolingual children as compared to the bilingual children who 

just started learning Dutch as their second language. As the rate of development 

over the years was equal in both groups, this disadvantage in Dutch phonotactic 

knowledge support was not reduced by the richer second-language environment 

provided to the children at school.  

In Chapter 5, the vocabulary development of both groups of children from age 4 

to age 6, including data from all three measurement waves, was analyzed with LGM. 

The study aimed to contribute to the understanding of the influence of verbal short-

term memory on vocabulary development and the influence of the home language 

environment on both verbal short-term memory and vocabulary development, by 

integrating all these aspects in a single longitudinal study. Detailed measures of 

language input in the children’s home environments were collected during a personal 

interview with the primary caregivers of the children and were related to verbal short-

term memory. Furthermore, three measures of verbal short-term memory, differing 

in the amount of long-term knowledge that could be used for support, were used 

to further clarify the complex relation between verbal short-term memory, existing 

language knowledge, and vocabulary development. The ability to recall completely 

novel verbal material, for which children could not rely on long-term knowledge, was 

not influenced by their experienced language input. However, the ability to recall 

verbal material for which phonotactic knowledge could be used as support and 

the ability to recall verbal material for which both phonotactic and lexical-semantic 

knowledge could be used as support, were both related to language input. LGM 

showed that each of these measures of verbal short-term memory were equally 

important predictors of vocabulary acquisition. 

Individual differences in the ability to represent completely new phonological 

information, that is pure verbal short-term memory, thus predicted vocabulary 
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development to some extent; a child with greater basic capacities to store information 

will need fewer exposures to learn a new word. This ability is not influenced by 

the linguistic environment of a child, and might indeed be highly heritable. When a 

child has been exposed to a language to some extent, knowledge of that language 

gradually develops and different types of language knowledge in turn subsequently 

aid recall of newly encountered words and consolidation in long-term memory. 

By this time verbal short-term memory has come to include more than just the 

representation of novel phonological information, rather, it includes phonotactic, 

and lexical-semantic knowledge and closely resembles the language network. 

Verbal short-term memory in this broader definition is thus influenced considerably 

by growing language knowledge and is highly dependent on language input. In 

other words, mutually reinforcing processes are taking place. For children who 

receive less linguistic input in a particular language, this implies that an important 

interface between language input and what is learned from the input is less efficient, 

constituting a cumulative risk. This was the case for the Turkish-Dutch children in 

the present study. As expected due to the bilingual situation, the Turkish-Dutch 

children received less Dutch input in their home environments and started out with 

lower vocabulary levels when entering primary school. Even though the children 

were exposed to relatively rich second-language environments at school, their Dutch 

vocabulary level did not catch-up with their Dutch peers; their rate of development 

was even somewhat slower. Compared to their Dutch peers, Turkish-Dutch children 

did not differ in their ability to store completely novel phonological information, but 

they did differ on the other two measures of verbal short-term memory that relied on 

phonotactic and lexical-semantic knowledge, and thus linguistic input.    
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Implications for Turkish-Dutch Children

Just before the start of the study reported in this thesis, an article appeared in 

a prominent Dutch newspaper summarizing the main findings of Professor Dolph 

Kohnstamm, a Dutch developmental psychologist with considerable experience in 

studying the disadvantages of Turkish immigrant children in The Netherlands. All of 

the early prevention programs that he had implemented during his career revealed 

only modest and short-lasting effects. Based on these results, he concluded that any 

study that did find positive effects must have either cheated with their data, or must 

have been driven too much by ideology. Instead, he suggested that it is a distinct 

possibility that Turkish immigrant children in The Netherlands on average have lower 

intellectual capacities than their Dutch peers (Interview with Dolph Kohnstamm, 

2004). Based on the findings from the current study, we can certainly refute this 

proposition. 

 Our study showed that the Turkish-Dutch children’s intellectual capacities 

as measured with a nonverbal fluid intelligence test did not differ from their Dutch 

peers. Moreover, the children did not differ on measures of visuospatial short-term 

memory. And, when compared on measures of verbal short-term memory that did 

not rely on acquired linguistic knowledge, the children performed equally well. The 

Turkish-Dutch children thus do not have lower intellectual capacities than their Dutch 

peers, even though they come from lower socioeconomic backgrounds.             

         The results revealed that because of a disadvantage at the very basic level 

of phonotactic knowledge acquisition, the Turkish-dominant bilingual children had 

more difficulties with sustaining new aspects of the Dutch language in their memory 

for short periods of time and, as a result, were hampered in their construction of 

long-term representations. Phonotactic knowledge support in verbal short-term recall 

was found to be an important predictor of vocabulary in young bilingual children 
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in their native language as well as their second language when they just entered 

the kindergarten department of primary school. During two years of exposure to 

a rich second-language environment in school, the children’s knowledge of Dutch 

phonotactics became increasingly entrenched, but their disadvantage compared to 

Dutch peers was not reduced because the Dutch children developed their knowledge 

at a similar pace. Additionally, the bilingual children’s Dutch lexical-semantic 

knowledge was also low compared to that of Dutch children. Both these factors were 

important predictors of vocabulary development and both were highly dependent on 

linguistic input.

Intervention

From our results, it can be concluded that reduced Dutch linguistic input is the 

major factor explaining Turkish-Dutch children’s lower Dutch vocabulary levels. 

Increasing early exposure to the Dutch language would thus reduce the children’s 

disadvantages in our Dutch schooling system. Because the native language of the 

children, Turkish, is equally important for communicative purposes in the children’s 

homes, and recent studies in our lab have shown that Turkish vocabulary is at a 

greater risk and develops slower during the kindergarten period when the children 

are exposed to Dutch at school, we certainly do not want to conclude from our 

studies that parents should switch to Dutch in their home environments. Moreover, 

these studies have shown that there is positive transfer from the native to the second 

language (Scheele, Leseman & Mayo, 2010; Scheele, Leseman, Mayo, Elbers & 

Messer, 2010). Encouraging parents to use more Dutch in their homes for daily 

communication thus does not seem advisable.

As part of state policy, children from disadvantaged backgrounds in The 

Netherlands are currently encouraged to enroll in preschools at an early age and 
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to participate in special educational programs that are implemented within most 

preschools and kindergartens. The effects of these programs, however, are still 

modest (Blok, Fukkink, Gebhardt & Leseman, 2005; Leseman & Van Tuijl, 2001; Van 

Tuijl & Leseman, 2004; Van Tuijl, Leseman & Rispens, 2001). When taking a closer 

look at the programs, it becomes apparent that the interventions almost exclusively 

emphasise the development of pragmatic-communicative skills, early literacy skills, 

and basic vocabulary skills, and that when teaching vocabulary the focus is primarily 

to stimulate learning of the meaning of words. Although our study showed that lexical-

semantic knowledge indeed is important for vocabulary development, our results 

also highlight the importance of phonotactic knowledge and pure verbal short-term 

memory. Only one of the intervention programs partly targets these aspects, but only 

in a small amount of optional extra exercises (Piramide; Taalplezier). 

Based on our studies, we would advise to increase the following components 

and to investigate their effectiveness through intervention studies. First, although the 

Turkish-Dutch children as a group did not lag behind in pure verbal short-term memory 

compared to the Dutch group, individual differences in this cognitive skill did explain 

part of the children’s vocabulary levels. Because the children received less linguistic 

input in Dutch, it might be effective to increase their capacity to learn from input 

and thus their vocabulary learning aptitude. There is growing evidence that working 

memory, including verbal short-term memory components, can be improved with 

computerized working memory training, at least in children with low working memory 

skills, children with ADHD and children with mild intellectual disabilities (Holmes, 

Gathercole & Dunning, 2009; Klingberg et al., 2005; Van der Molen, Van Luit, Van 

der Molen, Klugkist & Jongmans, 2009). Moreover, the preschool program ‘Tools of 

the Mind’, which includes daily exercises for executive functions, has been shown 

to improve cognitive control in 4- to 5-year-old children from lower socioeconomic 
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backgrounds (Diamond, Barnett, Thomas & Munro, 2007). Because executive 

functions might also be involved in simple verbal short-term memory (storage-only) 

tasks (Rypma, Prabhakaran, Desmond, Glover & Gabrieli, 1999), it would be very 

interesting for future studies to investigate whether verbal short-term memory can 

also be improved with training programs in populations without working memory 

deficits and whether this subsequently improves vocabulary learning. Second, 

although the Turkish-Dutch children’s pure verbal short-term memory did not lag 

behind, their verbal short-term memory as it is usually defined, including long-term 

knowledge, was lower. Thus, in a practical sense, the children can be compared 

to children with deficits in the verbal short-term memory component of working 

memory. In a classroom, common characteristics of children with verbal short-term 

memory impairment include a failure to remember instructions and the tendency to 

not fully engage in classroom conversations; teachers tend to describe the children 

as inattentive and forgetting. Being aware of their memory strengths and limitations 

might enable the children and their classroom teachers to use certain compensatory 

strategies. Children have been shown to spontaneously start using the rehearsal 

strategy from about 7 years onwards (Baddeley, Gathercole & Papagno, 1998), 

but could be encouraged to use the strategy at an earlier age. Teachers could be 

encouraged to use shorter instructions, to break down their instructions into several 

shorter sentences, and to repeat instructions more often. Because the children’s 

strengths lie in the visuospatial domain, verbal information could be accompanied 

by actions and visual aids. Furthermore, a teacher could activate the child’s long-

term knowledge of a topic in order to enhance lexical-semantic support (Alloway, 

Gathercole, Kirkwood & Elliott, 2009; Gathercole & Alloway, 2008). Third, phonotactic 

knowledge is learned implicitly from input and develops from a very young age 

(Chambers, Onishi & Fisher, 2003; Dell, Reed, Adams & Meyer, 2000; Jusczyk, 
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Luce, & Charles-Luce, 1994; Onishi, Chambers & Fisher, 2002). In the current study, 

we found indications of positive transfer between both languages, in the sense that 

knowledge of Turkish phonotactics facilitated recall of Dutch words when there was 

phonotactic overlap between both languages. Increasing exposure to Dutch from a 

young age onwards, over and above Turkish exposure, thus seems beneficial for 

the development of phonotactic knowledge in both languages. Studies with artificial 

language learning paradigms have shown that already after very short exposure to an 

artificial speech stream, the phonotactics of this new language are implicitly learned, 

even in adults who had strongly developed their native language (Chambers et al., 

2003; Dell et al., 2000; Onishi et al., 2002). It would be very interesting to implement 

these paradigms within intervention programs and investigate their effectiveness. 

In the form a fun computer game, the children might for example be exposed to 

a Dutch speech stream and asked to identify individual words for which they are 

rewarded with credits. These kinds of games can additionally be practiced in the 

children’s homes. To improve intervention methods targeted at the development of 

phonotactic knowledge, it would be interesting to study the phonotactics of Dutch 

and Turkish in more detail, to identify specific phoneme clusters that overlap between 

both languages or are language-specific. Recent studies have shown that especially 

phoneme clusters that are not present in the native language are difficult to learn, but 

do show developmental improvement in more advanced second-language learners 

(Sebastian-Galles & Bosch, 2002; Trapman & Kager, 2009). Intervention methods 

might specifically target those clusters and train them with artificial speech streams.         

Screening for Language Problems

Nonword repetition or recall tasks are widely used as screening methods to 

identify children with language disorders and to distinguish these problems from 
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language difficulties that are associated with bilingualism or second-language 

learning, as nonwords are supposed to be free from linguistic knowledge and 

thus from the input a child has received (e.g. Campbell, Dollaghan, Needleman 

& Janosky, 1997; Engel, Santos & Gathercole, 2008; Girbau & Schwarz, 2008). 

The results of the current study show that caution is warranted. To the best of our 

knowledge, the nonwords used are often not controlled for phonotactic probability 

and thus also depend on environmental input. Based on our findings it is advisable 

to develop screening instruments with nonwords with low phonotactic probability. In 

general, our study shows that care should be taken when testing bilingual children 

and judging their intellectual capacities, because even in very basic cognitive tasks 

language abilities influence their performance.

Limitations and Recommendations

In order to have highly comparable measurement instruments for both languages 

we developed our own corpora from cross-translated novels. Although Dutch is 

a transparent language (De Jong & Van der Leij, 1999), and Turkish is considered 

perfectly transparent (Durgunoğlu, 2006), and even though panel checks confirmed 

that the bigram frequency measures of word-likeness were perceived similarly by native 

speakers, the method did have its limitations. Instead of orthographic information, 

ideally, spoken language corpora with phonological representations should have been 

used to construct the nonwords. As a result, further improvement of the instrument 

could make it possible to distinguish even more precisely between recall for nonwords 

with high phonotactic probability and low phonotactic probability.

In the current study, we only focused on two types of linguistic knowledge that 

might aid verbal short-term memory: phonotactic knowledge and lexical-semantic 

knowledge. We deliberately chose monosyllabic nonwords as stimuli, to reduce the 
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impact of other kinds of linguistic knowledge. In most studies investigating the relation 

between nonword repetition or recall performance and vocabulary development, 

nonwords with multiple syllables were used. These nonwords thus included not only 

additional phonotactic knowledge, but also more prosodic information about stress 

patterns. In future studies, the impact of these prosodic cues on verbal short-term 

memory and subsequent vocabulary development should also be investigated.  

 Because of time restrictions, we could not analyze all the data that were 

collected in the present longitudinal study yet. Hopefully, these data will be used in 

the future. First, besides vocabulary tests, we also administered standardized grammar 

tests in Dutch and authentic story comprehension and production tasks in both Dutch 

and Turkish. Earlier studies showed that the phonological loop is related not only to 

vocabulary skills, but also to other aspects of language development in the native 

language (Adams & Gathercole, 2000) and in a second language (O’Brien, Segalowitz, 

Collentine & Fredd, 2006). It would therefore be interesting to study the role of verbal 

short-term memory and of phonotactic knowledge support in particular, in other domains 

of language acquisition such as syntactic skills. Second, it would be interesting to analyze 

the development of the Turkish nonwords with low and high phonotactic probability and 

to compare this development with the Dutch nonwords. This would show whether or not 

more exposure to Dutch at school does impede the development of Turkish phonotactic 

knowledge in the Turkish-Dutch children. Third, the present study showed that the two 

different cultural and language groups did not differ in visuospatial short-term memory, 

but that they did differ in verbal short-term memory when measured with the usual 

stimuli. Besides measures of verbal and visuospatial short-term memory, we also tested 

the children’s verbal and visuospatial working memory. Analyzing the total set of working 

memory measures and the development on those measures, might shed further light on 

cross-cultural differences in working memory capacity. 
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Samenvatting

(Summary in Dutch)

Steeds meer kinderen worden twee- of meertalig opgevoed. Hoewel onderzoek 

laat zien dat tweetalige kinderen onder gunstige omstandigheden vloeiend twee 

talen kunnen leren spreken, zijn er ook groepen kinderen die moeite hebben met 

de voertaal op school. In Nederland blijken Turkse migrantenkinderen van alle 

kinderen uit de grote migrantengroepen de grootste moeite te hebben met de 

Nederlandse taal op school; zij kampen met een forse taalachterstand in vergelijking 

tot Nederlandse klasgenootjes wanneer zij beginnen in de kleuterklas. Het is een 

maatschappelijke noodzaak om verschillende factoren die van invloed zijn op 

woordenschatontwikkeling vanaf jonge leeftijd, wanneer de kinderen beginnen 

met het leren van de tweede taal, te ontrafelen omdat woordenschat een zeer 

belangrijke voorspeller is van de algehele schoolprestaties van kinderen. De meeste 

Turkse kinderen in Nederland hebben Turks als thuistaal en worden voor het eerst 

ondergedompeld in het Nederlands wanneer ze beginnen aan de kleuterklas. De 

moeilijkheden van Turkse kinderen bij het leren van hun tweede taal zijn dus deels 

sociale problemen. Om beter toegespitste interventie programma’s te kunnen 

ontwikkelen is het van belang deze sociale factoren van individuele kindfactoren te 

onderscheiden. 

Het verbaal korte-termijngeheugen, blijkt uit studies met ééntalige kinderen, 

is een belangrijke individuele kindfactor die woordenschatontwikkeling voorspelt. 

Er is toenemend bewijs dat dit ook voor tweetalige kinderen geldt. Volgens het 

werkgeheugenmodel van Baddeley en Hitch (1974), bestaat het verbaal korte-

termijngeheugen, dat in dit model de fonologische lus wordt genoemd, uit twee 

componenten: een opslagcomponent waar binnenkomende talige informatie tijdelijk 
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wordt opgeslagen in fonologische vorm, en een systeem dat deze informatie 

herhaalt zodat het niet wegzakt. De heersende visie was dat dit vermogen erfelijk 

bepaald is en niet beïnvloed wordt door omgevingsfactoren. De rol van het verbaal 

korte-termijngeheugen in woordenschatontwikkeling staat echter ter discussie, 

omdat het verbaal korte-termijngeheugen zelf ook beïnvloed blijkt te worden door 

eerder opgedane taalkennis, en taalaanbod dus uiteindelijk toch een belangrijke 

onderliggende verklarende factor zou kunnen zijn. De complexe relatie tussen het 

verbaal korte-termijngeheugen en de woordenschatontwikkeling, en de invloed van 

de thuistaalomgeving op beiden, is het onderwerp van dit proefschrift. Door al deze 

factoren tezamen te onderzoeken in één longitudinale studie met kinderen met twee 

taalachtergronden, wordt getracht een beter begrip te krijgen van de individuele 

bijdrage van ieder van de factoren. 

Aan de studie deden 67 Turkse kleuters die Nederlands als hun tweede taal 

leerden, en 72 Nederlands sprekende kleuters mee. De kinderen en hun primaire 

opvoeders, in de meeste gevallen de moeders, werden gevolgd vanaf het moment 

dat ze begonnen aan de kleuterklas, en getest op drie meetmomenten toen de 

kinderen gemiddeld 4, 5 en 6 jaar oud waren. De kinderen werden geworven 

via basisscholen met een gemiddeld tot hoog percentage kinderen van etnische 

minderheden, maar met Nederlands als voertaal, zoals gebruikelijk is in het 

Nederlandse basisonderwijs. In totaal werkten 36 basisscholen uit Rotterdam mee. 

Daar we geïnteresseerd waren in migrantenkinderen die worden opgevoed in de 

taal van hun gemeenschap, kregen de ouders een korte screeningsvragenlijst om 

alleen die kinderen te selecteren waarmee de taalinteracties thuis (tijdens het eten, 

spelen, lezen en dagelijkse routines) voor ten minste 75% in het Turks of 75% in het 

Nederlands waren, voor de Turkse respectievelijk Nederlandse groep. 

In Hoofdstuk 2 wordt allereerst een overzicht gegeven van empirische studies 
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die de rol van het verbaal korte-termijngeheugen in woordenschatontwikkeling 

hebben onderzocht bij tweetaligen, om de vraag te beantwoorden of het verbaal 

korte-termijngeheugen een cruciaal interface vormt tussen taalaanbod en 

woordenschatontwikkeling bij jonge tweetalige kinderen. Uit dit literatuuroverzicht 

blijkt dat de discussie of het verbaal korte-termijngeheugen een cruciaal interface 

is, uitmondt in een complexe cirkelredenering die zeer afhankelijk is van de exacte 

definitie die voor het verbaal korte-termijngeheugen gehanteerd wordt. Wanneer 

het verbaal korte-termijngeheugen wordt gedefinieerd als het vermogen om 

verschillende soorten verbale lange-termijn kennis actief te representeren, samen 

met een domein algemeen sequentieel leermechanisme, lijkt het een zeer bruikbaar 

concept als voorspeller van woordenschatontwikkeling bij zowel één- als tweetalige 

kinderen. Deze definitie geeft namelijk ook ruimte voor de invloed van eerder 

opgedane kennis, en dus de talige input die een kind eerder heeft ontvangen. Uit het 

overzicht blijkt dat onderzoeken tot op heden geen ‘pure’ maten hebben gebruikt 

voor het verbaal korte-termijngeheugen, maar maten die vertroebeld werden door 

een specifieke soort lange-termijn kennis: kennis van de statistische verdeling van 

foneemcombinaties in een taal, zogenaamde fonotactische kennis. Wat de studies 

dus eigenlijk hebben laten zien is dat beiden in combinatie belangrijke voorspellers 

zijn van woordenschatontwikkeling bij één- en tweetalige kinderen. Voor jonge 

tweetalige kinderen, die eerst een eerste taal hebben verworven alvorens de tweede 

te verwerven, is het onderscheid tussen deze beide factoren cruciaal. Onderzoek 

met tweetalige volwassenen heeft namelijk laten zien dat lange-termijn fonotactische 

kennis minder beschikbaar is in een tweede taal. Dat zou kunnen betekenen dat er 

sprake is van een dubbel risico: niet alleen wordt de tweede taal minder beheerst als 

gevolg van minder aanbod in de tweede taal, maar ook het systeem om de tweede 

taal uit aanbod te leren heeft minder capaciteit waardoor het leren minder efficiënt 
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verloopt. 

Het literatuuroverzicht riep een aantal belangrijke vragen op, die in de empirische 

hoofdstukken 3, 4 en 5 van dit proefschrift werden onderzocht. De eerste vraag was 

of fonotactische kennis ook bij jonge kinderen het verbaal korte-termijngeheugen 

beïnvloedt, omdat dit effect tot nu toe alleen bij volwassenen aangetoond is. Een 

tweede vraag was of er een verschil is tussen één- en tweetalige kinderen in de 

mate van steun door fonotactische kennis in het verbaal korte-termijngeheugen. Een 

derde vraag was wat de relatieve impact is van fonotactische kennis, vergeleken met 

meer pure maten van het verbaal korte-termijngeheugen, op het leren van woorden, 

bij zowel één- als tweetalige kinderen. Een vierde vraag was of de ontwikkeling van 

het verbaal korte-termijngeheugen volledig bepaald wordt door groeiende lange-

termijn kennis, of dat er mogelijk ook sprake is van groei in de basale capaciteit 

van het verbaal korte-termijngeheugen zelf. Ten slotte bleek dat in geen van de 

studies die tot op heden de relatie tussen het verbaal korte-termijngeheugen en 

woordenschatontwikkeling onderzocht hebben de taalomgeving werd gemeten, en 

dat een belangrijke resterende vraag dus de invloed van de taalomgeving op het 

verbaal korte-termijngeheugen betreft.

 In Hoofdstuk 3 werd op basis van de data uit de eerste onderzoeksronde, 

toen de kinderen gemiddeld 4 jaar waren, onderzocht in hoeverre lange-termijn 

fonotactische kennis de capaciteit van het verbaal korte-termijngeheugen 

beïnvloedde, en hiermee mogelijk het leren van woorden in een eerste en tweede 

taal beïnvloedde. Beter geheugen voor nonwoorden (betekenisloze klankreeksen 

die in meer of mindere mate op echte woorden lijken) met een hoge fonotactische 

waarschijnlijkheid (het zouden heel goed woorden uit het Nederlands dan wel 

het Turks kunnen zijn) vergeleken met nonwoorden met een lage fonotactische 

waarschijnlijkheid (nonwoorden die on-Nederlands respectievelijk on-Turks klinken) 
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liet zien dat fonotactische kennis inderdaad het verbaal korte-termijngeheugen 

ondersteunde, in beide talen. De mate van steun was afhankelijk van eerdere 

ervaring met de taal: De Turks-Nederlandse kinderen lieten een groter fonotactisch 

waarschijnlijkheidseffect zien in hun moedertaal Turks vergeleken met hun 

Nederlandse klasgenootjes, en de Nederlandse kinderen presteerden beter 

dan de Turks-Nederlandse kinderen in hun moedertaal Nederlands. Er werd ook 

een verrassend effect gevonden: De Nederlandse kinderen vertoonden ook een 

fonotactisch waarschijnlijkheidseffect in het Turks, terwijl ze geen noemenswaardige 

ervaring hadden met deze taal. Uit verdere analyses van de frequentielijsten van 

Turkse en Nederlandse foneemclusters bleek dat er een positieve correlatie is tussen 

beide talen. Hoewel eerder onderzoek liet zien dat dominantie in een bepaalde taal 

het leren van foneemclusters die specifiek zijn voor een tweede taal belemmert, bleek 

uit onze resultaten dus dat het zeer waarschijnlijk is dat kennis van foneemclusters 

die in beide talen voorkomen vanuit de ene taal kan worden overgedragen naar 

de tweede taal en dus ook het verbaal korte-termijngeheugen in een tweede taal 

ondersteunt. Regressieanalyses lieten zien dat fonotactische kennis, gemeten als 

het verschil in geheugen voor nonwoorden met hoge versus lage fonotactische 

waarschijnlijkheid, een belangrijke voorspeller was van woordenschat in beide talen. 

De Turks-Nederlandse kinderen hadden enige steun van fonotactische kennis in 

het Nederlands, maar zij presteerden veel lager dan de Nederlandse groep. Aangezien 

de twee groepen niet verschilden in nonverbale intelligentie, visuospatieel korte-

termijngeheugen, en verbaal korte-termijngeheugen voor zeer geautomatiseerde 

kennis van getallen, is het niet waarschijnlijk dat deze groepsverschillen toe te wijzen 

zijn aan een verschil in globale cognitieve vermogens. De resultaten suggereren dat 

de Turks-Nederlandse kinderen door een nadeel op het niveau van fonotactische 

kennis meer moeite hebben om nieuwe woorden in hun tweede taal kort te onthouden 
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en er vervolgens lange-termijn representaties van te construeren.    

In Hoofdstuk 4 werd de ontwikkeling van het verbaal korte-termijngeheugen en 

fonotactische kennis van het Nederlands, in twee groepen kinderen van 4 tot 6 jaar, 

over drie meetrondes gemodelleerd met latente groeimodellen. Het geheugen voor 

nonwoorden waarbij niet gesteund kon worden op lange-termijn kennis verschilde 

tussen kinderen, maar niet tussen de Turks-Nederlandse en Nederlandse groepen. 

Verder bleek dat de capaciteit van deze vorm van geheugen over de gehele 

kleuterperiode niet toenam. Het geheugen voor nonwoorden waarbij wel op lange-

termijn kennis kon worden gesteund verschilde wel tussen beide groepen kinderen 
en nam sterk toe over de jaren. De ontwikkeling van de capaciteit van het verbaal 

korte-termijn geheugen kan dus volledig verklaard worden door groeiende lange-

termijn kennis die het verbaal korte-termijngeheugen ondersteunt. Alle andere 

mechanismen van groei die in eerder onderzoek werden gesuggereerd, zoals een 

groei in basale, input-onafhankelijke capaciteit of in de snelheid van articuleren, 

spelen dus geen substantiële rol, tenminste niet in deze leeftijdsfase. De sterke 

ontwikkeling van de geheugencapaciteit voor nonwoorden met hoge fonotactische 

waarschijnlijkheid afgezet tegen de gelijkblijvende capaciteit voor nonwoorden met 

lage fonotactische waarschijnlijkheid suggereert dat fonotactische kennis in beide 

groepen meer verankerd is geraakt gedurende de kleuterperiode. De snelheid 

waarmee deze kennis zich ontwikkelde gedurende ons onderzoek verschilde niet 

tussen de groepen. De achterstand van de Turks-Nederlandse kinderen op dit basale 

niveau van fonotactische kennis werd niet ingelopen, ook al werden de kinderen 

blootgesteld aan een rijkere tweedetaal omgeving op school. 

In Hoofdstuk 5 werd de woordenschatontwikkeling tussen 4 en 6 jaar van twee 

groepen kinderen geanalyseerd met latente groeimodellen, en gerelateerd aan drie 
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maten van het verbaal korte-termijngeheugen die onderling duidelijk verschillen in 

de mate waarin lange-termijn taalkennis kan worden gebruikt ter vergroting van 

de capaciteit. Gedetailleerde maten van het taalaanbod in het Nederlands in de 

thuisomgeving van de kinderen, gemeten met persoonlijke interviews met de primaire 

opvoeders, werden vervolgens gerelateerd aan deze drie systemen van verbaal 

korte-termijngeheugen. Het geheugen voor nonwoorden waarbij niet gesteund kon 

worden op enige vorm van lange-termijn kennis werd niet beïnvloed door taalaanbod. 

Het geheugen voor nonwoorden waarbij op fonotactische kennis kon worden 

gesteund, en het geheugen voor nonwoorden waarbij zowel op fonotactische als op 

lexicaal-semantische kennis kon worden gesteund, werden beiden wel beïnvloed 

door taalaanbod. Deze drie geheugenmaten waren echter ieder afzonderlijk even 

belangrijke voorspellers van de woordenschatontwikkeling. Individuele verschillen 

in het vermogen om compleet nieuwe fonologische informatie te representeren, het 

‘pure’ verbaal korte-termijngeheugen dus, voorspellen woordenschatontwikkeling 

tot op bepaalde hoogte; een kind met grotere capaciteit om informatie op te slaan 

zal minder blootstelling aan een nieuw woord nodig hebben om het woord te 

leren. Dit vermogen wordt niet beïnvloed door de taalomgeving van het kind, en 

zou inderdaad erfelijk bepaald kunnen zijn. Wanneer een kind wordt blootgesteld 

aan een taal en de kennis van deze taal zich geleidelijk aan ontwikkelt, zullen de 

verschillende soorten taalkennis op hun beurt het onthouden van nieuwe woorden 

meer en meer ondersteunen, zodat lange-termijn representaties gevormd kunnen 

worden. Na verloop van tijd omvat het verbaal korte-termijn geheugen meer dan 

alleen de representatie van compleet nieuwe fonologische informatie, maar kan 

het ook gebruik maken van fonotactische en lexicaal-semantische kennis om de 

representatiecapaciteit te vergroten. Het verbaal korte-termijngeheugen in deze 
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bredere definitie wordt sterk beïnvloed door taalaanbod. Er is, met andere woorden, 

sprake van elkaar wederzijds versterkende processen. Voor kinderen die minder 

taalinput krijgen in een bepaalde taal betekent dit dat het interface tussen taalaanbod 

en wat vanuit het aanbod geleerd wordt minder efficiënt is, wat een bijkomend nadeel 

vormt. Dit lijkt het geval te zijn geweest bij de Turks-Nederlandse kinderen.

In Hoofdstuk 6 worden de samenvatting, implicaties voor Turks-Nederlandse 

kinderen en aanbevelingen voor interventies en vervolgonderzoek gepresenteerd. 

Turks-Nederlandse kinderen hebben waarschijnlijk vanwege verminderde 

Nederlandse input moeite met het leren van woorden in hun tweede taal, want 

wat betreft globale cognitieve vermogens zijn ze gelijk aan hun Nederlandse 

klasgenootjes. Hoewel verminderd Nederlandse taalaanbod de grootste verklarende 

factor is voor de achterstand in Nederlandse woordenschat, wordt benadrukt dat 

op basis hiervan niet geconcludeerd moet worden dat Turkse ouders thuis op het 

Nederlands over moeten stappen. Wel kunnen de bevindingen gebruikt worden om 

voor- en vroegschoolse educatie programma’s te verbeteren. In deze programma’s 

kan extra aandacht besteed worden aan het trainen van het pure verbaal korte-

termijngeheugen, bijvoorbeeld door middel van werkgeheugentrainingen, en het 

trainen van fonotactische kennis van het Nederlands, bijvoorbeeld met gebruik van 

kunstmatige spraakstromen maar vooral ook door veel taalaanbod in het Nederlands. 

Verder kunnen leerkrachten meer bewust gemaakt worden van de moeilijkheden 

die de kinderen hebben met het verbaal korte-termijngeheugen, en leren hier met 

instructies en geheugensteuntjes op in te spelen. Bij het screenen op taalstoornissen 

is het wenselijk nonwoorden met lage fonotactische waarschijnlijkheid te gebruiken, 

zodat de factor taalinput zoveel mogelijk wordt uitgesloten.
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dank-, of het uitdenken van complexe veldwerk coördinatie wanneer er plots assistentie 

uitviel), maar bleef ook daarna vanuit Engeland zeer betrokken, zelfs toen je net bevallen 

was. Bedankt voor je onvoorwaardelijke steun de afgelopen jaren. Beste Jan, wat was 

het fijn dat je ons team aan het einde van het project kwam versterken. Ik moest in eerste 

instantie wennen aan je filosofische beschouwingen (“Wat is nu een nonwoord? Alles 

is toch een nonwoord? Een koe is ook een nonwoord.”), maar je kritische opmerkingen 

hielpen me om conceptueel scherper te worden, en je hulp met die lastige groeimodellen 

was onmisbaar. Veel dank ook voor jouw grote rol bij de totstandkoming van dit proefschrift. 

En dan Anna. Lieve Anna, van kamergenoot en mede-aio tot zeer dierbare vriendin met 

wie ik de afgelopen jaren alle academische aangelegenheden, en lief en leed (kitsch!) 

kon delen. Wat een avonturen hebben we samen meegemaakt! Ik zou niet weten waar te 

beginnen met de opsomming (oké, de Naakte Adonissen mogen niet ontbreken), en ik (en 
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Momo) denk het echt hoor: we zijn nu verlicht. Ik vind het ontzettend leuk dat we ons nu 

weer samen in een nieuw avontuur storten in de klinische wereld. Yes we can!  

Zonder de trouwe deelname van alle kinderen, hun opvoeders, en de vele basisscholen in 

Rotterdam was dit onderzoek nooit mogelijk geweest. Bedankt dat jullie zo bereid waren 

om al die jaren mee te werken, de deuren van jullie scholen gastvrij te openen, en ons 

een kijkje in jullie levens te geven. Het is mijn grote hoop dat de resultaten uiteindelijk 

in interventie programma’s geïmplementeerd kunnen worden om zo het onderwijs nog 

sterker te maken. 

De omvangrijke dataverzameling was niet mogelijk geweest zonder de medewerking 

van zeer waardevolle onderzoeksassistentes en scriptiestudentes: Melek, Semra, Sema, 

Petra, Cemanur, Sümeyra (Yazir), Zulfiye, Gioanna, Nimet, Pinar, Françoise, Gerdientje, 

Dorieke, Jenneke, Esra, Kevser, Kaat, Esma, Naomi, Noortje, Sümeyra (Evsen), Funda, 

Cagla, Desiree, Iris en Fatma bedankt voor jullie grote inzet! Lieve Pienie, dank ook voor 

jouw fulltime hulp aan het begin van de studie! Beste Jennifer, bedankt dat je de laatste 

twee meetmomenten mijn altijd klaarstaande (en rondrennende) rechterhand was, voor 

coördinatie maar ook rottige taken als het branden van dvd’s. 

 Mijn overige collega’s van de Universiteit Utrecht wil ik in het algemeen bedanken 

voor hun belangstelling in mijn project, gezellige lunchpauzes, koffiepraatjes op de gang, 

en gezamenlijke congresbezoeken, en in het bijzonder voor het uitlenen van een pientere 

researchmaster studente in tijden van zeer krappe deadlines (Evelyne), helpen bouwen 

van nonwoorden als pientere research master studente -en later ook gezellige mede aio- in 

tijden van zeer krappe deadlines (Sanne), tests invoegen in Minds (Nico Brand), gezellig 

kamergenootje zijn (Linda), samen hardlopen (Annika), coaching (Mirjam, Jennie), hulp 

bij financiële zaken rondom het veldwerk (Ruth), onmisbare redders in nood zijn in tijden 

van computerstress (Erica en Jos). Muriel, jou wil ik in het bijzonder bedanken voor je vele 

adviezen, je luisterend oor, het mij laten verkennen van alle hoeken van de squashbaan, 
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Dankwoord

en bovenal de gezellige tijd de afgelopen jaren. 

Dear Tracy, thank you for your help in translating the AWMA, for your comments on my 

manuscripts, and for your hospitality during our visit at Stirling University. Your enthusiasm 

for science, and especially for the implementation of science into practice, has been 

contagious. 

Alle leden van de beoordelingscommissie wil ik bedanken voor de tijd die ze genomen 

hebben om mijn proefschrift te lezen en de verdediging bij te wonen: prof. dr. Anna Bosman, 

prof. dr. Ed Elbers, dr. Peter de Jong, prof. dr. René Kager, en prof. dr. Maurits van der 

Molen.              

 Ten slotte zijn er ook buiten ‘academia’ veel mensen die me enorm hebben 

geholpen de afgelopen jaren. Lieve vrienden, het spijt me dat ik jullie heb verwaarloosd, 

vanaf nu ben ik weer altijd in voor leuke dingen! Bedankt dat jullie er voor me waren. Lieve 

‘schoonfamilie’, fijn om jullie ook in mijn leventje te hebben - lieve Rita, ontzettend veel 

dank voor het ontwerpen van de mooie voorkant en lay-out van dit proefschrift. Lieve papa 

en mama, wat fijn dat ik altijd voor wijze raad en al wat meer bij jullie terecht kon en kan, 

en dat jullie me altijd steunen om dat te doen waar je goed in bent, maar vooral waar je 

hart ligt. Lieve Hugo, als grote broer ben je er altijd voor me, samen met Marjon, en dat 

is zo fijn! Nick & Joep, lieve kaboutertjes, wat was het een plezier (en welkome afleiding 

tijdens het schrijven) om jullie in India via skype steeds groter te zien worden. Lieve Floris, 

samen promoveren, als je dat overleeft kun je samen alles aan! Jij was de afgelopen jaren 

mijn rustpunt (mijn flowmoment?), mijn luisterend oor (blablablablaaa), ik kon tegen je 

schoppen en toch bleef je altijd dicht bij me staan. In Nijmegen bij jou voel ik me thuis.
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aan de Universiteit Maastricht en in 2003 afstudeerde in twee specialisaties (masters): 

biologische ontwikkelingspsychologie, en cognitieve onderwijspsychologie. Tijdens haar 

studie liep zij gedurende 6 maanden keuzevakken aan de Universiteit van Stellenbosch, 

Zuid-Afrika, en direct na haar studie woonde ze 6 maanden in Mumbai, India, waar zij 

een ontwikkelingsstage liep op een school voor speciaal onderwijs. Bij terugkomst 

begon zij in december 2004 aan haar promotietraject bij het Langeveld Instituut aan de 

Universiteit Utrecht. Gedurende het promotietraject coördineerde zij een grootschalige 

dataverzameling, schreef zij haar dissertatie, gaf zij les in pedagogiek en psychologie, 

en was ze aio-vertegenwoordiger bij de onderzoeksschool ISED. Sinds september 2009 

werkt Marielle als psychologe bij Virenze, kinder- en jeugd psychiatrie, te Nijmegen.
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