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Chapter 1

 Becoming proficient in language and numeracy is one of the most important goals 
in primary education. During the past decades, it has become clear that preverbal infants 
have the ability to master numerical concepts independently of language. This has led 
some researchers to suggest that numerical development is independent of language 
development. There is no consensus about this hypothesis though. As a case in point, 
convergent evidence from neuroimaging studies suggest the recruitment of brain regions and 
structural networks during language and arithmetic to both rely on the same neurocognitive 
processes (Dehaene, Piazza, Pinel, & Cohen, 2003). However, most research in this area has 
been conducted with adult participants who have already acquired advanced linguistic and 
numerical abilities, and far less is known about the processes involved during acquisition in 
childhood (Kaufmann, 2008). To obtain further insight into the role of language in numerical 
development, it is important to study the development of numerical abilities in linguistically 
diverse populations. Furthermore, the role of the home environment also needs to be 
taken into account (Starkey, Klein, & Wakeley, 2004), but research on the role of home 
numeracy experiences in numerical abilities of young children is very limited. Therefore, the 
present dissertation aims to shed greater light on the role of linguistic diversity and home 
environment in early numerical development in the early primary grades in the Netherlands. 
 This introductory chapter starts out with a short review on the study of the role 
of linguistic diversity and home environment in early numerical development. After a 
description of the development of numerical abilities in normal language acquiring (NLA) 
children, the development of numerical abilities in two linguistically diverse populations 
will be discussed: Bilingual children who show a delay in their second language (L2) 
abilities, and children with Specific Language Impairment who show a language deficit. In 
addition, the importance of the home environment in early numerical development will be 
recognized. In a final section, the research questions of the present study will be presented 
along with an outline of this thesis.

Linguistic Diversity and Numerical Development

Numerical Development in Normal Language Achieving Children

 The concept of numerical abilities is reflected in the development of early numeracy 
skills in kindergarten and the acquisition of basic arithmetic skills in first and second grade. 
Early numeracy consists of a range of different skills, including logical operations, numeral 
representations, and numeral estimations (cf. Desoete & Grégoire, 2006; Passolunghi, 
Vercelloni, & Schadee, 2007) and can be seen as an important prerequisite for being 
successful in basic arithmetic skills. Basic arithmetic involves the addition and subtraction 
of numbers less than 10 (Cowan, Donlan, Newton, & Lloyd, 2005), and evidence from 
neurocognitive research suggests that a distinction can be made between canonical problem 
types (i.e., arithmetic problems with sums and minuends below 10), on the one hand, and 
advanced problems (i.e., arithmetic problems with sums and minuends above 10 and less 
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than 20 that contain carry-over operations), on the other hand (cf. Stanescu-Cosson et al., 
2000). The ability to successfully solve advanced problem types in grade two is preceded by 
having mastered canonical problem types in grade one (Van der Stap, 2009), and both skills 
appear to have a language-oriented basis (Dehaene et al., 2003).
 On a behavioural level, several linguistic skills are found to influence the acquisition 
of numerical abilities. These are in the domain of phonological, lexical, and syntactical 
abilities. With respect to phonological abilities, phonological awareness was found to 
uniquely predict numeral skills, as these are stored within a phonological format in long-
term memory (Hecht, Torgesen, Wagner, & Rashotte, 2001; Krajewski & Schneider, 2009; 
Simmons & Singleton, 2008). Problems in retrieving those formats, may cause an inability to 
manipulate verbal codes during counting and basic arithmetic (De Smedt, Taylor, Archibald, 
& Ansari, 2010). With respect to lexical skills, both naming speed and numerical abilities 
rely on fast and efficient retrieval of linguistically encoded representations (i.e., arithmetic 
fact retrieval; arithmetic conceptual knowledge; counting words) from long-term memory 
(Koponen, Mononen, Räsänen, & Ahonen, 2006). Finally, at the level of syntax, grammatical 
ability and numerical abilities are assumed to be essentially based on the same procedural 
and syntactical rules (e.g., Hauser, Chomsky, & Fitch, 2002) as both develop by recursion and 
involve sequential constructions, based on abstract hierarchical representations (Chomsky, 
1965; Jackendoff, 2002). 
 However, it is important to mention that the unique contribution of phonological 
awareness, naming speed, and grammatical ability to numerical abilities (i.e., early numeracy 
skills and basic arithmetic skills) is far from clear as cognitive factors such as general 
intelligence and working memory may at the same time also be related to the development 
of numerical abilities (De Smedt et al., 2009; Noël, 2009; Stock, Desoete, & Roeyers, 2009). 
Therefore, in the studies of the present thesis, when relating linguistic skills to numerical 
abilities, these cognitive factors are being controlled for.
 Given that linguistic skills have an impact on numerical abilities, it can be assumed 
that having difficulties in acquiring linguistic skills may have serious consequences for the 
development of numerical abilities in the early years of primary education. The paradigm 
of the impact of language on numerical abilities at a behavioural level can thus be further 
operationalized by comparing the numerical development of NLA children with those with 
language difficulties. Therefore the focus of the present dissertation was on two groups of 
children: Children with a delay in second language skills (i.e., second language learners) and 
children with a deficit in linguistic skills (i.e., learners with Specific Language Impairment). 

Numerical Development in Second Language Learners

 Second language learners of Turkish and Moroccan origin form the largest minority 
groups in the Netherlands (Central Bureau of Statistics, 2009). Children from Turkish and 
Moroccan families tend to live in native-language speaking homes; their early language 
input is thus restricted to Turkish and Moroccan Arabic; and the Dutch language only 
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gradually enters their lives via playmates and Dutch school (Scheele, Leseman, & Mayo, 
2010). Bilingual children often show both lower second language skills (cf. Genesee & Geva, 
2006) and lower early numeracy skills (cf. Mullis, Martin, Gonzalez, & Chrostowski, 2004), 
with, however, intact cognitive capacities (Verhoeven & Vermeer, 2006). It can therefore be 
expected that the lower second language (L2) skills of bilingual children will be an important 
source of variation in explaining why they lag behind on numeral skills, when compared to 
first language learners. However, it has not been examined yet to what extent the variation in 
numerical abilities in L2 learners can be explained by their L2 proficiency levels. Therefore, 
in the present dissertation the numerical abilities of L2 learners in kindergarten and grade 
two will be related to their L2 skills, with their cognitive capacities being controlled for, 
while following a cross-sectional design. 

Numerical Development in Children with Specific Language Impairment

 Specific Language Impairment (SLI) is characterized by deficiencies in language 
development which are not the direct result of intellectual or physical disabilities, hearing 
loss, or environmental influences (Bishop, 1992). Previous research mainly focused on the 
linguistic skills of children with SLI. However, besides having language problems, children 
with SLI also have problems in acquiring numerical abilities. With respect to early numeracy 
skills, it has been found that children with SLI tend to score below their peers with Normal 
Language Achievement (NLA) on logical operations and numeral representations, but score 
at age appropriate levels on numeral estimations (Arvedson, 2002; Donlan, Bishop, & Hitch, 
1998; Fazio, 1994, 1996). With respect to basic arithmetic skills, Donlan, Cowan, Newton, 
and Lloyd (2007) found that 8-year-old children with SLI score below their peers with NLA 
on both canonical problem types and advanced problem types. However, it is still unknown 
which child precursors contribute to these results, while further insight into the role of 
these precursors before the start of formal arithmetic education is crucial to prevent further 
delays (Kaufmann, 2008). Moreover, in children with SLI, the development of school-related 
abilities is mostly studied at older age levels, whereas the diagnosis of SLI is most commonly 
given already at age 5. At this age level, it has been found that the home environment plays 
an important role in facilitating school-related abilities (LeFevre et al., 2009), especially for 
children with learning deficits (Skibbe, Justice, Zucker, & McGinty, 2008). Therefore, another 
study of the present dissertation was a longitudinal study on the role of language and home 
environment in the development of numerical abilities in five-year-old children with SLI and 
their NLA peers. 

Home Environment and Numerical Development

 Although linguistic and cognitive child factors may relate to numerical abilities, the 
framework on the emergence of numerical abilities is in need of expansion, as the basis of 
individual differences in numerical skills is possibly also related to the home environment 
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(i.e., home numeracy experiences; LeFevre et al., 2009). This suggests that both in-child 
abilities and children’s home experiences form the foundation of numerical learning in 
school (Melhuish et al., 2008). Home numeracy experiences can be defined as a combination 
of unique yet interrelated aspects that enhance/stimulate numeracy learning of children. 
Parents may thus play a crucial role in the development of numerical abilities. 
 The two most important aspects of home numeracy experiences are parent-child 
numeracy activities and parents’ numeracy expectations. With respect to parent-child numeracy 
activities, several studies found the frequency of numeracy-related activities in the home to be 
positively related to the child’s numerical abilities (cf. Huntsinger, Jose, Larson, Balsink Krieg, 
& Shaligram, 2000; LeFevre, Clarke, & Stringer, 2002; LeFevre et al., 2009; Pan, Gauvain, Liu, & 
Cheng, 2006). With respect to the role of parents’ numeracy expectations on numerical abilities, 
the literature is much less developed: Only one comprehensive study in relating parents’ 
numeracy expectations to numeracy skills was conducted so far. LeFevre, Polyzoi, et al. (2010) 
showed that parents with higher numeracy expectations report engaging in more numeracy-
related practices, which may lead to better achievement on the part of the child. 
 Although it is clear that parents are capable to stimulate the numerical abilities of 
their children (LeFevre et al., 2009), little attention has been paid to the unique contribution 
of home numeracy experiences to numerical abilities, when taking cognitive and linguistic 
child abilities into account. It thus remains unclear whether these child factors drive the 
importance of numeracy experiences in the home (e.g., because the parent responds to the 
linguistically able child that has a high intelligence) or whether aspects of home numeracy 
experiences contribute uniquely to numerical abilities over and above the child factors. 

The Present Dissertation

 The aim of the present dissertation was to examine the impact of linguistic diversity 
on early numerical development in children with a delay in their second language abilities 
on the one hand and children with a language deficit on the other hand. Another aim was to 
examine the impact of the home environment (i.e., home numeracy experiences) on early 
numerical abilities, when linguistic and cognitive child factors are being controlled for. The 
following research questions are addressed:

1 How do linguistic skills influence the numerical abilities (i.e., early numeracy skills 
and basic arithmetic skills) of second language learners and children with Specific 
Language Impairment at kindergarten, when cognitive factors are being controlled 
for?

2 To what extent do home numeracy experiences facilitate the development of 
numerical abilities of young kindergarten children, when their cognitive and 
linguistic abilities are taken into account?

 The present dissertation is outlined in a compilation of seven research-based articles 
that have either been accepted for publication or submitted for publication. The dissertation 



12

Chapter 1

starts with two cross-sectional studies on second language learners followed by three 
articles reflecting a longitudinal study on children with SLI, and finally, two studies on the 
impact of the home environment on early numerical development are described. In Chapter 

2 (“Cognitive and linguistic precursors to early numeracy: Evidence from first and second 
language learners”), the role of language in early numeracy skills in first and second language 
learners is addressed. In this study, it was examined how first and second language learners 
at kindergarten differ in their early numeracy skills and to what extent the early numeracy 
skills of first and second language learners relate to their linguistic and cognitive abilities. 
Chapter 3 (“Cognitive and linguistic predictors of basic arithmetic skills: Evidence from first 
and second language learners”) describes comparable research questions as in chapter 2, but 
now consisting of first and second language learners in second grade. Chapter 4 (“Precursors 
to numeracy in kindergartners with Specific Language Impairment”) reports on the role of 
language in early numeracy skills in children with SLI at kindergarten. In Chapter 5 (“Naming 
speed as a clinical marker in predicting basic calculation skills of children with Specific 
Language Impairment”), special attention is being given to the role of naming speed as a 
clinical marker in predicting the performance of SLI children in arithmetic with canonical 
problems in grade one. Furthermore, Chapter 6 (“Impact of Specific Language Impairment 
on the development of basic arithmetic skills”) describes how the impaired linguistic skills 
of children with SLI as measured in kindergarten relate to their basic arithmetic skills in 
grade two. Chapter 7 (“Child and home predictors of early numeracy skills in kindergarten”) 
reports on a cross-sectional study conducted at kindergarten and addressed the extent in 
which home numeracy experiences uniquely contribute to early numeracy skills, when 
linguistic and cognitive child factors are being controlled for. Finally, in Chapter 8 (“Relations 
between home numeracy experiences and basic calculation skills of children with and 
without SLI”), the longitudinal contribution of home numeracy experiences to arithmetic 
with canonical problems is studied, with special attention being given to the home numeracy 
environments of children with SLI. 
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Chapter 2

Cognitive and linguistic 

precursors to early numeracy: 

Evidence from first and second 

language learners1

1 Reference: Kleemans, T., Segers, E., & Verhoeven, L. (2011). Cognitive and linguistic precursors to 

numeracy: Evidence from first and second language learners. Learning and Individual Differences, 21(5), 

555-561. doi: 10.1016/j.lindif.2011.07.008
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Abstract

 The present study investigated the role of cognitive and linguistic precursors in 
early numeracy skills to examine the interrelations between the development of linguistic 
and numeracy skills. General intelligence, working memory, phonological awareness, 
grammatical ability, and early numeracy skills were assessed in 75 first (mean age 6;1) and 
55 second language learners (mean age 6;2). The second language learners scored lower 
than the first language learners on both linguistic and early numeracy tasks. However, the 
same precursors accounted for the variation in the early numeracy of both groups as no 
structural differences were found between the two groups. A more elaborate model of the 
acquisition of early numeracy is presented, indicating that in the earlier years of childhood 
the acquisition of early numeracy skills is highly related to linguistic skills.
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2

Introduction

 Early numeracy consists of logical operations (e.g., comparison, classification, and 
seriation skills) (cf. Nunes & Bryant, 1996) and numeral representations (i.e., counting 
and elementary computation skills) (Desoete & Grégoire, 2006; Passolunghi, Vercelloni, 
& Schadee, 2007). Both sets of skills are assumed to be partly related to the language 
system (Dehaene, Piazza, Pinel, & Cohen, 2003). With respect to logical operations, 
Hauser, Chomsky, and Fitch (2002) argued that both cognitive and syntactic skills are 
constrained by a universal grammar and develop by recursion; similarly, it is claimed 
that grammatical representations share a common base with non-linguistic domains, like 
logical operations, both involving sequential constructions based on abstract hierarchical 
representations (Scheepers, Turt, Teevan, & Myckykov, 2009). With regard to numeral 
representations, a relation between phonological and mathematical skills is assumed. 
Krajewski and Schneider (2009) found a relation between phonological awareness and 
quantity number competencies in early childhood. Simmons and Singleton (2008) showed 
problems in phonological awareness to influence aspects of arithmetic that involve the 
manipulation of verbal codes (i.e., counting speed, number fact recall). 
 Evidence for the intrinsic relation between language and mathematics also comes 
from studies of second language (L2) learners. Given that L2 learners tend to score lower 
on both phonological awareness and grammatical ability in the second language (Genesee 
& Geva, 2006; Verhoeven & Vermeer, 2006), it can be expected that L2 learners will also 
show lower logical operation skills and lower numeral representation skills than first 
language (L1) learners. And this has indeed been found to be the case (Mullis, Martin, 
Gonzalez, & Chrostowski, 2004).
 The exact nature of the interrelations between linguistic and mathematical 
abilities is nevertheless far from clear, because cognitive factors such as working memory 
and general intelligence obviously influence the development of both language and 
numeracy (cf. Noël, 2009; Stock, Desoete, & Roeyers, 2009). Baddeley’s (1986) model 
of working memory defines a central executive functioning, a phonological loop, and a 
visual-spatial sketchpad. Both the central executive functioning and phonological loop 
have been found to be responsible for both processing literacy (e.g., Swanson & Howell, 
2000) and numeracy skills (Rasmussen & Bisanz, 2005). Others have shown the visual-
spatial sketchpad to play an important role in mathematical development (Bull, Espy, & 
Wiebe, 2008; Simmons, Singleton, & Horne, 2008). Furthermore, De Smedt and colleagues 
(2009) have shown general intelligence to be a significant predictor of early mathematics. 
In order to shed more light on the exact relations between language and numeracy, we 
examined the linguistic and numeracy abilities of L1 and L2 kindergarten children while 
taking their working memories and general intelligence into account. The following two 
questions were asked.

1 Do the early numeracy abilities of L1 and L2 learners differ? 
 2 To what extent do the early numeracy abilities of L1 and L2 learners relate to their 

linguistic and cognitive abilities?
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 We hypothesized that L2 learners would indeed show lower early numeracy skills in 
their second language, when compared to L1 learners (H1). It was also hypothesized that 
all the children’s grammatical ability would affect their ability for logical operations and 
also that their phonological awareness would affect their numeral representations (H2). 
Relations between phonological awareness and logical operations and between grammatical 
ability and numeral representations were also hypothesized to occur in the structural model 
(H3). Given that L2 learners do not have impaired linguistic or numeracy skills, moreover, 
it was hypothesized that the relations between the language and early numeracy skills 
of L1 versus L2 learners would not differ (H4). In addition, both working memory and 
general intelligence were further hypothesized to directly and significantly affect the early 
numeracy skills of both the L1 and L2 learning children (H5). Finally, it was hypothesized 
that grammatical ability and phonological awareness would reduce the strength of the 
relations between cognitive precursors and early numeracy (H6). It has recently been 
suggested that a relation exists between language and numeracy (Krajewski & Schneider, 
2009) and between cognitive precursors and language (Wagner & Torgesen, 1987).

Method

Participants 

 A total of 130 children (75 L1, 55 L2) were randomly selected from 18 Dutch schools 
for mainstream elementary education in the Netherlands. All of the children’s parents gave 
their passive consent for participation of their child and completed a questionnaire with 
regard to their educational backgrounds and use of language in the home. The participation 
rate was 100%. All of children were in kindergarten and thus the year prior to formal reading 
and mathematics instruction, although attention is paid in kindergarten to phonological 
awareness and early numeracy. The group of L2 learners consisted of Turkish and Moroccan 
children. Turkish and Moroccan immigrants have come to the Netherlands over the past 
decades for economic reasons, and they now form the largest minority group in the 
Netherlands (Central Bureau of Statistics, 2009). The children in Turkish and Moroccan 
families tend to live in native-language speaking homes; their early language input is thus 
restricted to Turkish and Moroccan-Arabic; and the Dutch language only gradually enters 
their lives via playmates and Dutch school (Scheele, Leseman, & Mayo, 2010). Demographic 
information is presented in Table 1. 
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Table 1
Demographic Characteristics of the L1 (n = 75) and L2 (n = 55) Learners

Demographic variable L1 learners L2 learners

Age (months)

Mean (SD) 72.95 (4.324) n.s. 73.31 (5.969) n.s.

Range 65-81 50-85

Socio economic status

Mean (SD) 4.08 (.673) n.s. 3.98 (.623) n.s.

Range 1 (no education) – 7 (university) 1 (no education) – 7 (university)

Ethnic composition and 
language at home (n)

Dutch 75 0

Turkish 0 34

Moroccan 0 21

n.s. (p > .400)

Materials

Cognitive measures.

 General intelligence was assessed using the Raven’s Coloured Progressive Matrices 
(Raven, 1956). Thirty-six visual patterns of increasing difficulty are presented. In each 
pattern, the child must choose the missing piece of information from six alternatives. The 
correct answers are counted and converted on the basis of the Dutch norms to a standard 
score (Cronbach’s alpha = .90; Van Bon, 1986).
 Central executive functioning was measured using the Number Recall subtest from 
the Kaufman Assessment Battery for Children, second edition (KABC-II) (Kaufman & Kaufman, 
2004). The child must recall a sequence of digits in backward order, with the number of 
digits increasing as the test progresses. After three consecutive failures, testing was 
terminated. The correctly recalled sequences are counted (Cronbach’s alpha = .85; Kaufman, 
Lichtenberger, Fletcher-Janzen, & Kaufman, 2005).
 The phonological loop was assessed using the subtest Woorden Nazeggen [Repeating 
Words] from the ESM Toets [Test for Children With Specific Language Impairment] 
(Verhoeven, 2005). The child must recall a sequence of words in the same order, with the 
number of words increasing as the test progresses. After three consecutive failures, testing 
was terminated. The correctly recalled sequences are counted (Cronbach’s alpha = .84). 
 The visual-spatial sketchpad was measured using the subtest Geheugenspan [Memory 
Span] from the Revisie Amsterdamse Kinder Intelligentie Test [Revision Amsterdam Child 
Intelligence Test] (RAKIT) (Bleichrodt, Drenth, Zaal, & Resing, 1987). A sequence of abstract 
figures is presented on paper, and the child must then reproduce the sequence using little 
blocks with the abstract figures depicted on them. The number of abstract figures increases 
as testing progresses. Testing was terminated after three consecutive failures. The correctly 
reproduced sequences are then counted (Cronbach’s alpha = .82). 
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Linguistic measures.

 Phonological awareness was measured using the Signaleringsinstrument Beginnende 

Geletterdheid [Diagnostic Instrument for Emerging Literacy] (Vloedgraven, Keuning, & 
Verhoeven, 2009). For each task, three pictures depicting one-syllable words were first read 
aloud. The instructions for the subsequent part of each task then differed. For rhyming, the 
child heard a target word and was asked to identify the corresponding rhyme word from 
three pictures. For blending, only the initial letter was heard and the child had to click on 
the word starting with the same initial letter. For synthesis, the child had to indicate which 
of three pictures corresponded to an orally presented letter-sound sequence. For letter 

identification, the child heard a phoneme and had to click on the corresponding grapheme. 
The number of correct answers was the score for each task (Cronbach’s alpha > .90).
 Grammatical ability was assessed using three tasks from the Taaltoets Alle Kinderen 
[Language Test for All Children] (Verhoeven & Vermeer, 1993). For each task, the child 
heard a sentence that corresponded to one of three pictures. The task 1 sentences contained 
42 function words; task 2 involved 32 sentence structures; and task 3 involved subtle 
grammatical differences (i.e., nuances). The number of correct answers was the score per 
task (Cronbach’s alpha > .82; Verhoeven & Vermeer, 2006).

Early numeracy measure.

 Early numeracy was assessed using the Utrechtse Getalbegrip Toets [Utrecht Early 
Numeracy Test] (Cronbach’s α = .94; Van Luit & Van de Rijt, 2005). Logical operation skills 
were tested using four tasks (cf. Nunes & Bryant, 1996) and numeral representations were 
tested using four other tasks. Five items were presented to the child for each task.
 Logical operations. For comparison, the child had to compare the qualitative and 
quantitative aspects of several items. For classification, the child had to group several items 
using criteria specified by the tester. For correspondence, the child had to compare absolute 
quantities in a one-to-one relation. For seriation, the child had to order items on the basis of 
their external appearance (Cronbach’s alpha = .80). 
 Numeral representations. For counting, the child had to count from a certain point 
back and then forward. For synchronous and shortened counting, the child had to count 
sequentially and then by intervals, using the structure of dice. For resultative counting, the 
child had to count organized and disorganized quantities without using such visual aids 
as fingers or hands. For applying knowledge of the number system, the child had to apply 
knowledge of the number system to a variety of daily situations. For all tasks, the number of 
correct answers was the score (Cronbach’s alpha = .80). 
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Procedure

 Testing was done in three blocks. The first involved the cognitive measures. The 
second involved the linguistic measures. The third involved the early numeracy measure. 
The blocks were presented at random, but the tests within a block were administered in the 
same order. The children were tested individually in a quiet room at their school for a total 
of 2.5 ours across a period of one month.

Data Analysis

 To answer the first research question, t-tests for independent samples with Holm-
Bonferroni correction (Holm, 1979) were performed on each consecutive task. Structural 
Equation modeling (SEM) using LISREL software (Jöreskog & Sörborn, 1996) was then 
undertaken to explore the factors underlying the tests of language and early numeracy.
To answer the second research question, multi-group SEM analyses were undertaken to test 
for possible differences between the groups of L1 and L2 learning children on the relations 
between language and early numeracy. The direct and indirect effects of the kindergartner’s 
cognitive and linguistic abilities on their early numeracy were then analyzed using SEM. 
 To evaluate data fit, the chi-square test should exceed .05 (Ullman, 2001). Furthermore, 
the Non Normative Fit Index (NNFI), Comparative Fit Index (CFI), and Goodness of Fit Index 
(GFI) should be at least .90 (Hu & Bentler, 1999) and the Adjusted Goodness of Fit Index 
(AGFI) over .85. The Root Mean Square Error of Approximation (RMSEA) should not be over 
.06, and the Standardized Root Mean Square Residual should be smaller than .08 (Jaccard & 
Wan, 1996). For group comparisons, a chi-square test, NNFI, RMSEA, and CFI are needed to 
evaluate model fit (Bollen, 1989). 

Results

Descriptive Statistics

With respect to the first research question, as can be seen from Table 2, t-tests showed L2 
learners to score lower than L1 learners on all tasks. Performance on the correspondence 
task was not analyzed further due to the skewed nature of the data and kurtosis > 1 or <-1 
(Voeten & Van den Bercken, 2003).
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Table 2
Descriptive Statistics for L1 (n=75) and L2 (n= 55) Learners; Results of t-tests for Independent Samples; 
and Cohen’s d 

Task Group

L1 L2 t d

M SD M SD

General intelligence 55.05 31.637 53.94 31.542 0.196 0.035

Working memory

Central executive functioning 3.85 1.761 3.52 1.997 0.997 0.175

Phonological loop 4.33 1.223 4.04 1.374 1.298 0.223

Visual-spatial sketchpad 4.61 1.902 4.44 1.679 0.522 0.095

Phonological awareness

Rhyming 9.38 0.952 7.67 1.873 6.171*** 1.442

Blending 7.47 2.340 5.87 2.249 3.862*** 0.697

Synthesis 7.96 2.251 6.55 2.237 3.482** 0.628

Letter identification 23.23 6.832 18.61 8.550 3.274** 0.659

Grammatical ability

Function words 34.74 3.021 31.44 4.761 4.453*** 0.971

Sentence structures 26.37 3.281 22.80 4.007 5.521*** 0.975

Nuances 26.75 3.143 23.48 3.586 5.437*** 0.970

Early numeracy

Comparison 4.73 0.607 3.94 1.054 4.885*** 1.010

Classification 4.32 0.743 3.57 1.126 4.206*** 0.907

Correspondence 3.95 0.896 3.26 1.376 3.196** 0.692

Seriation 3.96 0.920 2.94 1.323 4.835*** 1.022

Counting 3.27 1.261 2.76 1.273 2.265** 0.403

Synchronous counting 2.88 1.142 2.13 1.428 3.274** 0.580

Resultative counting 2.78 1.294 2.06 1.459 2.958** 0.522

Applying knowledge of number system 3.27 1.170 2.63 1.233 2.999** 0.532

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

 SEM was undertaken to see that all measurement error and all interrelations between 
the various tasks were taken into account when examining the relations between early 
numeracy, phonological awareness, and grammatical ability. The correlations are presented 
in Table 3. 
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 The results of the factor analysis using SEM confirmed the distinction between logical 
operations and numeral representations (X²(13, N = 130) = 14.36, p = .35, CFI = 1.00, NNFI = 
.99, GFI = .97, AGFI = .93, RMSEA = .03, SRMR = .04). This was also the case for the distinction 
between phonological awareness and grammatical ability (X²(10, N = 130) = 9.35, p = .50, 
CFI = 1.00, NNFI = 1.00, GFI = .98, AGFI = .94, RMSEA = .00, SRMR = .04.). In both models, 
factors were allowed to correlate. The models are depicted in Figure 1, and the correlations 
are presented in Table 4.

Table 4
Correlations Among the Cognitive, Linguistic, and Early Numeracy Skills (n = 130)

1 2 3 4 5 6

1. General intelligence -

2. Working memory .240*** -

3. Phonological awareness .249*** .451*** -

4. Grammatical ability .349*** .472*** .532*** -

5. Logical operations .197* .436*** .554*** .582*** -

6. Numeral representations .178* .541*** .645*** .570*** .542*** -

* p < .05. *** p < .001.

Cognitive and Linguistic Precursors to Early Numeracy 

 To answer the second research question, the invariance of the early numeracy and 
linguistic factors was tested in multi-group SEM analyses. The results confirmed equal factor 
variances and covariances as well as equal factor loadings and measurement errors for the 
L1 and L2 learners on the linguistic skills (X²(41, N = 130) = 50.95, p = .14, CFI = .96, NNFI = 
.96, GFI = .90, RMSEA = .06) and early numeracy skills (X²(41, N = 130) = 24.95, p = .68, CFI 
= 1.00, NNFI = 1.00, GFI = .95, RMSEA = .00). Figure 1 depicts these results. 
 In addition, another set of multi-group analyses was undertaken to restrict the model 
in such a manner that the structural paths between the language and early numeracy skills 
should be the same for the two groups. The goodness of fit statistics for the L1 learners 
showed a 49.59% contribution to the overall Chi-square. For the L2 learners, this was 
50.41%. The results thus show identical relations between language and early numeracy for 
the L1 and L2 learners (X²(136, N = 130) = 139.89, p = .39, CFI = .99, NNFI = .98, GFI = .90, 
RMSEA = .02). This model is depicted in Figure 2.



27

Cognitive and linguistic precursors to early numeracy: Evidence from first and second language learners

2

Figure 1. Results of confirmatory factor analyses using Structural Equation Modeling (SEM) for linguistic 
tasks and early numeracy tasks, respectively (n = 130).
** p < .01. *** p < .001.
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Figure 2. Structural relations between language and early numeracy for L1 (n = 75) and L2 (n = 55) learners 
in kindergarten.
* p < .05. ** p < .01. *** p < .001.

 To construct a final model in which both cognitive and language abilities are also 
included, we first examined the direct effect of IQ and working memory on the early 
numeracy components. There was a good fit (X²(39, N = 130) = 50.31, p = .10, CFI = .98, NNFI 
= .98, GFI = .93, AGFI = .88, RMSEA = .04, SRMR = .06, R2 logical operations: 51%, R2 numeral 
representations: 50%). The relations are shown in Figure 3. 
 Phonological awareness and grammatical ability were then added to the model as 
possibly mediating variables. The paths from IQ and working memory to phonological 
awareness and grammatical ability were estimated and the paths from phonological 
awareness and grammatical ability to early numeracy as well. The final model showed a 
good fit (X²(116, N = 127) = 121.93, p= .33, CFI = .99, NFI = .95, NNFI = .99, GFI = .90, AGFI = 
.86, RMSEA = .02, SRMR = .05, R2 logical operations: 73%, R2 numeral representations: 67%). 
The estimated indirect effect of IQ to logical operations was .10 (p < .05) and.12 (p < .05) to 
numeral representations. For working memory, the estimated indirect effect was .12 (p < 
.05) to logical operations and .17 (p < .01) to numeral representations. Figure 4 depicts the 
results. The contribution of the visual-spatial sketchpad to the working memory component 
was nonsignificant, as can be seen in Figure 3, so this task was excluded from the final model. 
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Figure 3. Direct effects of IQ and working memory on early numeracy (n = 130). 
** p < .01. *** p < .001.

Figure 4. Final model including the structural relations among cognitive, linguistic, and early numeracy skills 
for kindergarten children (n = 130).
* p < .05. ** p < .01.
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Conclusions and Discussion

 In our investigation of the cognitive and linguistic precursors to early numeracy in L1 
and L2 learners, we found lower scores for the early numeracy skills of L2 learners relative 
to L1 learners (H1). We found significant relations between grammatical ability and logical 
operations, phonological awareness and numeral representations, and cross-over relations: 
Both some phonological awareness and grammatical ability appear to be needed for early 
numeracy development (H2 and H3). No differences were detected between the relations 
for L1 versus L2 learners, moreover, as the L2 learners only have L2 educational delays and 
not impaired linguistic or numeracy skills (H4). 
 We also found a direct effect of IQ on numeral representations and a direct effect of 
working memory on both logical operations and numeral representations (H5). This is in 
line with other research on the relationship between cognitive precursors and numeracy (cf. 
Noël, 2009; Stock et al., 2009). The small effect of IQ on early numeracy can be explained by 
the variance shared with working memory in the explanation of early numeracy (Conway, 
Kane, & Engle, 2003). The visual-spatial sketchpad did not predict early numeracy, which is 
probably because the central executive relied more on the phonological loop than the visual-
spatial sketchpad for tasks that were assessed orally. 
Finally, the results showed partial mediation of the effects of IQ and working memory on 
early numeracy by both phonological awareness and grammatical ability. Given the non-
significant contribution of the visual-spatial sketchpad, we removed it from the final model. 
However, it should be noted that the model would still hold in its current form, even if we did 
not remove it for further analysis. 
 In sum, our research showed the acquisition of early numeracy skills to highly 
depend on language. Given the correlational nature of our research, we cannot conclude 
that language predicts early numeracy. In other words, whether the influence of language 
on numeracy remains during formal mathematics education in grade one and further has 
yet to be seen. Children must use counting strategies and retrieve the phonological form 
of a counting word from working memory to solve an arithmetic problem (Simmons et 
al., 2008). It is therefore likely that language still plays a role in the retrieval of arithmetic 
facts for simple addition and multiplication. For subtraction, it is likely that the use of 
linguistic-based counting strategies from earlier years will gradually be replaced by other 
procedures as subtraction problems become more difficult and call for more visual-spatial 
representations than simple addition and multiplication (Dehaene et al, 2003). 
 To fully understand the relation between language and mathematics, future research 
should examine the fluency and proficiency of both L1 and L2 learners in the domains of 
both language and mathematics. Furthermore, individual differences should be examined 
as Geary (1993) has suggested that shared underlying genes may contribute to problems in 
both the areas of language and mathematics at times.
 However, factors other than linguistic ability may be at work. We therefore conducted 
an additional ANCOVA with phonological awareness and grammatical ability as the control 
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variables and logical operations and numeral representations as the dependent variables 
and still found differences in the numeracy abilities of the L1 and L2 learners. Future 
research should therefore consider the role of parent-child numeracy practices as well (cf. 
LeFevre et al., 2009). 
 We conclude that, in addition to cognitive factors, both phonological awareness 
and grammatical ability play an equally important role in the early numeracy of L1 and 
L2 learners. To disentangle the roles of cognitive and linguistic abilities in early numeracy, 
however, longitudinal research is needed to trace the development in the different factors in 
L1 and L2 learners over time.
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Abstract

 The present study investigated the role of both cognitive and linguistic predictors 
in basic arithmetic skills (i.e., addition and subtraction). Sixty-nine first language learners 
(L1) and 60 second language learners (L2) from second grade were tested on general 
intelligence, working memory, phonological awareness, grammatical ability as well as basic 
arithmetic skills. The L2 learners scored lower than L1 learners on phonological awareness, 
grammatical ability, and basic arithmetic skills (i.e., addition and subtraction), but not on 
general intelligence and working memory. For both groups, the same precursors applied 
to the variation in basic arithmetic skills. In addition to general intelligence and working 
memory, both phonological awareness and grammatical ability predicted basic arithmetic 
skills, indicating that assessment of arithmetic problems in L1 and L2 learners should take 
into account both the cognitive and linguistic abilities children bring to the classroom.
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Introduction

 Basic arithmetic skills are the addition and subtraction of numbers less than 10, and 
children learn these operations in the early years of primary education (Desoete & Grégoire, 
2006). Recent neurocognitive research makes it clear that addition and subtraction are 
processed in different parts of the brain (Dehaene, Piazza, Pinel, & Cohen, 2003), but it is 
yet unclear which cognitive and linguistic precursors relate to these arithmetic skills in 
childhood (Kaufmann, 2008). In the present article, it was therefore explored how the early 
attainment of both arithmetic skills relates to cognitive and linguistic predictors.
 With respect to cognitive predictors, working memory and general intelligence have 
been found to predict basic arithmetic skills. Concerning working memory, most studies are 
based on Baddeley’s working memory model (1986), defining a central executive as primary 
system, and a phonological loop and visual-spatial sketchpad as slave systems. In some 
studies, it was found that the phonological loop predicted mathematical achievement (Hecht, 
Torgesen, Wagner, & Rashotte, 2001; Swanson & Kim, 2007), whereas in other studies a 
significant effect of the visual-spatial sketchpad on arithmetic skills was evidenced (Holmes 
& Adams, 2006; Holmes, Adams, & Hamilton, 2008; Krajewski & Schneider, 2009). These 
inconsistent results are probably due to the fact that most studies did not include all working 
memory measures in predicting basic arithmetic skills (De Smedt et al., 2009), and both 
working memory and general intelligence are found to share some variance in explaining 
arithmetic skills (Conway, Kane, & Engle, 2003). A study of De Smedt et al. (2009), in which 
both general intelligence and all working memory components were included, showed 
unique effects of general intelligence after controlling for all working memory components. 
Furthermore, it was found that the visual-spatial sketchpad predicted first grade arithmetic 
achievement, whereas the phonological loop was uniquely related to arithmetic achievement 
in second grade. 
 Next to having a relation with cognitive aspects, recent research indicates that basic 
arithmetic skills are also partly related to the language system (e.g., De Smedt & Boets, 2010; 
Hecht, Torgesen, Wagner, & Rashotte, 2001; Kleemans, Segers, & Verhoeven, 2011, 2012; 
Simmons, Singleton, & Horne, 2008). To begin with, there is a link to phonological awareness, 
which has an impact on those aspects of arithmetic that involve the manipulation of verbal 
codes during simple arithmetic problems and arithmetic fact retrieval (e.g., De Smedt, Taylor, 
Archibald, & Ansari, 2010; Simmons & Singleton, 2008). Since these verbal codes are stored 
within a phonological format in long-term memory (Dehaene et al., 2003), it can easily be 
hypothesized that phonological awareness is related to performance in basic arithmetic skills.
 Next to phonological awareness, it is interesting to note that humans have a unique 
ability to show an open-ended skill in computing with large numbers; an ability that seems 
to interact with the process of language acquisition (i.e., universal grammar) (Hauser, 
Chomsky, & Fitch, 2002). Basic arithmetic skills and language may thus be based on the same 
syntactical principles as both develop by recursion and involve sequential constructions, 
which are based on abstract hierarchical representations (Chomsky, 1965; Jackendoff, 
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2002). It can therefore be hypothesized that basic arithmetic skills and grammatical ability 
share a common base. 
 To sum up, there is clear evidence that both cognitive and linguistic factors predict 
basic arithmetic skills. However, the wider range of cognitive and linguistic predictors of 
arithmetic skills were not combined in one and the same design. Therefore, in the present 
study it was examined how basic arithmetic skills in young Dutch children can be predicted 
from their cognitive (i.e., general intelligence and working memory) and linguistic (i.e., 
phonological awareness and grammatical ability) abilities. Furthermore, as previous 
neurocognitive research indicates that addition and subtraction can be seen as different 
kinds of mental operations underlying basic arithmetic skills (Dehaene et al., 2003), both 
arithmetic skills were used as a criterion measure in the present study. 
 In order to fully address the importance of including linguistic abilities in predicting 
basic arithmetic skills, representative samples of first (L1) and second (L2) language 
learners of Dutch were included in the design. Given that previous research has shown that 
L2 learners lag behind in phonological awareness and grammatical ability as compared 
with their monolingual Dutch speaking peers (Verhoeven & Vermeer, 2006), it can be 
hypothesized that L2 learners have lower basic arithmetic skills in their second language as 
well. The present study addressed the following research questions: 

1 Do L1 and L2 learners differ in cognitive, linguistic, and basic arithmetic skills?
2 To what extent can the basic arithmetic skills of L1 and L2 learners be predicted 

from their cognitive and linguistic abilities?
 With respect to the first question, we expected the L2 learners would lag behind L1 
learners in linguistic and arithmetic skills, but not in cognitive abilities. With regard to the 
second question, we expected that the arithmetic skills of both L1 and L2 learners would be 
predicted to the same extent by their cognitive and linguistic abilities, with both addition 
and subtraction being predicted from phonological awareness and grammatical ability.

Method

Participants

 The group of participants consisted of 129 second-grade children: 69 monolingual 
L1 learners (Mage 99.73 months, age range 90-111), and 60 bilingual L2 learners (Mage 98.90 
months, age range 86-114) from five schools for mainstream primary education throughout 
the Netherlands. The group of L2 learners consisted of Turkish and Moroccan children. 
Turkish and Moroccan immigrants form the largest minority group in the Netherlands 
(Central Bureau of Statistics, 2009). As children in Turkish and Moroccan families tend to 
live in native-language speaking homes, their early language input is restricted to Turkish 
and Moroccan-Arabic. The Dutch language only gradually enters their lives via playmates 
and Dutch school (Scheele, Leseman, & Mayo, 2010). 
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 In the Netherlands, formal reading and arithmetic education is given from first 
grade. Halfway through second grade, children are expected to master advanced forms of 
phonological awareness (i.e., phoneme deletion; Vloedgraven, Keuning, & Verhoeven, 2009). 
Furthermore, they are supposed to successfully solve single-digit addition and subtraction 
problems (i.e., arithmetical problems with numbers less than 10) (Van der Stap, 2009). 
 Parents were asked permission (passive consent) to let their child participate in the 
study. All children were in the second year of receiving formal arithmetic education (i.e., 
second grade). The two groups of children did not differ in age (p = .391), socio economic 
status (p = .140, range between 1 = no postsecondary education and 4 = completed university), 
and cognitive abilities (i.e., intelligence, central executive functioning, phonological loop, 
and visual-spatial sketchpad) (all p’s > .100). 

Materials 

Predictor measures.

Cognitive measures.

 General intelligence. The Raven’s Coloured Progressive Matrices (Raven, 1956) was 
used to identify the level of general intelligence. This test consisted of 36 visual patterns, 
with increasing difficulty. In each trial, a visual pattern and a missing piece were presented. 
The participant had to choose the correct piece out of six alternatives. All correct answers 
were summed up, resulting in a raw score. The raw score was converted into a percentile 
score, based on Dutch norms (Van Bon, 1986), such that the norm group had a mean of 
100 and a standard deviation of 15. The reliability (Cronbach’s alpha) was .84. This can be 
considered good reliability (Van Bon, 1986).
 Working memory: Central executive functioning. Central executive functioning was 
measured by means of the subtest Number Recall from the Kaufman Assessment Battery for 
Children, second edition (KABC-II) (Kaufman & Kaufman, 2004). In this test, the child had to 
correctly recall a sequence of digits in backward order, with an increasing number of digits 
as testing progresses. Each sequence was read aloud by the test leader, with an interval 
of one second between the digits. After three consecutive wrong answers, the test was 
terminated and all correctly recalled sequences were counted. The reliability (Cronbach’s 
alpha) of this test was .85. This can be considered good reliability (Kaufman, Lichtenberger, 
Fletcher-Janzen, & Kaufman, 2005).
 Working memory: Phonological loop. To assess the capacity of the phonological loop, 
the subtest Woorden en Zinnen Nazeggen [Repeating Words and Sentences] from the ESM 
Toets [Test for Children With Specific Language Impairment] (Verhoeven, 2005) was used. 
First, the child had to correctly recall 12 sequences of words, with increasing difficulty (i.e., 
the number of words increased when the child progressed through the test). Second, the child 
had to correctly recall 12 sentences, with increasing difficulty. Each sequence was read aloud 
by the test leader, with an interval of one second between the words. On each part, testing was 
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terminated when the child failed on four consecutive trials. All correct answers were counted. 
The internal consistency of this task was good (Cronbach’s alpha = .90; Verhoeven, 2005 ). 
 Working memory: Visual-spatial sketchpad. To measure the capacity of the visual-
spatial sketchpad, we used the subtest Geheugenspan [Memory Span] from the Revisie 

Amsterdamse Kinder Intelligentie Test [Revision Amsterdam Child Intelligence Test] (RAKIT) 
(Bleichrodt, Drenth, Zaal, & Resing, 1987). In this test, a sequence of abstract figures was 
presented on paper. The task of the child was to correctly reproduce the sequence, by using 
little blocks on which these abstract figures were depicted. The number of abstract figures 
increased when the child progressed through the test. Testing was terminated after three 
consecutive failures. All correctly reproduced sequences were then counted. Cronbach’s 
alpha was .81, indicating good reliability.

Linguistic measures.

 Phonological awareness. The subtest Phoneme Deletion from the Screeningsinstrument 

Beginnende Geletterdheid [Diagnostic Instrument for Emerging Literacy] (Vloedgraven et al., 
2009) was used to measure phonological awareness. The task started with the presentation of 
three response alternatives both visually and auditory followed by the auditory presentation 
of the target word. The child had to delete a phoneme in the auditory presented target word. 
All correct answers were counted. This task had a good reliability (Chronbach’s alpha = .80).
 Grammatical ability. Grammatical ability was measured, using three separate 
grammar tasks from the Taaltoets Alle Kinderen [Language Test for All Children] (Verhoeven 
& Vermeer, 1993). On each task, three pictures were presented to the children. They heard 
a sentence that corresponded to one of the three pictures. Each task measured a different 
aspect of grammatical ability (e.g., “Which glass is full?”) The second task consisted of 32 
sentences structures (e.g., “It is the boy who pushes the girl”) and finally, the child heard 32 
nuances (e.g., “The glass is not full yet”). On each task, all correct answers were counted. The 
reliability of each task was good (Cronbach’s alpha > .80).

Criterion measures.

 Basic arithmetic skills: addition and subtraction. Children’s ability to add and 
subtract was measured using E-prime software (Schneider, Eschmann, & Zuccolotto, 2002). 
The test consisted of two sessions. In the first session, 40 single-digit additions were 
presented, followed by 40 single-digit subtraction problems in the second session. The task 
of the participant was to solve as many as possible arithmetical problems within a time 
limit of two minutes. Each arithmetical problem was preceded by an asterisk (i.e., ‘*’) to 
draw the child’s attention to the middle of the screen. Then, the item appeared in horizontal 
format. The participant had to administer the correct answer by using a numeric Universal 
Serial Bus (USB) keyboard, with the Arabic digits (i.e., 0-9) depicted on it. The items were 
presented in quasi-random order so that an Arabic digit presented in either the problem or 
solution did not occur in a previous or following item. Furthermore, the subtraction items 
were derived as an inverse of the addition items (e.g., 2 + 7 = 9 and 9 – 7 = 2). All correct 
answers were counted. The reliability of each task was sufficient (Cronbach’s alpha > .79). 
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Procedure

 Fifteen test leaders were trained and went to the schools to administer various tests. 
These tests were spread over three blocks, 45 minutes each. The first block included tests that 
measured the cognitive functions of the children (e.g., working memory, general intelligence). 
The second block included the linguistic tests (e.g., phonological awareness, grammatical 
ability), and the third block measured basic arithmetic skills. Each block was randomly 
presented to the child. All tests within a block were administered in the same order. The 
children were tested for a total of two-and-a-half hours across a period of one month. Children 
were taken out of the class and assessed individually in a quiet room in their own school. 

Results

 To answer the first research question, we performed t-tests for independent samples 
with Holm-Bonferroni correction (Holm, 1979). The results indicated that the group of 
L2 learners scored below the L1 learners on all predictor and criterion measures, with 
the exception of cognitive abilities (i.e., general intelligence, central executive functioning, 
phonological loop, and visual-spatial sketchpad). Effect sizes (d) varied between 0.548 and 
1.535. The results are shown in Table 1. 

Table 1
Descriptive Statistics for First (L1) (n = 69) and Second (L2) (n = 60) Language Learners, including the Results 
on the t-tests for Independent Samples; and Cohen’s d

Group

L1 L2 t d

Variable M SD M SD

General intelligence 60.84 27.010 52.48 30.163 1.660 0.295

Working memory

Central executive functioning  5.88 1.586  5.60 1.392 1.073 0.190

Phonological loop 13.42 5.025 11.88 5.515 1.656 0.294

Visual-spatial sketchpad 16.16 4.404 15.28 3.425 1.317 0.234

Phonological awareness  9.20 1.530  8.20 1.849 3.327** 0.621

Grammatical ability

Function words 39.13 2.202 37.40 4.009 3.090** 0.548

Sentences structures 30.01 1.640 27.28 3.561 5.458*** 1.217

Nuances 29.74 1.721 28.34 3.113 3.035** 0.643

Basic arithmetic skills

Addition 18.57 3.707 13.13 3.423 8.648*** 1.535

Subtraction 13.68 4.651 10.60 5.414 3.440** 0.611

** p < .01. *** p < .001.
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 To answer the second research question, we conducted a hierarchical regression 
analysis (HRA) on both criterion measures (i.e., addition, subtraction). Correlations between 
the predictor and criterion measures are presented in Table 2. To prevent multicollinearity, 
all predictor variables were centered prior to the regression analyses (cf. Voeten & Van den 
Bercken, 2003). In step 1 of the HRA, we included all cognitive (i.e., general intelligence, 
central executive functioning, phonological loop, and visual-spatial sketchpad) and linguistic 
(i.e., phonological awareness and grammatical ability) measures, including a Group variable 
(L1 = 0, L2 =1). In step 2, all corresponding interaction terms between the cognitive and 
linguistic predictors and Group were added to explore additional differences between the 
two groups. 

Table 2
Correlations Among the Cognitive, Linguistic, and Basic Arithmetic Skills (n = 129)

Variable 1 2 3 4 5 6 7 8

1. Intelligence -

2. Central executive functioning .197* -

3. Phonological loop .020 -.049 -

4. Visual-spatial sketchpad .196* .204** .103 -

5. Phonological awareness .001 -.034 .053 -.087 -

6. Grammatical ability .286** .226** .046 .134 .161* -

7. Addition .264** .047 .222* .040 .379*** .408*** -

8. Subtraction .307*** .190* .207* .157* .233*** .354*** .299** -

* p < .05. ** p < .01. *** p < .001.

 With respect to both addition and subtraction, the results showed significant effects 
of general intelligence, phonological loop, phonological awareness, and grammatical 
ability in step 1: Higher scores on general intelligence, phonological loop, phonological 
awareness, and grammatical ability resulted in higher scores on addition and subtraction. 
In step 2, no additional interactions were found, thus, there were no structural differences 
between the predictor and criterion measures for L1 and L2 learners. Table 3 shows the 
results of the HRA.
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Table 3
Cognitive and Linguistic Predictors of Basic Arithmetic Skills in L1 (n=69) and L2 (n= 60) Learners

Addition Subtraction

Predictor ∆R² β ∆R² β

Step 1 .463*** .263***

General intelligence .167* .204*

Central executive functioning -.041 .100

Phonological loop .138* .169*

Visual-spatial sketchpad -.055 .057

Phonological awareness .209** .173*

Grammatical ability .166* .193*

Group .452*** .199*

Step 2 .037 .021

Group x General intelligence - -

Group x Central executive functioning - -

Group x Phonological loop - -

Group x Visual-spatial sketchpad - -

Group x Phonological awareness - -

Group x Grammatical ability - -

Total R²adj .476*** .201***

Note. Only significant interaction effects are displayed. 

* p < .05. ** p < .01. *** p < .001.

Conclusions and Discussion

 From the present study on the effect of cognitive and linguistic predictors on basic 
arithmetic skills in L1 and L2 learners, several conclusions can be drawn. With respect to 
the first research question, on differences between L1 and L2 learners, we indeed found 
lower scores for L2 learners on linguistic (i.e., phonological awareness, grammatical ability) 
and basic arithmetic skills (i.e., addition and subtraction), when compared to L1 learners. 
With respect to the second research question, on the extent the basic arithmetic skills of 
L1 and L2 learners can be predicted from their cognitive and linguistic abilities, we found 
general intelligence and the phonological loop to relate to both addition and subtraction, 
which is consistent with previous research (cf. De Smedt et al., 2009). Moreover, the results 
of the HRA also confirmed earlier research in showing that phonological awareness was 
associated with basic arithmetic skills. New, however, was the finding grammatical ability 
turned out to relate to basic arithmetic skills as well, and given the fact that L2 learners are 
only delayed in acquiring their second language skills (cf. Verhoeven & Vermeer, 2006), the 
present study indeed showed that the same cognitive and linguistic precursors applied for 
the variation in arithmetic skills in both L1 and L2 learners. 
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 The results of the present study shed new light on the role of language in basic 
arithmetic skills. First, phonological awareness appears to be one of the core linguistic 
processes in the acquisition of basic arithmetic skills in young children. Given that basic 
arithmetic skills are found to increasingly rely on phonological awareness (cf. De Smedt et 
al., 2010), it is likely that phonological awareness will continue to play a role in arithmetic 
when children pass through third grade and further. 
 In predicting the basic arithmetic skills of second graders, previous research did not 
include grammatical ability as a possible precursor measure. In the present study, next to 
phonological awareness, grammatical ability turned out to relate to basic arithmetic skills 
in both L1 and L2 learners as well. An explanation for this finding is that both grammatical 
ability and numerical abilities develop by recursion and involve sequential constructions, 
based on abstract hierarchical representations. As a theoretical implication, the results of 
the present study may suggest that grammatical ability and basic arithmetic skills appear to 
share a common base in relatively simple processes (cf. Hauser et al., 2002). 
 Some limitations apply to the present study. First, the data of this study was collected 
during one moment in time. The results of the present study should therefore be interpreted 
with caution. To further disentangle the role cognitive and linguistic precursors in arithmetic 
skills, a longitudinal design is necessary. Second, the results of the HRA still showed a group 
difference on both addition and subtraction, indicating that there is still some unaccounted 
variance in explaining the lower scores of L2 learners in arithmetic skills. An explanation may 
be that individual differences may also be related to differences in numeracy experiences in 
the home (cf. Kleemans, Peeters, Segers, & Verhoeven, 2012; LeFevre et al., 2009). 
 To conclude, the results of the present study provided more insight into the role 
of cognitive and linguistic precursors in basic arithmetic skills. Besides the relatedness 
between cognitive measures and arithmetic skills, the results of this study highlighted the 
role of both phonological awareness and grammatical ability in basic arithmetic skills. For 
educational practice, this implicates that diagnostic assessment of arithmetic problems in 
L1 and L2 learners and follow-up interventions should take into account both the cognitive 
and linguistic abilities children bring to the classroom.
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Abstract

 The present study investigated to what extent children with Specific Language 
Impairment (SLI) differ in their early numeracy skills, when compared to Normal Language 
Achieving (NLA) children. It was also explored which precursors were related to the early 
numeracy skills in both groups. Sixty-one children with SLI (6;1 years) and 111 NLA children 
(6;2 years) were tested on general intelligence, working memory, naming speed, linguistic 
ability, and early numeracy skills. The results showed lower scores for the children with SLI 
on logical operations and numeral representations, but not on numeral estimations. The 
variance in numeral estimations was explained by children’s general intelligence and visual-
spatial memory. Phonological awareness and grammatical ability explained the variance in 
logical operations and numeral representations, whereas naming speed turned out to be an 
additional factor in predicting these early numeracy skills of children with SLI.
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Introduction

 Specific Language Impairment (SLI) is characterized by deficiencies in language 
development which are not the direct result of intellectual or physical disabilities, hearing 
loss, or environmental influences (Bishop, 1992). Besides having language problems, children 
with SLI also have problems in acquiring early numeracy skills (Arvedson, 2002; Fazio, 1994). 
Early numeracy can be defined as a multi-componential construct, consisting of verbal (i.e., 
logical operations, numeral representations) (Desoete & Grégoire, 2006; Nunes & Bryant, 
1996) and nonverbal (i.e., numeral estimations) (Koponen, Mononen, Räsänen, & Ahonen, 
2006) tasks. Kindergartners with SLI have difficulties in performing verbal early numeracy 
tasks, but score at age appropriate levels on nonverbal early numeracy tasks (Arvedson, 
2002; Donlan, Bishop, & Hitch, 1998; Fazio, 1994, 1996). It remains unclear, however, which 
factors contribute to these results (Koponen et al., 2006), while further insight into the role 
of these precursors before the start of formal arithmetic education is crucial to prevent 
further delays (Kaufmann, 2008). The present study therefore examined which precursors 
are related to the early numeracy skills of children with SLI in kindergarten, when compared 
to a group of Normal Language Achieving (NLA) peers.
 A broad list of precursors to early numeracy can be identified. To begin with, 
general intelligence and working memory have been found to predict numeral skills of 
kindergartners with NLA (Noël, 2009; Stock, Desoete, & Roeyers, 2009) and 8-years old 
children with SLI (Cowan, Donlan, Newton, & Lloyd, 2005). Researchers often use Baddeley’s 
three componential model, consisting of a central executive, phonological loop and a visual-
spatial sketchpad, in relating working memory to early numeracy performances (Berg, 2008; 
Cowan et al., 2005). Although intelligence and working memory share a lot of variance, 
Ackerman, Beier, and Boyle (2005) emphasized that they are not the same and should thus 
not be seen as one construct. Therefore, general intelligence and working memory should be 
regarded as separate predictor measures of early numeracy. 
 Next to general intelligence and working memory, Koponen et al. (2006) suggested 
that naming speed should also be seen as a possible predictor measure of numeracy 
skills in SLI children. Given the fact that children with SLI have problems in accessing and 
retrieving linguistically encoded information from long-term memory (Miller, Kail, Leonard, 
& Tomblin, 2001; Montgomery & Windsor, 2007), naming speed may be an important factor 
in explaining difficulties these children have in processing verbal numerical tasks. However, 
the role of naming speed in predicting the numerical abilities of kindergartners with SLI, has 
not been taken into consideration in previous studies.  
 Furthermore, recent research has indicated that linguistic factors such as 
phonological awareness (Dehaene, Piazza, Pinel, & Cohen, 2003) and grammatical ability 
(Hauser, Chomsky, & Fitch, 2002) may also be related to numeracy skills. Due to the fact that 
phonological awareness and numeral representations have a common neurological base 
(Dehaene et al., 2003), it can be assumed that limited access to the phonological format of 
counting words may cause an inability to manipulate verbal codes during counting (Geary, 
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1993; Simmons & Singleton, 2008). A relationship between phonological awareness and 
numeral representations has indeed been found in NLA children (Krajewski & Schneider, 
2009), but has not yet been studied in children with SLI. 
 Likewise, grammatical ability may also play an important role in early numeracy, since 
logical operations have the same recursive rules in common (Jackendoff, 2002), and both 
involve sequential constructions which are based on abstract hierarchical representations 
(Hauser et al., 2002). Cowan et al. (2005) found grammatical ability to be a predictor of 
numeracy in 8-years old children with SLI, even after controlling for such precursors as 
working memory and nonverbal intelligence. In kindergartners with SLI, the relationship 
between grammatical ability and early numeracy has not been examined yet.
 From the research conducted so far, there is clear evidence that general intelligence, 
working memory, naming speed, phonological awareness, and grammatical ability can all 
be seen as relevant predictors of early numeracy skills. However, these possible precursors 
have not been studied in one design. Insofar research has been done, the focus was on a 
limited number of predictor measures only. Moreover, most studies involved older children 
in grade 1 or grade 2 who already had been receiving formal arithmetic education. No 
attempt has been made to include both NLA children and children with SLI at kindergarten 
level in one and the same study. Therefore, in the present study a multiple-factor design 
was followed, taking into account all of the aforementioned possible precursors to early 
numeracy in SLI children at kindergarten level and their peers with NLA. In this study, we 
therefore addressed the following research questions:

1 To what extent do children with SLI and children with NLA differ in their early 
numeracy skills?

2 Which precursors can be related to the early numeracy skills of children with SLI 
and children with NLA? 

 With respect to the first research question, it was expected that children with SLI 
would differ on verbal numeral skills, but not on nonverbal numeral skills (Arvedson, 
2002; Fazio, 1994), when compared to children with NLA. In addition, we also expected 
differences between the two groups on working memory (Alloway & Archibald, 2008; 
Gathercole & Baddeley, 1990), naming speed (Miller et al., 2001; Montgomery & Windsor, 
2007), phonological awareness, and grammatical ability (Bishop & Snowling, 2004).
 With respect to the second research question, it was expected that naming speed 
would be an additional factor in explaining the verbal numeracy skills (i.e., logical operations, 
numeral representations) of children with SLI. Furthermore, it was also expected that logical 
operations and numeral representations would be highly dependent on linguistic ability 
(i.e., phonological awareness and grammatical ability) (Cowan et al., 2005; Krajewski & 
Schneider, 2009). With respect to numeral estimations, our final expectation was that this 
early numeracy construct would be unrelated to linguistic ability, because children with SLI 
score at age appropriate levels on numeral estimations (Fazio, 1994; 1996). 
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Method 

Participants

 Three schools for mainstream elementary education and four schools for special 
education participated in the present study. This resulted in a group of 111 children (Mage 72.70 
months, age range 64-86 months) from mainstream primary education and 61 children (Mage 
73.95 months, age range 59-85 months) with SLI from special education. SLI was diagnosed 
by an interdisciplinary team consisting of educational psychologists, clinical linguists, speech 
therapists, and a physician. In the Netherlands, the diagnosis of SLI is given when the child has 
severe problems in receptive or productive language domains (> 1.5 SD on a minimum of two 
subtests out of a standardized series of tests). These problems should not be the direct result of 
intellectual, sensory, motor, or physical impairments. In the present study, children with hearing 
impairments (> 30 dB) and children with autistic spectrum disorders (ASD) were not included. 
Although the children with SLI were tested on having normal nonverbal cognitive capacities 
before they entered special education, the Raven’s Coloured Progressive Matrices (CPM) (Raven, 
1956) was nevertheless administered as a control measure. The average standard score (M = 5; 
SD = 2) for this group was 4.42, indicating a normal level of nonverbal intelligence. Furthermore, 
there were no differences in age (p = .135) and socio-economic status (Mses 2.02, range between 
one (no postsecondary education) and four (academic education), p = .210) between the two 
groups under investigation. Both groups of children spoke Dutch as their native language. Parents 
gave their passive consent for participation of their child. All children attended kindergarten and 
were in the year prior to formal reading and arithmetic education in first grade.

Materials

Predictor measures. 

 General intelligence. The Raven’s Coloured Progressive Matrices (Raven, 1956) was 
used to assess the level of general intelligence. In this task the child had to solve 36 puzzles, 
with increasing difficulty. In each puzzle, a visual pattern was presented, including a missing 
piece. The child had to choose out of six alternatives the correct piece that was missing in the 
puzzle. The correct answers were counted and converted on the basis of the Dutch norms to a 
standard score. Chronbach’s alpha was .90, indicating good reliability (Van Bon, 1986).
 Working memory: Central executive functioning. Central executive functioning 
was measured using the Number Recall subtest from the Kaufman Assessment Battery for 
Children, second edition (KABC-II) (Kaufman & Kaufman, 2004). In this test the child had to 
recall a sequence of digits in backward order, with the number of digits increasing as the test 
progresses. An interval of one second was left between each digit. Testing was terminated 
after three consecutive failures. The correctly recalled sequences were counted. The internal 
consistency for this task was good (Kaufman, Lichtenberger, Fletcher-Janzen, & Kaufman, 
2005; Cronbach’s α = .85). 
 Working memory: Phonological loop. The phonological loop was measured, using the 
subtest Woorden en Zinnen Nazeggen [Repeating Words and Sentences] from the ESM toets [Test 
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for Children With SLI] (Verhoeven, 2005). In the first part of this test, the subject had to correctly 
recall 12 sequences of words. The number of words increases as testing progresses. An interval 
of one second was left between each word. In the second part of this test, the subject had to cor-
rectly recall 12 sentences, with increasing difficulty. In both parts, testing was terminated when 
the subject failed on four consecutive trails. The correctly recalled sequences or sentences were 
counted. The internal consistency was good, with a Cronbach’s alpha of .88 (Verhoeven, 2005).
 Working memory: Visual-spatial sketchpad. The subtest Geheugenspan [Memory 
Span] from the Revisie Amsterdamse Kinder Intelligentie Test [Revision Amsterdam Child 
Intelligence Test] (RAKIT) (Bleichrodt, Drenth, Zaal, & Resing, 1987) was used to measure 
the visual-spatial sketchpad. A sequence of abstract figures was presented on paper, and the 
task of the child was to reproduce the sequence using little blocks with the abstract figures 
depicted on them. The number of abstract figures increases as testing progresses. Testing 
was terminated after three consecutive failures. The correctly reproduced sequences were 
then counted. The internal consistency was good (Chronbach’s alpha = . 82).
 Naming speed. The subtest Rapid naming: Plaatjes [Rapid Naming: Pictures] from the 
ESM toets [Test for Children With Specific Language Impairment] (Verhoeven, 2005) was used 
to measure naming speed. All 120 items were presented on a five-column card and consisted 
of five high frequent randomly presented, one-syllabic words: schoen [shoe], eend [duck], bril 
[glasses], huis [house], and kam [comb]. After practicing ten items, the subject had to name as 
many pictures as possible within a minute. The correctly named pictures were counted. The 
internal consistency for this test was good (Chronbach’s alpha = .95; Verhoeven, 2005). 
 Phonological awareness. Phonological awareness was measured using the 
Screeningsinstrument Beginnende Geletterdheid [Diagnostic Instrument for Emerging 
Literacy] (Vloedgraven, Keuning, & Verhoeven, 2009). The test consisted of four separate 
tasks. Each task started with the presentation of three response alternatives both visually 
and auditory, followed by the auditory presentation of the target word. First, during rhyming, 
the task of the child was to select the picture that rhymed with the target word. Second, 
during the blending task, three pictures were presented to the subject. Instead of hearing a 
word, only the initial letter was mentioned. The subject had to click on the corresponding 
word, which also started with the same initial letter. Third, during the synthesis task, the 
subject heard one of three pictures in a letter-sound sequence. It was up to the participant 
to indicate which of the three pictures corresponded with the presented letter-sound 
sequence. Finally, during the receptive letter knowledge task, four lowercase letters were 
visually presented on a computer screen. One of these letters was pronounced. The task of 
the child was to select the correct letter. The number of correct answers resulted in a score 
on each skill. The reliability of each task was good (Chronbach’s alpha > .90).
 Grammatical ability. Grammatical ability was measured by three separate grammar 
tasks from the Taaltoets Alle Kinderen [Language Test for All Children] (Verhoeven & Vermeer, 
1993). On each task, a sentence was presented to the subject that corresponded with one of three 
pictures. On each task, a different skill of grammatical ability was assessed. First, 42 items that 
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all contained different kinds of function words (e.g., “Which glass is full?”) were presented to the 
child. Second, the child heard 32 sentences structures (e.g., “She pushes him”), and finally, the child 
heard 32 sentences that all reflect different kinds of nuances (e.g., “The glass is not full yet”). On 
each task, all correct answers were counted. The internal consistency (Cronbach’s alpha) of each 
task was at least .82, indicating a good reliability (Verhoeven & Vermeer, 2006).

Criterion measures.

 The Utrechtse Getalbegrip Toets-Revised [Utrecht Early Numeracy Test-Revised] (Van 
Luit & Van de Rijt, 2009) was used to identify the level of early numeracy of the children. This 
test consists of nine different tasks that are indicators of early numeracy (Van Luit & Van de 
Rijt, 2009). On each task, the subject had to perform five consecutive items. All correct answers 
were counted. Internal consistencies of these tasks were .90 on average. This can be considered 
as good reliability (Van Luit & Van de Rijt, 2009). A Principal Component Analysis (PCA) with 
varimax rotation on the early numeracy tasks revealed a three factor distinction, together 
explaining 68.82 per cent of the variance in early numeracy skills. All factors had eigenvalues 
>1 and explained at least 11.20 per cent of the variance in early numeracy skills. One factor 
included logical operations, another factor consisted of numeral representations, and the third 
factor consisted of numeral estimations. The results are presented in Table 1.

Table 1
Results of the Principal Component Analysis on the Early Numeracy Tasks (n = 172)

Factor 1 Factor 2 Factor 3

Task
Logical 
operations

Numeral 
representations

Numeral 
estimations

Comparison .691 .239 .164
Linking quantities .844 .068 .010
Correspondence .588 .394 -.161
Seriation .745 .358 .026
Counting .296 .795 .041
Synchronous counting .151 .815 .046
Resultative counting .311 .789 -.133
Applying knowledge of number system .187 .729 .254
Numeral estimations .039 .073 .958

Eigenvalue 1.118 4.068 1.008
Percent explained variance 12.421 45.200 11.197

Note. Factor loadings > .50 are presented in bold face.

 Logical operations. First, during comparison, the subject had to compare the 
qualitative and quantitative aspects of several items. For instance: “On these pictures you 
see some men. Which of these men is the biggest?” Second, during, linking quantities, the 
participant had to group several items using criteria specified by the tester. For instance: 
“On which of these pictures you do not see a a group of five?” During the third task, 
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correspondence, the subject had to apply a one-to-one relationship by comparing absolute 
quantities. For instance: “On this picture you see three busses. Which of these pictures has 
as much dots as the three busses you see here” Fourth, during seriation, the subject had to 
arrange items on the basis of their external appearance. For instance: “On which picture you 
can see the apples arranged from big to small?” 
 Numeral representations. First, during counting, the subject was asked to count 
from a certain point back and forward. Knowledge of ordinal and cardinal aspects of the 
number system was also assessed. For instance: “Count to twenty”. Second, during sequential 

counting, the subject had to count sequentially and then by intervals, using the structure of 
dice. For instance: “How many dots do you see on the dice?” During the third task, counting 

quantities, each subject had to count organized and disorganized quantities, without using 
such visual aids as fingers or hands. For instance: “How many pions are there on the table?” 
Finally, during applying knowledge of the number system, the subjects had to apply knowledge 
of the number system to a variety of daily situations. On each item, children could choose 
one out of three possibilities. For instance: “I have twelve cakes and I eat seven of them. How 
many cakes are left?” 
 Numeral estimations. During numeral estimations, five items with each a different 
number line, were presented. In this task, the participant had to point the location of the 
number, provided by the tester. For instance: “On which place on the number line you should 
place the number nineteen?” 

Procedure

 Eight testers were trained by an educational psychologist before they went to the 
schools to administer various tests. All tests were divided in four blocks, half an hour each, 
and each child was tested individually in a quiet room in their own school. The first block 
contained all cognitive measures (e.g., general intelligence, working memory, rapid naming). 
The second and third block contained all linguistic measures (e.g., phonological awareness, 
grammatical ability) and finally, early numeracy skills were assessed in the fourth block. 
The blocks were presented at random, but the tests within a block were administered in the 
same order. Each child was assigned to one tester.

Results

Descriptive Statistics

 To answer the first research question, on differences between the group of children 
with SLI and the group of NLA children, t-tests for independent samples with Holm-
Bonferroni correction (Holm, 1979) were used. The results indicated lower scores for the 
group of children with SLI on all predictor and criterion measures, with the exception of 
numeral estimations. Effect sizes (d) varied between 0.490 and 1.863. The results of the 
t-tests, along with the descriptive statistics and effect sizes are presented in Table 2. 
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Table 2
Descriptive Statistics for the SLI group (n= 61) and NLA group (n=111); Results on the t-tests for Independent 
Samples; and Cohen’s d 

SLI NLA

Variable M SD M SD t d

General intelligence 4.42 2.391 4.88 2.773 1.098 0.168

Central executive functioning 1.69 1.432 3.94 1.509 9.516*** 1.530

Phonological loop 6.54 4.007 13.78 5.309 10.072*** 1.539

Visual-spatial sketchpad 3.51 1.534 5.59 1.885 7.400*** 1.210

Naming speed 33.87 12.688 40.06 12.566 3.082*** 0.490

Phonological awareness

Rhyming 6.20 2.136 9.18 1.265 9.989*** 1.698

Blending 4.80 2.040 7.87 2.347 8.574*** 1.396

Synthesis 5.28 2.325 8.41 1.946 9.391*** 1.460

Letter knowledge 11.52 5.497 21.34 5.738 10.871*** 1.748

Grammatical ability

Function words 29.26 4.434 35.66 3.038 10.043*** 1.683

Sentences structures 20.54 4.898 27.88 2.655 10.864*** 1.863

Nuances 21.67 4.065 26.86 3.035 8.729*** 1.447

Logical operations

Comparison 3.51 1.260 4.67 0.778 6.529*** 1.108

Linking quantities 1.95 1.023 3.43 1.125 8.526*** 1.376

Correspondence 3.15 0.980 3.91 0.968 4.919*** 0.780

Seriation 2.07 1.401 3.71 1.155 8.280*** 1.277

Numeral representations

Counting 0.79 1.082 2.83 1.368 10.756*** 1.654

Synchronous counting 1.33 1.313 2.50 1.458 5.202*** 0.843

Resultative counting 1.64 1.304 3.04 1.341 6.598*** 1.058

Applying knowledge of number system 1.80 1.195 2.77 1.234 4.996*** 0.799

Numeral estimations 2.15 1.223 2.26 1.512 0.536 0.080

*** p < .001.

Precursors to Early Numeracy Skills

 To answer the second research question, we first computed the correlations 
between the predictor measures (i.e., general intelligence, working memory, naming 
speed, phonological awareness, and grammatical ability) and criterion measures (i.e., 
early numeracy constructs). As can be seen in Table 3, nearly all predictor measures were 
significantly correlated with the criterion measures. We then conducted a hierarchical 
regression analysis for each early numeracy construct. Because interaction terms are prone 
to multicollinearity (Jewell, 2004), we centered all predictor variables before performing the 
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regression analyses, by subtracting the mean on all observations for each predictor variable. 
In step 1, we included the predictor measures, including a Group variable (NLA = 0, SLI = 1). 
In step 2, all corresponding interaction terms were added to explore additional differences 
between the two groups under investigation. 
 With respect to logical operations and numeral representations, the results showed 
significant effects of both phonological awareness and grammatical ability. Moreover, we 
found an interaction between Group and Naming speed on both logical operations and 
numeral representations. These interactions were further investigated with separate 
correlational analyses between logical operations and numeral representations on the one 
hand, and each group (NLA and SLI) with naming speed on the other hand. For the SLI group, 
the results showed significant relationships between naming speed and logical operations (r 
= .51, p < .001) and naming speed and numeral representations (r = .67, p < .001), whereas 
no significant relations were found for the NLA group (logical operations: r = .01, p = .956; 
numeral representations: r = -.10, p = .279). 
 With respect to numeral estimations, the results only showed effects of both general 
intelligence and the visual-spatial sketchpad. The results are presented in Table 4. 
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Table 4
Precursors to Numeracy Skills in Kindergarten (n= 172)

Logical 
operations

Numeral 
representations

Numeral 
estimations

Variable β β β

Step 1

General intelligence .018 .099 .192*

Central executive functioning .129 .082 .059

Phonological loop .018 .081 -.094

Visual-spatial sketchpad -.040 .036 .223*

Naming speed .105 .012 .132

Phonological awareness .195* .217* .088

Grammatical ability .333** .347*** .065

Group .187* -.049 .197

R²adj .558*** .505*** .097**

Step 2

Group x General intelligence - - -

Group x Central executive functioning - - -

Group x Phonological loop - - -

Group x Visual-spatial sketchpad - - -

Group x Naming speed .213*** .250** -

Group x Phonological awareness - - -

Group x Grammatical ability - - -

∆R² .036* .043* .056

R²adj .578*** .520*** .117**

Note. Only significant interaction effects are displayed. 
* p < .05. ** p < .01. *** p < .001.

Conclusions and Discussion

 In the present study, we examined which precursors predict early numeracy skills in 
children with SLI. It was first investigated in what way children with SLI differed from their 
NLA peers in early numeracy skills. Second, we examined which precursors contributed to 
the acquisition of early numeracy skills in children with SLI and children with NLA.
 The results confirmed our expectation in finding lower scores for children with 
SLI in phonological awareness, grammatical ability (Bishop & Snowling, 2004), working 
memory skills (Alloway & Archibald, 2008; Gathercole & Baddeley, 1990), and naming speed 
(Miller et al., 2001; Montgomery & Windsor, 2007), when compared to NLA-children. The 
children with SLI also scored lower on verbal numeral skills (i.e., logical operations, numeral 
representations), but not on nonverbal numeral skills (i.e., numeral estimations). 
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 With respect to logical operations and numeral representations, we found naming 
speed to be a predictor of verbal early numeracy skills in children with SLI. Furthermore, 
the results showed significant effects of both phonological awareness and grammatical 
ability on logical operations and numeral representations. No additional effects of general 
intelligence and working memory were found, although the correlation matrix (see Table 
3) showed significant correlations between general intelligence, the various working 
memory measures, and verbal numeracy skills. Most likely, verbal numeracy skills are highly 
dependent on linguistic input. This might also explain why we did find effects of general 
intelligence and the visual-spatial sketchpad on numeral estimations, as this early numeracy 
construct was unrelated to linguistic ability (i.e., phonological awareness, grammatical 
ability).
 In line with former research (cf. Arvedson, 2002; Fazio, 1994, 1996), the present 
study confirmed that children with SLI perform worse on verbal early numeracy tasks, but 
do not differ on nonverbal tasks, when compared to their NLA peers. The present study, 
however, was the first to provide a framework in which these differences could be better 
understood: Children with SLI perform worse on verbal early numeracy tasks, because these 
tasks are highly dependent on linguistic input, especially when contrasted to nonverbal early 
numeracy skills. 
 There seems to be a crucial role of naming speed in predicting verbal early numeracy 
skills in children with SLI (cf. Koponen et al., 2006). Previous research already found 
naming speed to be a factor in explaining linguistic difficulties (Montgomery & Windsor, 
2007) of children with SLI. As children with SLI have problems in retrieving and integrating 
linguistically encoded representations (i.e., counting words, arithmetic conceptual 
knowledge) from long-term memory, this may also lead to difficulties in acquiring verbal 
numeral skills, which has indeed been found in the present study. 
 The question rises if the role of both naming speed and linguistic ability will 
remain to be of influence in the acquisition of basic arithmetic skills in grade 1 and further. 
According to Dehaene and colleagues (2003), both simple addition and multiplication items 
are highly dependent on phonological representations that underpin the storage of these 
facts in long-term memory. Moreover, grammatical ability was also found to play a role in 
arithmetic (Baldo & Dronkers, 2007). Correspondingly, one could expect that children with 
SLI may encounter problems in arithmetic too. Furthermore, given that naming speed also 
plays a crucial role in the acquisition of early arithmetical ability (Fuchs et al., 2005), it can 
be expected that problems in retrieval of arithmetic facts from long-term memory may also 
result in lower scores on arithmetic ability, when compared to NLA children. 
 A limitation of the present study was that all skills were measured during one point 
of time. To further disentangle the role of both naming speed and linguistic ability in the 
development of early numeracy skills, the results of the present study are in need for 
longitudinal replication. Another suggestion for future research is to also take into account 
home numeracy practices (LeFevre et al., 2009). Parents may play an important role in the 
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facilitation of early numeracy skills: Not only child factors are crucial in the development of 
early numeracy skills, but environmental factors like the home numeracy environment may 
also be related to the acquisition of early numeracy in children with SLI.
 From the present study, it can be concluded that kindergartners with SLI have lower 
scores in verbal numeracy skills because of their impaired linguistic abilities and naming 
speed. This has some important implications for the clinical field. First, next to general 
intelligence and working memory, linguistic factors and naming speed should be taken 
into account, when performing clinical assessment. Furthermore, the results highlighted 
the role of naming speed as an additional factor in predicting the verbal numeracy skills of 
kindergartners with SLI. Given that children with SLI already have lower verbal numeracy 
skills before the start of formal arithmetic education, early numeracy interventions should 
begin as soon as possible to prevent further delays. However, De Jong & Oude Vrielink 
(2004) indicated that naming speed may be hard to train as it requires a speed up of the 
retrieval process itself. Therefore, intervention should focus on the use of compensative 
numeracy strategies in order to prevent that this group of children will encounter difficulties 
in learning arithmetic in grade one and further. More importantly, as children with SLI have 
impaired working memory skills, teaching methods should only offer a limited amount of 
counting related strategies at a time. Finally, classroom practitioners should be made aware 
that the severe delays in language of children with SLI are not only restricted to language 
acquisition, but also have serious consequences for the development of key concepts in early 
numeracy skills. 
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Naming speed as a clinical 

marker in predicting basic 

calculation skills of children with 

Specific Language Impairment4

4 Reference: Kleemans, T., Segers, E., & Verhoeven, L. (2012). Naming speed as a clinical 
marker in predicting basic calculation skills in children with specific language impairment. 
Research in Developmental Disabilities, 33(3), 882-886. doi:10.1016/j.ridd.2011.12.007
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Abstract

 The present study investigated the role of naming speed in predicting the basic 
calculation skills (i.e., addition and subtraction) of kindergartners with Specific Language 
Impairment (SLI), when compared to a group of Normal Language Achieving (NLA) 
children. Fifty-three kindergartners with SLI and 107 kindergartners with NLA were tested 
on cognitive, linguistic, and basic calculation skills. The results showed that phonological 
awareness, grammatical ability, general intelligence, and working memory accounted for 
the variation in the basic calculation skills of both groups. However, an additional effect of 
naming speed on both addition and subtraction was found for the group of children with SLI, 
suggesting that naming speed may act as a clinical marker in identifying those children who 
are likely to develop problems in basic calculation skills.
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Introduction

 Proficiency in basic calculation skills (i.e., addition and subtraction) is one of the most 
important goals in primary education. The ability to add or subtract in an efficient way is first 
preceded by having mastered the basic principles of counting and arithmetic conceptual 
knowledge (i.e., early numeracy skills) (Desoete & Grégoire, 2006; Nunes & Bryant, 1996). 
Previous research has shown that both addition and subtraction can be seen as different types 
of mental calculations underlying basic arithmetic skills (Dehaene, Molko, Cohen, & Wilson, 
2004; Dehaene, Spelke, Pinel, Stanescu, & Tsivkin, 1999), and the attainment of these skills is 
highly dependent on linguistic ability (Dehaene, Piazza, Pinel, & Cohen, 2003). For those who 
have severe delays in language, this may have serious consequences for learning arithmetic 
in the early years of primary education. Children with SLI have impaired linguistic abilities-
not caused by hearing loss, physical disabilities, and/or environmental influences-, but have 
a nonverbal intelligence within normal range (Bishop, 1992). These children indeed score 
below their Normal Language Achieving (NLA) peers on basic calculation skills (Cowan, 
Donlan, Newton, & Lloyd, 2005; Fazio, 1999; Koponen, Mononen, Räsänen, & Ahonen, 2006). 
However, there is scarce knowledge about what cognitive and linguistic factors underlie the 
problems in addition and subtraction, while further insight during acquisition in childhood 
is crucial to prevent further delays (Kaufmann, 2008). Recently, it was suggested that naming 
speed could be an important factor in predicting basic calculation skills of children with SLI 
(Koponen et al., 2006). In the present study, we aimed to investigate to what extent naming 
speed differentially predicts the development of basic calculation skills in children with SLI 
and their NLA peers, and can thus be seen as a clinical marker for children with SLI. 

Cognitive and Linguistic Predictors of Basic Calculation Skills

 With respect to cognitive predictors, general intelligence and working memory clearly 
influence the development of basic calculation skills. The role of general intelligence in early 
arithmetic has been identified in both children with SLI (Cowan et al., 2005) and children 
with NLA (De Smedt et al., 2009; Noël, 2009; Stock, Desoete, & Roeyers, 2009). With respect 
to working memory, researchers often differentiate between a central executive as primary 
system and a phonological loop and visual-spatial sketchpad as slave systems (Baddeley, 
1986). The central executive turned out to share some variance with general intelligence 
in explaining arithmetical ability, but should nevertheless be seen as separate predictors of 
arithmetical ability (Conway, Kane, & Engle, 2003). The phonological loop was found to play 
a role in addition, as this relies on active use of counting words (Noël, 2009). The visual-
spatial sketchpad turned out to be related to subtraction (Lee & Kang, 2002), because this 
requires active manipulation of the mental number line. 
 With respect to linguistic precursors, results from neurocognitive studies have shown 
that such linguistic factors as phonological awareness and grammatical ability are related to 
both addition and subtraction as well (e.g., Baldo & Dronkers, 2007; Dehaene et al., 2003). 
Following the phonological representations hypothesis (Simmons & Singleton, 2008), an 
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inability to process the phonological format of counting words, may cause problems in actively 
manipulating verbal codes during the solution process of simple arithmetical problems. 
Several studies have reported clear relationships between phonological awareness and 
basic calculation skills for children with NLA (cf. Hecht, Torgesen, Wagner, & Rashotte, 2001; 
Krajewski & Schneider, 2009). However, phonological awareness as a precursor measure 
has not yet been taken into account in predicting the basic calculation skills of children with 
SLI. 
 Furthermore, grammatical ability was found to be substantially related to simple 
addition problems in adult laesie patients (Baldo & Dronkers, 2007). Kleemans, Segers, and 
Verhoeven (2011) found a relationship between grammatical ability and early numeracy 
skills of kindergartners with NLA and SLI, and Cowan et al. (2005) found unique effects of 
grammatical ability on basic calculation skills (i.e., addition and subtraction) in 8-year old 
children with SLI after controlling for general intelligence and working memory. 

Role of Naming Speed in Predicting Basic Calculation Skills 

 More recently, Koponen et al. (2006) suggested that the role of naming speed in 
predicting basic calculation skills of children with SLI deserved further exploration as 
both naming speed and basic calculation skills rely heavily on fast retrieval of the correct 
answer from long-term memory (Koponen, Aunola, Ahonen, & Nurmi, 2007). Naming speed 
is generally slower in children with SLI than in typically developing children, but much 
variability exists in the level in which naming speed of these children is impaired (Miller, Kail, 
Leonard, & Tomblin, 2001). From this point of view, for those children with SLI who have 
little problems in fast retrieval of linguistically dependent representations from long-term 
memory, naming speed might act as a compensatory mechanism to reduce the problems 
in early arithmetic. Naming speed should then predict learning success in basic calculation 
skills in children with SLI, when controlling for other cognitive and linguistic precursors 
of basic calculation skills. Indeed, naming speed has been found to predict verbal early 
numeracy skills of kindergartners with SLI, when other cognitive and linguistic precursors 
were taken into account (Kleemans et al., 2011). It remains an open question as to whether 
this effect would hold in predicting basic calculation outcomes in grade 1 as well.

The Present Study

 There is clear evidence that children with SLI score below children with NLA on 
basic calculation skills (i.e., addition and subtraction). Furthermore, there is evidence that 
cognitive (i.e., general intelligence and working memory) and linguistic precursors (i.e., 
phonological awareness and grammatical ability) are related to the development of basic 
calculation skills in both children with NLA and SLI. However, this evidence is scattered, as 
none of these studies included all relevant cognitive and linguistic precursors. It is thus not 
yet possible to determine which factors uniquely contribute to these results, especially since 
the role of naming speed has not been taken into consideration. This latter factor is most 
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interesting with regards to the SLI group, as they may use naming speed as a compensatory 
mechanism to reduce their problems in early arithmetic (Koponen et al., 2006). 
 In the present longitudinal study, we therefore examined which precursors, measured 
in the second year of kindergarten, are related to basic calculation skills one year later in 
first grade. Given the fact that both addition and subtraction are processed in different 
parts of the brain (Dehaene et al., 2003), both calculation skills were used as a criterion 
measure in the present study. More specifically, it was tested whether there were differences 
between children with SLI and NLA regarding the role of these precursors in both addition 
and subtraction. It was expected that these relationships were different in children with 
SLI, since their language is impaired, but their non-verbal cognition is not. The following 
research questions were addressed:

1 How do children with SLI and NLA differ in their basic calculation skills?
2 To what extent can the basic calculation skills of SLI and NLA children in grade 

one be predicted from cognitive (i.e., general intelligence, working memory) 
and linguistic factors (i.e., phonological awareness and grammatical ability), as 
measured in kindergarten? 

3 Does naming speed differentially predict basic calculation skills in children with 
SLI and their peers with NLA?

 With respect to the first research question, we expected that children with SLI would 
indeed show lower basic calculation skills (i.e., addition and subtraction) (Donlan, Cowan, 
Newton, & Lloyd, 2007; Koponen et al., 2006), when compared to children with NLA. We 
also expected that children with SLI would have lower scores on working memory skills 
(Alloway & Archibald, 2008; Cowan et al., 2005), phonological awareness, grammatical 
ability (Bishop & Snowling, 2004), and naming speed (Miller et al., 2001). With respect to 
the second research question, it was expected that intelligence and working memory, as well 
as phonological awareness and grammatical ability at kindergarten level would predict the 
basic calculation skills of NLA and SLI children in grade one (Cowan et al., 2005; Krajewski 
& Schneider, 2009). Finally, with respect to the third research question, it was expected 
that naming speed would be an additional factor in predicting the basic calculation skills of 
children with SLI only.

Method

Participants

 Three schools for mainstream primary education and four schools for special 
education in the Netherlands agreed to participate in the present study. All parents gave 
passive consent for participation of their child. This resulted in 111 NLA children (Mage 
72.70 months, age range 64-86 months) from mainstream primary education and 61 
children with SLI (Mage 73.95 months, age range 59-85 months) from special education at 
Time 1, in the second year of kindergarten. At Time 2, one year later, twelve children were 
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not available due to having moved or staying an extra year in kindergarten; thus, in first 
grade the sample contained 107 children (Mage 84.73 months, age range 77-98 months) from 
mainstream primary education and 53 children with SLI (Mage 85.94 months, age range 75-
97 months) from special education. Preliminary analysis per group showed that there were 
no differences on the predictor and criterion measures between the children who dropped 
out after kindergarten and the children who participated in first grade. 
 The present study was part of a longitudinal study on the role of cognitive and linguistic 
precursors in numeracy development. In the Netherlands, no formal reading and arithmetic 
education is given until first grade. Halfway through kindergarten, children are expected 
to gain phonological awareness (rhyming, blending) and knowledge of some letters of the 
alphabet. Furthermore, children learn to count objects forward and backward (e.g., apples) 
with and without hands and they should be able to solve elementary arithmetical problems 
(e.g., one apple plus one apple makes two apples). Halfway through first grade, children 
are supposed to read one-syllable words. Furthermore, they are expected to successfully 
solve simple addition and subtraction problems (i.e., arithmetical problems that do not 
contain carryover operations) (Van der Stap, 2009). All children spoke Dutch as their native 
language. 
 The diagnosis of SLI was given by an interdisciplinary team consisting of educational 
psychologists, clinical linguists, speech therapists, and a physician. In the Netherlands, 
SLI is diagnosed when the child has severe problems in receptive or productive language 
domains (> 1.5 SD on a minimum of two subtests out of a standardized series of tests). 
These problems should not be the direct result of intellectual, sensory, motor, or physical 
impairments. In the present study, children with hearing impairments (> 30 dB) and 
children with autistic spectrum disorders (ASD) were not included. Although the children 
were tested on having normal nonverbal capacities before they entered special education, 
we nevertheless administered Raven’s Coloured Progressive Matrices (CPM) (Raven, 1956) 
as a control measure. The average standard score for the group of children with SLI was 4.50 
(M = 5; SD = 2), indicating a normal level of nonverbal intelligence. Furthermore, the two 
groups of children did not differ in socioeconomic status (p = .313, range between 1 = no 
postsecondary education and 4 = completed university) and age (p = . 128).

Materials 

Predictor measures (Time 1: kindergarten).

 General intelligence. General intelligence was assessed by using the Raven’s 
Coloured Progressive Matrices (Raven, 1956). This test consisted of 36 visual patterns, with 
increasing difficulty. In each puzzle, a piece was missing and the child had to choose the 
missing piece out of six alternatives. All correct answers were counted and converted into 
Dutch norm scores (Van Bon, 1986). The internal consistency of this measure was good 
(Cronbach’s alpha = .90; Van Bon, 1986).
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 Working memory: Central executive functioning. The Number Recall subtest 
from the Kaufman Assessment Battery for Children, second edition (KABC-II) (Kaufman & 
Kaufman, 2004) was used to measure central executive functioning. A sequence of digits was 
presented to the subject. The child had to recall this sequence in backward order. The number 
of digits increased as the subject progressed through the test. An interval of one second 
was left between each digit. After three consecutive failures, testing was terminated. The 
number of correctly recalled sequences was counted. Cronbach’s alpha was .85, indicating 
good reliability (Kaufman, Lichtenberger, Fletcher-Janzen, & Kaufman, 2005).
 Working memory: Phonological loop. The phonological loop was measured, using 
the subtest Woorden en Zinnen Nazeggen [Repeating Words and Sentences] from the ESM 

toets [Test for Children With SLI] (Verhoeven, 2005). In the first part of this test, the subject 
had to correctly recall 12 sequences of words, with increasing difficulty. An interval of one 
second was left between each word. In the second part of this test, the subject had to correctly 
recall 12 sentences, with increasing difficulty. In both parts, testing was terminated when 
the subject failed on four consecutive trails. The number of correctly recalled sequences or 
sentences was counted. The internal consistency was good, with a Cronbach’s alpha of .88 
(Verhoeven, 2005).
 Working memory: Visual-spatial sketchpad. To assess the visual-spatial sketchpad, 
we used the subtest Geheugenspan [Memory Span] from the Revisie Amsterdamse Kinder 

Intelligentie Test [Revision Amsterdam Child Intelligence Test] (RAKIT) (Bleichrodt, Drenth, 
Zaal, & Resing, 1987). In this test, a sequence of abstract figures was presented on paper. 
The subject had to correctly reproduce this sequence, by using little blocks on which these 
abstract figures were depicted. The number of abstract figures increased when the child 
progressed through the test. After three consecutive failures, testing was terminated. All 
correctly reproduced sequences were then counted. Cronbach’s alpha was .82, indicating 
good reliability.
 Phonological awareness. The Screeningsinstrument Beginnende Geletterdheid 
[Diagnostic Instrument for Emerging Literacy] (Vloedgraven, Keuning, & Verhoeven, 2009) 
was used to measure phonological awareness. The participant had to complete four separate 
tasks. On the first three tasks, three response alternatives were presented both visually 
and auditory, followed by the auditory presentation of the target word. Each task had a 
good reliability (Chronbach’s alpha > .90). First, during rhyming, the child had to select the 
picture that rhymed with the target word. Second, during the blending task, the participant 
only heard the initial letter of a word and had to click on the corresponding word, which 
also started with the same initial letter. Third, during the synthesis task, the subject had to 
indicate which auditory presented letter-sound sequence corresponded with one of the 
three pictures. Finally, during the receptive letter knowledge task, the task of the child was to 
select one of four lowercase letters that was pronounced by the computer. 
 Grammatical ability. Three separate grammar tasks from the Taaltoets Alle Kinderen 
[Language Test for All Children] (Verhoeven & Vermeer, 1993) were used to measure 
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grammatical ability. On each task, a sentence was presented to the subject that corresponded 
with one of three pictures. Each task assessed a different skill of grammatical ability. First, 
42 items that all contained different kinds of function words (e.g., “Which glass is full?”) 
were presented to the child. Second, 32 sentences structures (e.g., “She pushes him”) were 
presented to the child. Finally, the subjects heard 32 nuances (e.g., “The glass is not full yet”). 
The number of correct answers resulted in a score on each skill. The reliability (Cronbach’s 
alpha) of each task was .82 at least, indicating good reliability (Verhoeven & Vermeer, 2006).
 Naming speed. Naming speed was assessed by using the subtest Rapid naming: 

Plaatjes [Rapid Naming: Pictures] from the ESM toets [Test for Children With Specific 
Language Impairment] (Verhoeven, 2005). Pictures were used, instead of numbers or letters 
to prevent interaction with the linguistic and basic calculation tasks. In this task, 120 items, 
divided into five columns, were presented to the subject. All items consisted of five high 
frequent randomly presented words: schoen [shoe], eend [duck], bril [glasses], huis [house], 
and kam [comb]. After practicing ten items, the child had to name as many pictures as 
possible within a minute. All correctly named pictures were counted. Internal consistency 
measures showed excellent reliability (Cronbach’s alpha = .95; Verhoeven, 2005). 

Criterion measures (Time 2: first grade).

 Basic calculation skills: Addition and subtraction. Children’s ability to add and 
subtract was measured using E-prime software (Schneider, Eschmann, & Zuccolotto, 2002). 
The participant had to complete 40 single-digit additions and 40 single-digit subtraction 
problems. All arithmetical problems were in Arabic notation and did not contain carryover 
operations. The arithmetical items were presented in two separate sessions: first, the 
addition problems, followed by the subtraction items. In each session, the participant had to 
solve as many as possible arithmetical problems within a time limit of three minutes. Each 
arithmetical problem was preceded by an asterisk (i.e., ‘*’) to draw the child’s attention to 
the middle of the screen. Then, the item appeared in horizontal format. The participant had 
to administer the correct answer by using a numeric Universal Serial Bus (USB) keyboard, 
with the Arabic digits (i.e., 0-9) depicted on it. To prevent priming effects (Jackson & Coney, 
2007), the items were presented in quasi-random order so that an Arabic digit presented in 
either the problem or solution did not occur in a previous or following item. Furthermore, 
the subtraction items were derived as an inverse of the addition items (e.g., 3 + 5 = 8 and 
8 – 5 = 3 ). All correct answers were counted. Cronbach’s alpha was > .81, indicating good 
reliability. 

Procedure

 Data was collected halfway through the second year of kindergarten (Time 1) and one 
year later, halfway through first grade (Time 2). Eight testers were trained by an educational 
psychologist, before they went to the schools. All tests were divided in four blocks, half an 
hour each. The blocks were randomly presented to the child, whereas the same order of tests 
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was used within a block. Each child was assigned to one tester and all children were tested 
in a quiet room in their own school across a period of two months. 

Data Analysis

 To answer the first research question, on differences between the two groups under 
investigation, t-test for independent samples with Holm-Bonferroni correction (Holm, 
1979) were performed on each consecutive task. With respect to the second and third 
research question, a multi-group comparison using LISREL software (Jöreskog & Sörborn, 
1996) for Structural Equation Modeling (SEM) was then undertaken to test if the same 
precursors applied for the variation in basic calculation skills for both groups of children. To 
test this, LISREL was told to constrain all parameters to be equal for both groups. When the 
results did not show a good fit (i.e., the structural paths between the predictor and criterion 
measures were not the same in both groups), the modification indices were used to set free 
structural paths until the model reached acceptable fits. A path between a predictor variable 
and criterion variable was only set free when this would result in a significant drop of Chi-
Square.
 Several indices were used to evaluate model fit. First, the Chi-Square value should 
exceed .05 (Ullman, 2001). Second, the Root Mean Square Error of Approximation (RMSEA) 
should be smaller than .06 (Hu & Bentler, 1999) and the Standardized Root Mean Square 
Residual (SRMR) should be smaller than .08 (Jaccard & Wan, 1996). Finally, the Comparative 
Fit Index (CFI) and Non-Normative Fit Index (NNFI) should be over .95 (Hu & Bentler, 1999). 

Results

 With regard to the first research question, it was found that the children with SLI 
scored lower than the NLA group on all measures, with the exception of general intelligence, 
with effect sizes (d) varying between 0.400 and 2.461. The results, along with the descriptive 
statistics are presented in Table 1.
 To answer the second and third research question, a multi-group analysis using SEM 
was undertaken. The correlations between the predictor and criterion variables are shown 
in Table 2. The model was restricted in such a manner that the structural paths from the 
predictor measures to addition and subtraction should be the same for both groups. The 
error terms of both addition and subtraction were allowed to correlate. The goodness of fit 
statistics for the NLA group showed a 24.68% contribution to the overall Chi-square. For the 
group of children with SLI, this was 75.32 %. The results thus showed that the structural 
paths between the predictor measures and criterion measures were not the same for both 
groups (X²(17, N = 160) = 32.56, p = .013, RMSEA = .09, NNFI = .82, CFI = .96, SRMRNLA 
= .04, SRMRSLI = .08). Based on the modification indices, removing the equality constraint 
from naming speed to both addition and subtraction would result in a significant drop of 
Chi-Square. With this equality constraint removed, the model reached good fits (X²(15, N 
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= 160) = 16.76, p= .33, RMSEA = .00, NNFI = .98, CFI = 1.00 SRMRNLA = .04, SRMRSLI = .06).  
For the children with NLA, the model explained 25% of the variance in addition and 23% 
of the variance in subtraction. For the group of children with SLI, the percentage explained 
variance in addition and subtraction was 49% and 41% respectively. As can be seen in Figure 
1, general intelligence, phonological awareness, and grammatical ability turned out to be 
significantly related to addition and subtraction in both children with SLI and children with 
NLA. Furthermore, we found effects of the phonological loop on addition and the visual-
spatial sketchpad on subtraction. Finally, naming speed was found to predict addition and 
subtraction for the group of children with SLI only. 

Table 1
Descriptive Statistics for Children with NLA (n=107) and Children with SLI (n= 53); Results of t-tests for Inde-
pendent Samples; and Cohen’s d 

Task Group

NLA SLI

M SD M SD t d

General intelligence 4.95 2.746 4.50 2.436 1.008 0.160

Working memory

Central executive functioning 3.97 1.482 1.77 1.476 8.842*** 1.407

Phonological loop 13.87 5.350 6.53 4.046 9.669*** 1.681

Visual-spatial sketchpad 5.63 1.871 3.43 1.474 7.456*** 1.186

Phonological awareness

Rhyming 9.22 1.127 6.11 2.100 10.090*** 2.461

Blending 7.90 2.371 4.81 1.981 8.165*** 1.299

Synthesis 8.43 1.933 5.26 2.288 9.163*** 1.458

Letter knowledge 21.63 5.703 11.66 5.087 10.772*** 1.714

Grammatical ability

Function words 35.68 3.014 29.34 4.081 10.040*** 2.231

Sentences structures 28.00 2.567 21.07 4.727 9.976*** 2.427

Nuances 26.91 3.017 21.83 3.761 9.212*** 1.466

Naming speed 39.95 12.767 34.55 12.928 2.511* 0.400

Basic calculation skills

Addition 27.33 8.838 15.47 8.990 7.947*** 1.264

Subtraction 17.75 7.732 11.07 7.798 5.130*** 0.816

*p < .05. *** p < .001.
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Table 2
Correlations between the Predictor Measures (i.e., General Intelligence, Working Memory, Naming Speed, Pho-
nological Awareness, Grammatical Ability) and the Criterion Measures (i.e., Addition and Subtraction) (n=160)

1 2 3 4 5 6 7 8 9

1. General intelligence -

2. Central executive functioning .189* -

3: Phonological loop .171* .532*** -

4. Visual-spatial sketchpad .121 .428*** .378*** -

5. Naming speed .094 .167** .191** .224* -

6. Phonological awareness .143* .547*** .604*** .424*** .229** -

7. Grammatical ability .277*** .513*** .618*** .407*** .227** .678*** -

8. Addition .289*** .504*** .540*** .373*** .264** .585*** .618*** -

9. Subtraction .285*** .369*** .420*** .356*** .170* .482*** .523*** .749*** - 

* p < .05. ** p < .01. *** p < .001. 

Figure 1. Precursors to basic calculation skills in children with NLA (n = 107) and children with SLI (n = 53).
Note. Non-significant pathways are displayed in grey.

* p < .05. ** p < .01. *** p < .001. 
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Conclusions and Discussion

 The present study investigated which precursors attributed to basic calculation skills 
in children with SLI. Three research questions were addressed. The first research question 
was on differences in basic calculation skills (i.e., addition and subtraction) between the 
group of children with SLI and their peers with NLA. The second research question focused 
on how cognitive and linguistic precursors predicted basic calculation skills in both SLI and 
NLA children. Finally, the third research question was whether naming speed differentially 
predicted the basic calculation skills of both SLI and NLA children. 
 With respect to the first research question, the results confirmed our expectation in 
finding lower scores on working memory skills (Alloway & Archibald, 2008; Cowan et al., 
2005), phonological awareness, grammatical ability (Bishop & Snowling, 2004), and naming 
speed (Montgomery & Windsor, 2007). Furthermore, the results of the present study also 
showed lower scores on both addition and subtraction for children with SLI. This is in line 
with earlier research on the basic calculation skills of children with SLI (Cowan et al., 2005; 
Koponen et al., 2006). 
 With respect to the second research question, we found general intelligence, 
phonological awareness, and grammatical ability to predict both addition and subtraction. 
The results of the present study therefore suggest that children with SLI have problems 
in basic calculation skills, mainly because these skills are related to linguistic ability (i.e., 
phonological awareness and grammatical ability). Moreover, we found significant effects 
of the phonological loop on addition, as this requires active use of counting words (Noël, 
2009), whereas the visual-spatial sketchpad predicted subtraction, because this relies on 
active manipulation of the mental number line (Lee & Kang, 2002). 
 With respect to the third research question, we found an additional effect of naming 
speed on both addition and subtraction for children with SLI. Kleemans et al. (2011) also 
found naming speed to be a unique factor in predicting the verbal numeracy skills of 
kindergartners with SLI, when other factors (i.e., general intelligence, working memory, 
naming speed, phonological awareness, and grammatical ability) are being taken into 
account. In addition to these findings, the longitudinal evidence of the present study extends 
previous research in showing that naming speed turned out to predict basic calculation 
skills in first grade as well. 
 Both naming speed and basic calculation skills rely heavily on fast retrieval of the 
correct answer from long-term memory (Koponen et al., 2007). Therefore, problems in 
retrieval of these linguistically stored representations may result in lower basic calculation 
skills. As can be seen in Table 1, the group of children with SLI showed lower scores on 
naming speed, when compared to their NLA peers. However, we only found a moderate effect 
size for the difference in naming speed between children with NLA and SLI, whereas large 
effect sizes were found between these groups for the other predictor measures (i.e., working 
memory, phonological awareness, grammatical ability). Given that much variability exists in 
the level in which naming speed is impaired in children with SLI (Miller et al., 2001), a better 
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naming speed may compensate for the problems in addition and subtraction. Furthermore, 
when other cognitive and linguistic predictor measures are taken into account, the positive 
standardized regression coefficients (see Figure 1) indicated that for the group of children 
with SLI, higher scores on naming speed resulted in higher scores on basic calculation skills. 
Therefore, the results of the present study suggest that the level of impaired naming speed 
may act as a clinical marker in identifying those children with SLI who may be at risk for 
developing insufficient basic calculation skills (cf. Koponen et al., 2006). Indeed, additional 
t-tests for independent samples with Holm-Bonferroni correction (Holm, 1979) showed 
that SLI children with lower naming speed (< -1 SD below the mean score of the NLA group) 
performed worse on both addition (p < .001) and subtraction (p < .01), when compared to 
those with SLI and higher naming speed (> -1 SD below the mean score of the NLA group). 
 Of course, several limitations apply to the present study. First, as children with SLI 
progress through primary education, arithmetical problems will become more complicated 
and simple number facts, such as small addition and multiplication problems, should 
become further automatized. Further insight into which cognitive and linguistic precursors 
are related to calculation skills in older children with SLI is necessary as these children are 
at risk to develop more profound delays in the field of arithmetic (Fazio, 1999). This could 
be taken into account in future research.
 Furthermore, although the present study provided evidence for the role of naming 
speed in basic calculation skills in children with SLI, the concept of naming speed is still 
being revised. In the present study, naming speed was assessed by measuring rate of access. 
From a clinical perspective, future research could also examine if other aspects of naming 
speed, such as automatic and effortful cognitive inhibition (cf. D’Amico & Passolunghi, 2009), 
may be related to basic calculation skills as well.
 To conclude, the present study showed naming speed to be a clinical marker in 
predicting basic calculation skills of kindergartners with SLI. This has some important 
implications for the clinical field. First, when assessing the basic calculation skills of children 
with SLI, educational psychologist should take naming speed into account as well. Second, 
given the strong relationship between linguistic skills and basic calculation skills (cf. Dehaene 
et al., 2003), field practitioners should be made aware of the fact that children with SLI not 
only have deficiencies in linguistic capacity, but also may develop lower basic calculation 
skills. As a consequence, intervention should focus on methods in which improving both 
linguistic skills and basic calculation skills go hand in hand and should start before the start 
of formal arithmetic education (i.e., pre-teaching), to prevent further delays. Finally, teachers 
should focus on the use of compensative strategies in solving arithmetical problems as De 
Jong & Oude Vrielink (2004) showed that improving naming speed may be difficult, because 
it requires a speed up of the retrieval process itself. As children with SLI have problems in 
handling a various amount of strategies (Fazio, 1999), providing them with a limited amount 
at a time, may be an effective way to reduce the delays in early arithmetic. 
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Abstract

 The present longitudinal study investigated the impact of Specific Language 
Impairment (SLI) on the development of basic arithmetic skills (i.e., canonical problems 
and advanced problems), when cognitive factors (i.e., general intelligence and working 
memory) are being controlled for. Forty-two children with SLI and 105 children with Normal 
Language Achievement (NLA) were tested on cognitive, linguistic, and basic arithmetic skills. 
The results showed that children with SLI score below their peers with NLA on arithmetic 
with canonical problems and have even more severe delays in arithmetic with advanced 
problems. Furthermore, phonological awareness and grammatical ability predicted the 
acquisition of basic arithmetic skills (i.e., canonical problems and advanced problems) in 
both children with SLI and their peers with NLA. Finally, the results indicated that naming 
speed can be seen as a clinical marker in identifying those children with SLI who are likely 
to develop problems in basic arithmetic skills.
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Introduction

 Language and arithmetic are among the most important subjects in primary education, 
and performance on these subjects is, to a certain extent, related. Evidence for the impact 
of language on arithmetic skills comes from children with Specific Language Impairment 
(SLI) (e.g., Cowan, Donlan, Newton, & Lloyd, 2005). Children with SLI have severe delays in 
language, but have a normal nonverbal intelligence (Bishop, 1992). Donlan, Cowan, Newton, 
and Lloyd (2007) found that children with SLI not only have language problems, but also 
score below their peers with Normal Language Achievement (NLA) on basic arithmetic 
skills (i.e., single-digit arithmetic with canonical problems and advanced problems). The 
ability to successfully solve advanced problem types (i.e., arithmetic problems with sums 
and minuends above 10 and less than 20 that contain carry-over operations) is preceded by 
having mastered canonical problem types (i.e., arithmetic problems with sums and minuends 
below 10). Previous research found the impaired linguistic skills of children with SLI to 
be an important source of explaining their delays in arithmetic with canonical problems 
(cf. Kleemans, Segers, & Verhoeven, 2012). However, it has not yet been disentangled how 
these skills relate to arithmetic with advanced problems, especially as phonological working 
memory as a cognitive factor was found to play a role as well (De Smedt et al., 2009). In 
the present study, we therefore addressed the question how arithmetic with canonical 
problems, on the one hand, and arithmetic with advanced problems, on the other hand, can 
be predicted from linguistic factors, with cognitive factors being controlled for. 

Linguistic Precursors of Basic Arithmetic Skills

 Previous neurocognitive research suggests that arithmetic with canonical problems 
and arithmetic with advanced problems can be seen as different types of mental calculations 
underlying basic arithmetic skills (Stanescu-Cosson et al., 2000), but each of these skills are 
highly related to the linguistic system (Dehaene, Piazza, Pinel, & Cohen, 2003). On a behavioural 
level, several linguistic skills are found to influence the acquisition of basic arithmetic. 
These are in the domain of phonological, lexical, and syntactical abilities. With respect to 
phonological skills, phonological awareness was found to uniquely predict small additions and 
small subtractions (i.e., canonical problems) as these are stored within a phonological format 
in long-term memory (Hecht, Torgesen, Wagner, & Rashotte, 2001; Simmons & Singleton, 
2008). Problems in retrieving those formats may therefore cause an inability to manipulate 
verbal codes during the solution process of arithmetic with canonical problems (De Smedt, 
Taylor, Archibald, & Ansari, 2010). With respect to lexical skills, both naming speed and basic 
arithmetic skills rely on fast and efficient retrieval of linguistically encoded representations 
(i.e., arithmetic fact retrieval) from long-term memory (Koponen, Mononen, Räsänen, & 
Ahonen, 2006). Finally, at the level of syntax, grammatical ability and basic arithmetic skills 
are assumed to be essentially based on the same procedural and syntactical rules (e.g., Hauser, 
Chomsky, & Fitch, 2002) as both develop by recursion and involve sequential constructions, 
based on abstract hierarchical representations (Chomsky, 1965; Jackendoff, 2002). 
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 Research on the influence of linguistic precursors on basic arithmetic skills in 
children with SLI showed grammatical ability to play a role in arithmetic with both canonical 
and advanced problems after controlling for cognitive capacity (i.e., working memory 
and intelligence) (Cowan et al., 2005). On top of this, Kleemans et al. (2012) also found 
phonological awareness to predict arithmetic with canonical problems in children with 
SLA and NLA, even after controlling for naming speed, general intelligence, and working 
memory. In their study, naming speed differentially predicted learning outcomes in small 
addition and subtraction problems in children with SLI, and may thus act as a clinical marker 
in identifying those children with SLI who are likely to develop problems in arithmetic with 
canonical problems (Kleemans et al., 2012). It remains an open question, however, as to 
whether these effects would hold in predicting performance in arithmetic with advanced 
problems in second grade as well. To solve large addition and subtraction problems, children 
generally use strategies that rely on either arithmetic fact retrieval or verbal counting 
(Siegler, 1996), and such strategies may rely on linguistic skills as well. 

Cognitive Precursors of Basic Arithmetic Skills

 However, it is important to mention that the unique contribution of phonological 
awareness, naming speed, and grammatical ability on basic arithmetic skills is far from clear 
as cognitive factors such as general intelligence and working memory may at the same time 
also be related to the development of basic arithmetic. The role of general intelligence in 
basic arithmetic skills (i.e., canonical problems and advanced problems) has been identified 
in both children with SLI (Cowan et al., 2005) and children with NLA (De Smedt et al., 2009; 
Noël, 2009; Stock, Desoete, & Roeyers, 2009). When relating working memory to basic 
arithmetic skills, most studies used Baddeley’s three componential model (Baddeley, 1986; 
2003). The primary system of this model is the central executive that controls, regulates, 
and monitors cognitive operations. Furthermore, the model consists of two slave systems 
that are used for storage of phonological information (i.e., phonological loop) and visual-
spatial information (i.e., visual-spatial sketchpad). Research into the role of the individual 
working memory components in arithmetic achievement is scarce as most studies did not 
include all working memory measures in predicting basic arithmetic skills. The central 
executive was found to share some variance with intelligence, but both should nevertheless 
be seen as unique predictor measures of arithmetic achievement (Conway, Kane, & Engle, 
2003). The phonological loop was found to play a role in the manipulation of verbally or 
phonologically encoded information (De Smedt et al., 2009; Hecht et al., 2001; Siegler, 1996), 
whereas the visual-spatial sketchpad was found to play a role in the manipulation of concrete 
representations such as fingers or objects (Rasmussen & Bisanz, 2005). 

The Present Study

 The aim of the present study was to identify which linguistic factors (i.e., phonological 
awareness, naming speed, and grammatical ability) are uniquely related to the acquisition 
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of basic arithmetic skills (i.e., canonical problems and advanced problems) in children with 
SLI and their peers with NLA, when their cognitive capacities (i.e., general intelligence and 
working memory) are being controlled for. The present study extended previous research 
in two ways. First, the present study examined to what extent children with SLI differ with 
their peers with NLA in basic arithmetic skills in second grade. Given that the solution 
process of arithmetic with advanced problems not only relies on linguistic skills, but also 
on phonological working memory (De Smedt et al., 2009), it was expected that children 
with SLI would have even more difficulties in solving advanced problem types. Second, 
the present study was a longitudinal study with the linguistic precursors and cognitive 
covariates collected at kindergarten, before the start of formal arithmetic education, and the 
basic arithmetic skills collected in second grade. Therefore, the present study allowed us to 
determine whether linguistic and cognitive precursors at kindergarten level predicted the 
acquisition of later basic arithmetic skills. The following research questions were addressed:

1 How do children with SLI and NLA differ in their basic arithmetic skills?
2 To what extent can the basic arithmetic skills of children with SLI and NLA in 

grade two be predicted from linguistic factors, as measured in kindergarten, with 
cognitive factors being controlled for? 

3 Does naming speed differentially predict basic arithmetic skills in children with SLI 
and NLA?

 With respect to the first research question, we expected that children with SLI would 
score below their peers with NLA on basic arithmetic skills, with larger group differences 
on arithmetic with advanced problems. With respect to the second research question, we 
expected that phonological awareness and grammatical ability at kindergarten level would 
predict performance in basic arithmetic skills (i.e., canonical problems and advanced 
problems) of children with SLI and NLA in second grade. With regard to the third and final 
research question, we expected that naming speed would differentially predict arithmetic 
with both canonical and advanced problems for children with SLI only. 

Method

Participants

 The present study was part of a longitudinal study on the role of cognitive and 
linguistic precursors in numeracy development. At Time 1, the group of participants 
consisted of 111 NLA children (Mage 72.70 months, age range 64-86 months) from three 
schools for mainstream primary education and 61 children with SLI (Mage 73.95 months, age 
range 59-85 months) from four schools for special education. All children spoke Dutch as 
their native language. At that time, the children were in the second year of kindergarten. At 
Time 2, two years later, twenty-one children dropped out of the study due to having moved 
or staying an extra year in kindergarten or first grade; thus, in second grade the sample 
contained 105 children (Mage 96.75 months, age range 89-110 months) from mainstream 



92

Chapter 6

primary education and 42 children with SLI (Mage 97.90 months, age range 87-109 months) 
from special education. The group of children who dropped out after kindergarten and 
the group of children who participated in second grade did not differ on the predictor and 
criterion measures. 
 In the Netherlands, no formal reading and arithmetic education is given until first 
grade. Halfway through kindergarten, children should have knowledge of some letters 
of the alphabet and are expected to gain phonological awareness (rhyming, blending). 
Furthermore, children learn to count objects forward and backward (e.g., apples) and they 
should be able to solve elementary arithmetic problems (e.g., one apple plus one apple 
makes two apples). Halfway through second grade, children are supposed to instantly 
retrieve the solution of canonical problem types (i.e., arithmetic problems with sums and 
minuends below 10). And it is also assumed that they successfully solve advanced problem 
types (i.e., arithmetic problems with sums and minuends above 10 and less than 20 that 
contain carryover operations) (Van der Stap, 2009). 
 In the Netherlands, SLI is diagnosed by a multidisciplinary team consisting of clinical 
linguists, educational psychologists, speech therapists, and a physician. The diagnosis of SLI 
is given when the child has severe problems in receptive or productive language domains (> 
1.5 SD on a minimum of two subtests out of a standardized series of tests) which are not the 
direct result of hearing loss, intellectual or physical disabilities, or environmental influences. 
Therefore, children with hearing impairments (> 30 dB) and children with autistic spectrum 
disorders (ASD) were excluded from the present study. Moreover, to ensure that the group of 
children had normal nonverbal capacities, the Raven’s Coloured Progressive Matrices (Raven, 
1956) was administered. The average standard score of the group of children with SLI was 
4.34 (M = 5.00, SD = 2.00), indicating a normal level of nonverbal intelligence. Furthermore, 
the two groups of children did not differ in socioeconomic status (p = .186, range between 1 
= no postsecondary education and 4 = completed university) and age (p = .183). 

Materials 

Predictor measures (Time 1: kindergarten).

 Phonological awareness. Phonological awareness was measured, using the 
Screeningsinstrument Beginnende Geletterdheid [Diagnostic Instrument for Emerging 
Literacy] (Vloedgraven, Keuning, & Verhoeven, 2009). This test consisted of four tasks. 
During the first three tasks (i.e., rhyming, blending, synthesis) three response alternatives 
(both visually and auditory) were presented, followed by the auditory presentation of the 
target word. The instructions for the subsequent part of each task differed. For rhyming, 
the child had to select the picture (e.g., “bee,” “ball,” “monkey”) that rhymed with the target 
word. (e.g., “What rhymes with wall?”) For blending, only the initial letter was heard and 
the child had to click on the word (e.g., “doll,” “fire,” “lamb”) starting with the same initial 
letter (e.g., “f for fox”). For synthesis, the child had to indicate which of the three pictures 
corresponded with an orally presented letter-sound sequence (e.g., “r-o-s-e”). Finally, for 
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receptive letter knowledge, four lowercase letters (i.e., graphemes) were visually presented 
on a computer screen (e.g., “l,” “r,” “f,” “s”). The child heard a phoneme and had to click on the 
corresponding grapheme (e.g., “l for lips”). The number of correct answers was the score on 
each task. Each task had a good reliability (Chronbach’s alpha > .81).
 Naming speed. The subtest Rapid naming: Plaatjes [Rapid Naming: Pictures] from 
the ESM toets [Test for Children With Specific Language Impairment] (Verhoeven, 2005) 
was used to assess naming speed. Pictures were used, instead of numbers or letters to 
prevent interaction with the linguistic and basic arithmetic tasks. In this task, five columns 
comprising 120 items were presented to the subject. All items consisted of five high frequent 
randomly presented words: schoen [shoe], eend [duck], bril [glasses], huis [house], and kam 
[comb]. After practicing ten items, the task of the child was to name as many pictures as 
possible within a minute. The correctly named pictures were counted. This task had an 
excellent reliability (Cronbach’s alpha = .95; Verhoeven, 2005).
 Grammatical ability. Grammatical ability was measured using three grammar tasks 
from the Taaltoets Alle Kinderen [Language Test for All Children] (Verhoeven & Vermeer, 
1993). On each task, three pictures were presented to the child, followed by the auditory 
presentation of a target sentence. The task of the child was to select the correct picture that 
corresponded with the target sentence. Each task assessed a different skill of grammatical 
ability. First, the child had to complete 42 items that all contained different kinds of function 

words. (e.g., “Which glass is full?”) Second, 32 sentences structures (e.g., “She pushes him”) 
were presented, and finally, the child heard 32 sentences that all reflect different kinds 
of nuances (e.g., “The glass is not full yet”). The number of correct answers was the score 
on each task. Cronbach’s alpha was at least .82, indicating good reliability (Verhoeven & 
Vermeer, 2006).
 General intelligence. The Raven’s Coloured Progressive Matrices (Raven, 1956) 
was used to measure general intelligence. Thirty-six visual patterns were presented, with 
increasing difficulty. In each puzzle, the child had to choose the missing piece of information 
out of six alternatives. All correct answers were counted and transformed into Dutch norm 
scores (Van Bon, 1986). Cronbach’s alpha was .90, indicating good reliability (Van Bon, 
1986).
 Working memory: Central executive functioning. Central executive functioning was 
assessed by means of the Number Recall subtest from the Kaufman Assessment Battery for 
Children, second edition (KABC-II) (Kaufman & Kaufman, 2004). In this test, the subject 
had to recall a sequence of digits in backward order, with the number of words increasing 
as testing progresses. An interval of one second was left between each digit. Testing was 
terminated after three consecutive failures. The number of correctly recalled sequences were 
counted. This task had good reliability (Cronbach’s alpha = .85; Kaufman, Lichtenberger, 
Fletcher-Janzen, & Kaufman, 2005).
 Working memory: Phonological loop. The subtest Woorden en Zinnen Nazeggen 
[Repeating Words and Sentences] from the ESM toets [Test for Children With SLI] was used 
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to assess the capacity of the phonological loop (Verhoeven, 2005). The test consisted of two 
parts. First, the child had to recall 12 sequences of words, with the number of words increasing 
as testing progresses. An interval of one second was left between each word. Second, the 
child had to recall 12 sentences, with increasing difficulty. Testing was terminated in both 
parts when the subject failed on four consecutive trails. The number of correctly recalled 
sequences or sentences were counted. Cronbach’s alpha was .88, indicating good reliability 
(Verhoeven, 2005).
 Working memory: Visual-spatial sketchpad. The visual-spatial sketchpad 
was measured by means of the subtest Geheugenspan [Memory Span] from the Revisie 

Amsterdamse Kinder Intelligentie Test [Revision Amsterdam Child Intelligence Test] (RAKIT) 
(Bleichrodt, Drenth, Zaal, & Resing, 1987). In this test, the child was shown a sequence of 
abstract figures. The task of the child was to correctly reproduce this sequence, by using 
little blocks on which these abstract figures were depicted. The number of abstract figures 
increased when the child progressed through the test. When the child failed on three 
consecutive sequences, testing was terminated. The correctly reproduced sequences were 
counted. This task had good reliability (Cronbach’s alpha = .82)

Criterion measures (Time 2: second grade).

 Basic arithmetic skills: Canonical and advanced problems. Children’s basic 
arithmetic skills were measured by means of two test batteries of arithmetical problems 
(two tasks each). The first battery, Canonical problems, consisted of 40 addition and 40 
subtraction problems with sums and minuends below 10. The second battery, Advanced 
problems, consisted of 30 addition and 30 subtractions problems with sums and minuends 
above 10 and less than 20, all comprising carry-over operations. On each battery, the 
participant started with the addition problems followed by the subtraction problems. 
Furthermore, the participant was told on each task to solve as many as arithmetical problems 
within a time limit of two minutes. All correct answers were counted. Internal consistency 
measures showed good reliability (Cronbach’s alpha > .80).
 All tasks were administered using E-prime software (Schneider, Eschmann, & 
Zuccolotto, 2002). On each task, an item was preceded by an asterisk (i.e., ‘*’) to draw the 
child’s attention to the middle of the screen. Then, the arithmetical problem (in Arabic 
notation) appeared in horizontal format. The participant had to administer the correct 
answer by using a numeric Universal Serial Bus (USB) keyboard, with the Arabic digits (i.e., 
0-9) depicted on it. To prevent priming effects (Jackson & Coney, 2007), the items were 
presented in quasi-random order so that an Arabic digit presented in either the problem or 
solution did not occur in a previous or following item. Furthermore, the subtraction items 
were derived as an inverse of the addition items (e.g., 3 + 5 = 8 and 8 – 5 = 3). 
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Procedure

 Eight student testers went to the schools after receiving a training by an educational 
psychologist. Each child was assigned to one tester, and all children were tested in a quiet 
room in their own school. The test battery consisted of four randomly presented blocks, half 
an hour each. Within a block, the same order of tests was used. The testing period comprised 
a period of two months, halfway through the second year of kindergarten (Time 1) as well as 
halfway through second grade (Time 2). 

Results

 The first research question, on differences between the two groups under 
investigation, was answered by conducting a multivariate analysis of variance with Problem 
type (canonical problems, advanced problems) and Operation (addition, subtraction) as 
within-subjects factors and Group (SLI, NLA) as between-subjects factor. Next to a main 
effect of Operation (F (1, 145) = 220.965, p < .001, partial η² = .604), Group (F (1, 145) = 
39.042, p < .001, partial η² = .212) and Problem type (F (1, 145) = 479.240, p < .001, partial 
η² = .768), the results showed a Group x Problem Type interaction (F (1, 145) = 12.177, p = 
.001, partial η² = .077), indicating that the differences between children with SLI and their 
peers with NLA were larger for advanced problems (B = 17.119, t = 6.657, p <. 001, partial 
η² = .234) than for canonical problems (B = 10.824, t = 4.691, p <. 001, partial η² = .132). 
Furthermore, t-tests for independent samples with Holm-Bonferroni correction (Holm, 
1979) also revealed lower scores for the children with SLI on phonological awareness, 
naming speed, and grammatical ability. Finally, with respect to cognitive covariates, the 
results showed children with SLI to score below their NLA peers on all working memory 
measures, with the exception of general intelligence. Effect sizes (d) varied between 0.337 
and 2.657. The results along with the descriptive statistics are shown in Table 1.
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Table 1
Descriptive Statistics for Children with NLA (n=105) and Children with SLI (n= 42); Results of t-tests for 
Independent Samples; and Cohen’s d 

Task Group

NLA SLI

M SD M SD t d

Phonological awareness

Rhyming 9.22 1.135 6.02 2.054 9.517*** 2.657

Blending 7.91 2.354 4.76 2.034 7.613*** 1.264

Synthesis 8.41 1.945 5.19 2.266 8.640*** 1.435

Letter knowledge 21.70 5.633 11.90 5.309 9.683*** 1.608

Naming speed 39.78 12.523 35.05 13.382 2.030* 0.337

Grammatical ability

Function words 27.98 2.583 21.36 4.509 8.951*** 2.480

Sentences structures 35.70 3.042 29.26 3.889 9.609*** 2.440

Nuances 26.86 3.024 21.76 3.635 8.699*** 1.445

General intelligence 4.96 2.712 4.34 2.474 1.277 0.212

Working memory

Central executive functioning 3.99 1.484 1.74 1.499 8.290*** 1.377

Phonological loop 13.74 5.299 6.62 4.288 7.752*** 1.288

Visual-spatial sketchpad 5.63 1.877 3.21 1.335 8.758*** 1.705

Canonical problems

Addition till 10 31.35 6.298 26.33 6.175 4.389*** 0.729

Subtraction till 10 26.02 8.035 20.21 4.524 4.405*** 0.732

Advanced problems

Addition till 20 22.21 7.842 14.02 7.117 5.865*** 0.974

Subtraction till 20 18.12 7.729 9.02 6.820 6.660*** 1.106

* p < .05. *** p < .001.

 To answer the second and third research question, separate hierarchical regression 
analysis (HRA) on both criterion measures (i.e., canonical problems and advanced problems) 
were conducted. The correlations between the predictor and criterion measures are 
presented in Table 2. 
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Table 2
Correlations between the Predictor Measures (i.e,. Phonological Awareness, Naming Speed, Grammatical Ability, 
General Intelligence, and Working Memory) and the Criterion Measures (i.e., Canonical Problems and Advanced 
Problems) (n=147)

1 2 3 4 5 6 7 8 9

1. Phonological awareness -         

2. Naming speed .178* -        

3. Grammatical ability .689*** .187* -       

4. General intelligence .130 .053 .309*** -      

5. Central executive functioning .526*** .139 .520*** .183* -     

6: Phonological loop .601*** .142 .599*** .199* .542*** -    

7. Visual-spatial sketchpad .408*** .200* .416*** .101 .408*** .383*** -   

8. Canonical problems .483*** .133 .524*** .325*** .425*** .522*** .337*** -  

9. Advanced problems .566*** .190* .620*** .303*** .466*** .548*** .405*** .757*** -

* p < .05. *** p <.001. 

 To prevent multicollinearity issues, all predictor variables were centered prior 
to the regression analyses. In step 1 of the HRA, we included all predictor measures (i.e., 
phonological awareness, naming speed, grammatical ability, general intelligence, central 
executive functioning, phonological loop, visual-spatial sketchpad), including a Group 
variable (NLA = 0, SLI=1). In step 2, additional differences between the two groups were 
explored by adding all corresponding interaction terms between the predictor measures 
and Group. Adjusted R2 statistics were used to correct for the growing amount of predictors 
in the model (Voeten & Van den Bercken, 2003). 
 In step 1, the results indicated significant positive effects of phonological awareness, 
grammatical ability, general intelligence, and phonological loop on both canonical problems 
and advanced problems. In step 2, the results showed that Group moderated the association 
between naming speed, on the one hand, and canonical problems and advanced problems, 
on the other hand. Post hoc probing (Hayes & Matthes, 2009) showed that naming speed 
positively predicted both canonical problems (β = .339, p = .007) and advanced problems 
(β = .411, p = .003) for children with SLI, but not for the NLA group (canonical problems: β 
= -.138, p = .094; advanced problems: β = -.098, p = .281). Post-hoc power analysis revealed 
that each step in the regression analysis (in terms of Cohen’s f 2) had sufficient power ( > .80) 
at the .05 level (two-tailed). The results are presented in Table 3.
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Table 3
Impact of Language on Basic Arithmetic Skills in Children with SLI (n=42) and Children with NLA (n= 105); 
and Cohen’s f 2

Canonical problems Advanced problems

Predictor ∆R² f 2 β ∆R² f 2 β

Step 1 .640*** 1.778 .698*** 2.311

Phonological awareness .215* .210*

Naming speed .007 .046

Grammatical ability .223* .296**

General intelligence .171* .130*

Central executive functioning .112 .083

Phonological loop .238* .173*

Visual-spatial sketchpad .118 .128

Group .220 .101

Step 2 .061* 0.146 .053* 0.140

Group x Phonological awareness - -

Group x Naming speed .290** .255**

Group x Grammatical ability - -

Group x General intelligence - -

Group x Central executive functioning - -

Group x Phonological loop - -

Group x Visual-spatial sketchpad - -

Total R²adj .410*** .540***

Note. Only significant interaction effects are displayed. 

* p < .05. ** p < .01. *** p < .001.
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Conclusions and Discussion

 In the present study on the impact of SLI on the development of basic arithmetic 
skills, three research questions were addressed. The first question was on how children with 
SLI and NLA differ in their basic arithmetic skills (i.e., canonical problems and advanced 
problems). Consistent with previous research (e.g., Cowan et al., 2005), we found children 
with SLI to score below their peers on arithmetic with canonical problems, as these are 
highly related to the linguistic system (cf. Kleemans et al., 2012). Furthermore, we found 
even larger group differences on arithmetic with advanced problems. This is an important 
finding as it underlines that children with SLI run a risk for developing even more severe 
delays in acquiring basic arithmetic skills related to advanced problems.
 The second research question was on the extent basic arithmetic skills of children 
with SLI and NLA in grade two can be predicted from linguistic factors, as measured in 
kindergarten, with cognitive factors being controlled for. In line with previous research, we 
found phonological awareness and grammatical ability to predict arithmetic with canonical 
problems in children with SLI and their peers with NLA (cf. Kleemans et al., 2012). Moreover, 
the results of the present study extend previous research in showing that phonological 
awareness and grammatical ability turned out to predict arithmetic with advanced problems 
as well. An explanation for this finding is that the ability to successfully solve advanced 
problem types is preceded by having mastered canonical problems, and previous research 
found these problems to be highly dependent on linguistic skills (cf. Cowan et al., 2005). 
Moreover, the solution process of arithmetic with advanced problems relies at the same time 
on linguistically dependent strategies such as arithmetic fact retrieval or verbal counting 
(cf. Siegler, 1996). The delays of children with SLI on basic arithmetic skills can thus be 
understood in terms of the dependency of these skills on the linguistic abilities on the part 
of the child. 
 The third research question was whether naming speed differentially predicted 
arithmetic with both canonical and advanced problems in children with SLI and their peers 
with NLA. Consistent with previous research (Kleemans et al., 2012), we found naming 
speed to differentially predict arithmetic with canonical problems in children with SLI. As an 
extension of previous research, naming speed turned out to differentially predict arithmetic 
with advanced problems for children with SLI as well. An explanation for this finding is that 
both naming speed and basic arithmetic skills rely on fast retrieval of linguistically encoded 
information from long-term memory (Koponen et al., 2006). Given that previous research 
found that much variability exists in the level in which naming speed is impaired in children 
with SLI (cf. Miller, Kail, Leonard, & Tomblin, 2001), it has been suggested by Kleemans et 
al. (2012) that a better naming speed may reduce the problems in basic arithmetic skills. 
Indeed, only a small effect size was found for the difference in naming speed between 
children with SLI and children with NLA, whereas large effect sizes were found for the other 
measures. Follow-up analyses, consisting of t-tests for independent samples, showed that 
children with SLI and lower naming speed (< -1 SD below the mean score of the NLA group) 
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performed worse on both canonical problems (p < .001) and advanced problems (p < .01), 
when compared to those with higher naming speed (> -1 SD below the mean score of the 
NLA group). The results therefore suggest that naming speed acts as a clinical marker in 
identifying those children with SLI who are likely to develop problems in basic arithmetic 
skills. 
 With respect to cognitive control measures, we found general intelligence and the 
phonological loop to predict the basic arithmetic skills of both children with SLI and their 
peers with NLA. These results are in line with earlier research in SLI (cf. Cowan et al., 2005; 
Kleemans et al., 2012) and NLA (cf. De Smedt et al., 2010) children. However, it is important 
to note that, even when controlled for these cognitive covariates, the results still showed 
significant effects of phonological awareness, grammatical ability, and naming speed in 
predicting the basic arithmetic skills of children with SLI.
 A limitation of the present study was that it is still not known how the interrelatedness 
between cognitive, linguistic, and basic arithmetic skills develops as children with SLI move 
through the education curriculum. De Smedt et al. (2009) argued that in order to solve 
more complicated addition and subtraction problems, children’s strategy use shifts from 
a finger counting strategy to a more verbal strategy that relies on arithmetic fact retrieval. 
However, Fazio (1999) found that older children with SLI have problems in storing and 
retrieving arithmetic facts from long-term memory, and as a result these children still use 
counting strategies to solve more complex addition and subtraction combinations. Future 
research could focus on how this lack in strategy shift may affect the cognitive, linguistic, and 
arithmetic representations of children with SLI. 
 To conclude, the results showed that children with SLI have delays in arithmetic 
with canonical problems and have even more severe delays in arithmetic with advanced 
problems. Furthermore, we found the impaired linguistic skills of children with SLI to be an 
important source of variation in explaining their delays in basic arithmetic skills. Moreover, 
the results indicated that naming speed can be seen as a clinical marker in identifying 
those children with SLI who are likely to develop problems in basic arithmetic skills. Some 
important implications for the clinical field can be drawn. To begin with, teachers and 
educational psychologists may be made aware that intervention to prevent further delays 
in basic arithmetic skills should include methods in which remediation of both linguistic 
skills and basic arithmetic skills go hand in hand. Second, it can be recommended to start 
intervention as soon as possible, preferably before the start of formal arithmetic education 
(i.e., pre-teaching), and to include practices that are based on direct instruction with 
attention being given to scaffolded teaching methods and visualization of the procedural 
steps necessary to solve arithmetic problems (cf. Fazio, 1999). Finally, in order to determine 
whether children with SLI are also at risk for developing lower basic arithmetic skills, it is 
highly recommendable to also include a measure of naming speed skills in the assessment 
procedure (cf. Kleemans et al., 2012).
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Abstract

 The present study investigated the influence of home numeracy experiences on early 
numeracy skills in kindergarten after controlling for cognitive and linguistic precursors. 
Eighty-nine children (mean age = 6.1 years) were tested on cognitive, linguistic, and early 
numeracy skills, and their parents completed a questionnaire on home numeracy practices 
and expectations. The results showed a unique contribution of parent-child numeracy 
activities and parents’ numeracy expectations to early numeracy outcomes next to individual 
child factors (i.e., early literacy skills and grammatical ability), stressing the importance of 
home numeracy experiences in early numeracy skills.
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Introduction

 Mastering the concept of early numeracy is a crucial prerequisite for being successful 
in early arithmetic (Desoete & Grégoire, 2006; Krajewski & Schneider, 2009a). Both cognitive 
and linguistic precursors are related to the development of early numeracy skills (cf. Geary, 
Hamson, & Hoard, 2000; Hecht, Torgesen, Wagner, & Rashotte, 2001; Krajewski & Schneider, 
2009b; Stock, Desoete, & Roeyers, 2009) as well as numeracy experiences in the home. These 
home numeracy experiences form an important setting in which children first encounter 
and develop numeracy skills (LeFevre et al., 2009), and can be defined as a combination of 
unique yet interrelated aspects that enhance/stimulate early numeracy learning of children. 
Parents may thus play a crucial role in the development of early numeracy. Although parents 
are capable to stimulate the early numeracy skills of their children (LeFevre et al., 2009), 
little attention has been paid to the unique contribution of home numeracy experiences 
to early numeracy skills, when taking cognitive and linguistic child abilities into account. 
This is puzzling, as these child abilities play a significant role in predicting early numeracy 
(e.g., Krajewski & Schneider, 2009b; LeFevre, Fast, et al., 2010). It remains unclear, however, 
whether these child factors drive the importance of numeracy experiences in the home (e.g., 
because the parent responds to the linguistically able child that has a high intelligence) or 
whether aspects of home numeracy experiences contribute uniquely to early numeracy 
skills over and above the child factors. From emergent literacy research, it is known that 
home literacy experiences play a unique role in acquiring literacy skills in Grade 1 and Grade 
2, even after controlling for such individual literacy precursors as phonological awareness, 
vocabulary, and syntactic skills (De Jong & Leseman, 2001; Peeters, Verhoeven, De Moor, 
Van Balkom, & Van Leeuwe, 2009). In the present study, we therefore attempted to establish 
the unique role of aspects of home numeracy experiences in early numeracy skills after 
controlling for such child factors as cognitive and linguistic capacity.

Child Predictors of Early Numeracy Skills

 The numerical abilities of young kindergartners can be captured under the definition 
of early numeracy, consisting of a range of different skills, including counting abilities, 
numeral estimations, and logical operations (cf. Desoete & Grégoire, 2006; Passolunghi, 
Vercelloni, & Schadee, 2007). When contrasted to what is known on the acquisition of 
literacy skills, only a limited number of studies (e.g., Kleemans, Segers, & Verhoeven, 2011; 
Krajewski & Schneider, 2009b; LeFevre, Fast, et al., 2010) focused on which child abilities are 
predictive for early numeracy skills in kindergarten. Nonetheless, a theoretical framework 
on the acquisition of early numeracy skills is emerging from this literature, in which both 
cognitive and linguistic child abilities play a role. 
 With respect to cognitive abilities, the importance of working memory and intelligence 
on the development of numeral skills is well established (cf. Geary et al., 2000; Hecht et al., 
2001; Noël, 2009; Stock et al., 2009). Although intelligence and working memory share a lot 
of variance in predicting early numeracy skills, Ackerman, Beier, and Boyle (2005) argued 
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that they are not the same and should thus be regarded as separate predictors of numerical 
ability. 
 Next to intelligence and working memory, recent research shows that linguistic 
factors such as early literacy skills and grammatical ability are strongly related to the 
symbolic number system, because both are based on the same rules of learning (LeFevre, 
Fast, et al., 2010). To be more specific, Purpura, Hume, Sims, and Lonigan (2011) found a 
relationship between early literacy skills and numeracy skills in early childhood. Simmons 
and Singleton (2008) argued that limited ability of phonological awareness affected aspects 
of arithmetic that involve the manipulation of verbal codes (i.e., counting speed, number 
recall). When solving an arithmetic problem, children use counting strategies and retrieve the 
phonological format of the counting word from working memory (Geary, 1993). Kleemans et 
al. (2011) found a relation between grammatical ability and early numeracy. They explained 
this by the fact that both are constrained by a universal grammar and develop by the same 
principle of recursion (Chomsky, 1965; Jackendoff, 2002). This universal grammar is defined 
as a set of language-specific principles that contain some sort of language acquisition device, 
that is, a neural mechanism tailored to the specific task of language acquisition. The process 
of language acquisition represents an interaction between the universal grammar and other 
cognitive functions (Hauser, Chomsky, & Fitch, 2002), like numeracy skills, because both are 
based on abstract hierarchical representations. 

Home Predictors of Early Numeracy Skills

 Although it is clear that intelligence, working memory, phonological awareness, and 
grammatical ability predict early numeracy skills, the framework on the emergence of early 
numeracy skills is in need of expansion, as the basis of individual differences in numeracy 
skills is possibly also related to variations in home numeracy experiences (Starkey, Klein, & 
Wakeley, 2004). This suggests that both in-child abilities and children’s home experiences 
form the foundation of early numeracy learning in school (LeFevre et al., 2009; Melhuish 
et al., 2008). Research on the role of home numeracy experiences in early numeracy skills 
indicates that differences in parent-child numeracy practices (LeFevre et al., 2009) and 
parents’ numeracy expectations (LeFevre, Polyzoi, Skwarchuk, Fast, & Sowinski, 2010) can 
partly explain individual variation in early numeracy learning. Within the child’s zone of 
proximal development, parents can be seen as intuitive teachers/ tutors who may facilitate 
early numeracy learning by stimulating the child to become more active during counting and 
other numerical situations or by providing numeracy materials (Wells, 1999).
 Several studies on home numeracy experiences were conducted to predict early 
numeracy. To begin with, Blevins-Knabe and Musun-Miller (1996) measured the frequency 
and variety of number activities occurring in the homes of 49 American kindergarten children. 
Participants rated 20 parent-child numeracy activities related to a standardized early 
numeracy test. Positive (e.g., the parents using the words ‘1’, ‘2’, ‘3’) and negative correlations 
(e.g., the parent reciting the numbers) were found between parent-child numeracy activities 
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and early numeracy skills. The negative correlations were explained by the fact that parents 
are spending more time on these activities with children who are having difficulties in 
early numeracy (Blevins-Knabe & Musun-Miller, 1996). In another study, Blevins-Knabe, 
Berghout, Musun-Miller, Eddy, and Jones (2000) included both numeracy and literacy 
activities in their questionnaires and did not find any effect of the relationships between 
parent-child numeracy activities and children’s performance on a test for early numeracy 
skills, possibly because parents believed that numeracy activities were less important than 
literacy activities. Unfortunately, both studies of Blevins-Knabe and colleagues (1996, 2000) 
used correlations between individual items and early numeracy skills instead of factor 
scores to increase reliability (cf. Van der Schuit, Peeters, Segers, Van Balkom, & Verhoeven, 
2009). Therefore, in the present study, factor scores will be used instead of individual item 
scores to relate aspects of home numeracy experiences to early numeracy skills.
 In contrast to the studies of Blevins-Knabe and Musun-Miller (1996) and Blevins-
Knabe et al. (2000), others reported clear relationships between parent-child numeracy 
activities and children’s early numeracy skills. LeFevre, Clarke, and Stringer (2002) assessed 
the numeracy skills of 27 French and 38 English-speaking pre-schoolers. They found that the 
frequency of parent-child numeracy activities was directly related to the counting abilities 
of both groups of children. Similar results were found for Chinese-speaking children (Pan, 
Gauvain, Liu, & Cheng, 2006) as well as Chinese American and European American children 
(Huntsinger, Jose, Larson, Balsink Krieg, & Shaligram, 2000). The frequency of parent-child 
numeracy activities was significantly related to later mathematical achievement. 
 In yet another study, LeFevre et al. (2009) related the frequency of parent-child 
numeracy activities to the mathematical skills of 146 Canadian children in kindergarten, 
Grade 1, and Grade 2. The results showed that shared parent-child activity is predictive for 
children’s mathematical knowledge and fluency, even after controlling for verbal ability (i.e., 
receptive vocabulary) and working memory (i.e., spatial span) as cognitive control measures. 
 Furthermore, LeFevre, Polyzoi, et al. (2010) found that parents’ numeracy 
expectations predicted home numeracy practices and outcomes. To be more precise, higher 
expectations of parents about their child’s numeracy achievement had a positive influence 
on the parents’ behaviour toward the child. This, ‘in turn’, may result in increased numeracy 
practices and, therefore, better achievement on the part of the child (Georgiou, 1999; 
Phillipson & Phillipson, 2007). 

The Present Study

 The importance of numeracy experiences in the home seems well established. 
However, when we compare this literature to what is known about the effect of the home 
literacy experiences on literacy acquisition (cf. Burgess, Hecht, & Lonigan, 2002; Peeters 
et al., 2009; Van der Schuit et al., 2009; Sénéchal, LeFevre, Thomas, & Daley, 1998), several 
questions remain unanswered. Previous studies on the role of home literacy experiences 
in literacy skills showed that parent literacy activities were directly related to child’s 
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early literacy skills, even when controlling for parent education and child’s vocabulary 
skills (Sénéchal, 2006). In addition, Griffin and Morrison (1997) found that home literacy 
experiences uniquely predicted children’s variance in early literacy skills after removing 
the variability attributed to intelligence and social background. In line with these findings, 
similar results can be expected for the unique variance of the different aspects of home 
numeracy experiences on early numeracy skills. In a recent study by LeFevre et al. (2009), it 
was shown that receptive vocabulary and spatial span relate to home numeracy experiences. 
However, other cognitive (i.e., general intelligence and working memory) and linguistic 
abilities (i.e., early literacy skills and grammatical ability) emerge from previous research as 
important predictors of early numeracy skills and cannot be neglected. Therefore, the aim 
of the present study was to further expand the theoretical framework on the acquisition of 
early numeracy skills by examining the additional value of home numeracy experiences on 
early numeracy skills with child predictors being taken into account. 
 The present study thus examined the role of both child and home predictors in early 
numeracy skills, in a sample of Dutch kindergarten children. Given the well-established 
role of child predictors on early numeracy skills, the additional value of home numeracy 
experiences was examined in a hierarchical way. We expected home numeracy experiences 
to be related to early numeracy skills and to make a unique contribution in predicting early 
numeracy skills after controlling for cognitive and linguistic child factors.

Method

Participants

 Parents of kindergartners from four mainstream primary schools throughout the 
Netherlands were asked to complete a questionnaire on home numeracy. Only children 
whose parents completed the questionnaire and gave permission (active written consent) 
allowing their child to participate in this study were included. The average response rate 
was 58 %, resulting in a group of 89 kindergartners (Mage = 6.1 years, age range = 5 to 7). 
This response rate is comparable to response rates reported in other studies on the effect 
of the home numeracy experiences on numeracy skills (Blevins-Knabe & Musun-Miller, 
1996; LeFevre et al., 2009). There were no differences in SES (p = .366), age (p = .426), 
nonverbal intelligence (p = .177), working memory (p = .939), early literacy skills (p = .801), 
grammatical ability (p = .280), and early numeracy skills (p = .725) between the 50 girls and 
39 boys who participated in the present study.
 All children were in the second year of kindergarten, spoke Dutch as their native 
language, and lived with both their parents in the same home. In the Netherlands, 
children attend two years of kindergarten before they start formal reading and arithmetic 
education (i.e., first grade). At the end of kindergarten, children are expected to be able to 
count backward and forward (up to 10). Furthermore, they should be able to solve simple 
arithmetic problems (e.g., one apple plus one apple makes two apples) using their fingers. 



111

7

Child and home predictors of early numeracy skills in kindergarten

With respect to early literacy skills, children are expected to have phonological awareness 
(rhyming, blending) and knowledge of some letters of the alphabet (Van der Stap, 2009). 
 On the home numeracy questionnaire, one question regarded the educational 
background of both parents. Socioeconomic status (SES), based on a Dutch scale of 
Denessen, Driessen, and Sleegers (2005), was measured on a 4-point scale ranging from 1 
to 4. A “1” indicated that no postsecondary education was completed; a “2” indicated that 
the parent completed intermediate postsecondary education; a “3” indicated that the parent 
completed higher education, and a “4” indicated that the parent completed university. Sixty 
percent of the parents completed higher education or academic education, suggesting an 
overrepresentation of highly educated families in the present study. 

Materials

Child predictors.

Cognitive measures. 

 Nonverbal intelligence. The Raven’s Coloured Progressive Matrices (Raven, 1956) 
measured nonverbal intelligence. In this test, 36 visual patterns were presented, with increasing 
difficulty. In each visual pattern, a piece was missing. The participant had to choose the correct 
piece out of six alternatives. All correct answers were counted, resulting in a raw score. The 
raw score was converted into a stanine score, which ranged from 0.5 to 9.5. All stanine scores 
in this study were based on Dutch norms (Van Bon, 1986). The reliability (Cronbach’s alpha) 
was .90, which can be considered good reliability (Van Bon, 1986).
 Working memory: Central executive functioning. Central executive functioning was 
measured using the Number Recall subtest from the Kaufman Assessment Battery for 
Children, second edition (KABC-II) (Kaufman & Kaufman, 2004). In this test, the child had 
to recall a sequence of digits in backward order presented in one-second intervals, with 
the number of digits increasing (minimum of two digits, maximum of nine digits) as testing 
progresses. On each level of difficulty, three items were presented (e.g., started with three 
2-digit sequences, followed by three 3-digit sequences, then three 4-digit sequences), 
with the exception of the 8-digit sequence where only one item was presented. Testing 
was terminated after three consecutive failures. The correctly recalled sequences were 
counted. The internal consistency for this task was good (Cronbach’s alpha = .85; Kaufman, 
Lichtenberger, Fletcher-Janzen, & Kaufman, 2005). 

Linguistic measures.

 Grammatical ability. We used a grammar task from the “Taaltoets Alle Kinderen” 
[Language Test for All Children] (Verhoeven & Vermeer, 1993) to assess the level of 
comprehension of function words (i.e., prepositions, pronouns, conjunctions), which can be 
considered as the carriers of grammatical meaning (Verhoeven & Vermeer, 1993). This test 
consisted of 42 items in which children were given three pictures (e.g., one picture depicted 
a boy pushing a girl, another showed a girl pushing the boy, and the last picture depicted a 
boy and a girl who did not push each other) along with an auditory production of a stimulus 



112

Chapter 7

sentence, the grammatical meaning of which corresponds with one of the pictures. (e.g., “She 
pushes him.”) The reliability of this task was good (Cronbach’s alpha = .82; Verhoeven & 
Vermeer, 2006).
 Early literacy skills. Early literacy skills were measured using the Screeningsinstrument 

Beginnende Geletterdheid [Diagnostic Instrument for Emerging Literacy] (Vloedgraven, 
Keuning, & Verhoeven, 2009). The test consisted of three separate tasks. Each task started 
with the presentation of three response alternatives both visual and auditory, followed by 
the auditory presentation of the target word. First, during rhyming, the task of the child was 
to select the picture (e.g., “bat,” “ball,” “monkey”) that rhymed with the target word. (e.g., 
“What rhymes with hat?”) Second, during the blending task, three pictures were presented 
to the subject (e.g., “pen,” “fire,” “lamb”). Instead of pronouncing the entire word, only the 
initial letter was mentioned. The subject had to click on the corresponding word with the 
same initial letter (e.g., “p for pigeon”). Finally, during the receptive letter knowledge task, 
four lowercase letters were visually presented on a computer screen (e.g., “l,” “r,” “f,” “s”). One 
of these letters was pronounced. The task of the child was to select the correct letter (e.g., 
“r for rose”). The total number of correct answers represented a score on each skill. The 
reliability of each task was good (Cronbach’s alpha > .81).

Home predictors.

 Home numeracy questionnaire. Parents completed a questionnaire on home 
numeracy developed for the purpose of this research. The construction of this questionnaire 
was based on previous research on home numeracy and early numeracy skills (cf. Desoete & 
Grégoire, 2006; LeFevre et al., 2009). A Principal Axis Factoring (PAF) Analysis with promax 
rotation was conducted to explore the underlying factors. PAF with promax rotation was used, 
because it allowed the factors to be interrelated without affecting the unique variances of each 
of the items on a particular factor (Allen & Yen, 1979). An item was included in a factor when its 
factor loading was ≥ .35. The results showed a two-factor solution, accounting for 63.58% of the 
variability: Parent-child numeracy activities and Parents’ numeracy expectations (see Table 1). 
 Parent-child numeracy activities. In this part, parents were first asked to complete 
four items measured on a 5-point scale (1 to 5) assessing the extent to which they participate 

in numeracy-related activities together with their child. A complete list of these materials is 
included in the Appendix. Parents were asked the question: “How often did you and your 
child engage in the following activities?” Higher scores indicated more participation in 
numeracy-related activities. All scores within this factor were summed to one score. The 
internal consistency of this questionnaire was sufficient (Cronbach’s alpha = .76).
 Parents’ numeracy expectations. In this part, parents were asked the question: “To 
what extent do you expect your child to master the following early numeracy skills at the 
end of kindergarten?” A complete list of these skills is included in the Appendix. All five 
items were measured on a 4-point scale (1 to 4). Again, higher scores implicated higher 
expectations on early numeracy achievement. All scores within this factor were summed to 
one score. The internal consistency (Cronbach’s alpha) was .83, indicating good reliability. 
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 Table 1
Mean Reported Frequencies and Factor Loadings of the Aspects of Home Numeracy Experiences 

Variable Eigen-
value

Percent 
explained 
variance

Factor 
loading M SD

Parent-child numeracy activities 3.432 38.132

Doing counting activities .577 2.44 0.839

Playing counting games, using child computer 
or arithmetic software .479 1.58 0.823

Practicing numerical conceptual knowledge .799 2.46 1.253

Rehearsing counting rhymes .831 2.36 1.334

Parents’ numeracy expectations 2.290 25.446

Expectation of child’s performance on comparing objects .876 3.71 0.482

Expectation of child’s performance on arranging objects .864 3.72 0.476

Expectation of child’s ability to count till 20 (forward) .773 3.75 0.483

Expectation of child’s ability to count till 20 (backward) .655 3.16 0.838

Expectations of child’s ability to count without hands .630 3.10 0.905

Early numeracy measure.

 The Utrechtse Getalbegrip Toets-Revised [Utrecht Early Numeracy Test-Revised] 
(Van Luit & Van de Rijt, 2009) was used as a criterion measure assessing the early numeracy 
skills of the children. This test consisted of nine different skills that are indicators of early 
numeracy (Desoete & Grégoire, 2006; Van Luit & Van de Rijt, 2009). On each task, five 
consecutive items were presented to the subject. On the comparison task, the child had to 
compare the qualitative and quantitative aspects of several items. (e.g., “On these pictures 
you see some men. Which of these men is the biggest?”) On the linking quantities task, the 
child was asked to group several items using the criteria specified by the tester. (e.g., “On 
which of these pictures you do not see a group of five?”) On the correspondence task, the 
child had to apply a one-to-one relationship by comparing absolute quantities. (e.g., “On this 
picture you see three busses. Which of these pictures has the same number of dots as the 
three busses you see here?”) On the arranging task, the child was asked to arrange items 
based on their external appearance. (e.g., “On which picture you can see the apples arranged 
from big to small?”) On the counting task, the child was asked to count backward and forward 
from a certain number. Knowledge of ordinal and cardinal aspects of the number system 
was also assessed. (e.g., “Count to twenty.”) On the sequential counting task, the child had to 
count sequentially and then by intervals, using the structure of dice. (e.g., “Here you see six 
groups of two die. In which group you see ten dots?”) On the counting quantities task, each 
child had to count organized and disorganized quantities, without using such visual aids as 
fingers or hands. (e.g., “How many blocks are there on the table?”) On applying knowledge of 

the number system task, the child had to apply knowledge of the number system to various 
daily situations. On each item, the child could choose one out of three possibilities. (e.g., “I 
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have twelve cakes and I eat seven of them. How many cakes are left? Point to the picture that 
depicts the right answer.”) Finally, on the estimation task, five items, each with a different line 
of numbers, were presented. On this task, the child had to point the location of the number 
presented by the tester. (e.g., “Here you see a number line. On which place in this number 
line you should place the number nineteen?”) All correct answers were counted, resulting 
in a raw score. The average reliability (Cronbach’s alpha) of the tasks was .90, which can be 
considered good reliability (Van Luit & Van de Rijt, 2009).

Procedure

 Schools for mainstream primary education throughout the Netherlands, were asked 
to participate in this study. The home numeracy questionnaire was sent to the parents after 
the schools agreed to participate and was administered in the third and fourth month of the 
second year in kindergarten. Parents were asked who was most involved in the mathematical 
activities with the child. The completed questionnaire was returned by post. Next, two 
testers were trained and afterwards administered various tests to the children. These tests 
were spread over three blocks. The blocks were presented at random, but the tests within a 
block were administered in the same order. Each child was assigned to one tester. The first 
block included tests that measured the cognitive functions of the children (e.g., nonverbal 
intelligence, working memory). The second block included tests that assessed linguistic 
capacity (e.g., early literacy skills, grammatical ability), and the third block assessed early 
numeracy skills. The children were tested individually in a quiet room at their school for a 
total of 2.5 hours over a period of one month, after about five months in their second year in 
kindergarten.

Results

 To answer the research question, we first computed the descriptive statistics on the 
cognitive, linguistic, home numeracy, and early numeracy variables (see Table 2). 
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Table 2
Descriptive statistics of the Cognitive Measures, Linguistic Measures, Home Numeracy Measures, and Early 
Numeracy Measure (n = 89) 

Variable M SD Min Max

Cognitive measures

Nonverbal intelligence 6.19 1.830 1.30 9.40

Working memory 3.80 1.529 0.00 7.00

Linguistic measures

Early literacy skills

Rhyming 12.16 2.637 3.00 15.00

Blending 11.93 2.644 5.00 15.00

Letter knowledge 25.94 5.865 10.00 34.00

Grammatical ability 26.92 3.307 18.00 32.00

Home numeracy measures

Parent-child numeracy activities 8.84 3.316 4.00 19.00

Parents’ numeracy expectations 17.44 2.576 10.00 20.00

Early numeracy measure

Early numeracy skills 28.98 5.494 20.00 40.00

Comparison 4.70 0.611 2.00 5.00

Linking quantities 3.30 1.005 1.00 5.00

Correspondence 3.93 0.876 2.00 5.00

Arranging 3.66 0.976 2.00 5.00

Counting 2.85 1.378 0.00 5.00

Sequential counting 2.44 1.484 0.00 5.00

Counting quantities 3.09 1.337 0.00 5.00

Applying knowledge of the number system 2.80 1.290 0.00 5.00

Estimation 2.20 1.494 0.00 5.00

 
 Second, to ensure that the relative influences of all measures were comparable for 
further analysis, standard scores were computed (M = 0, SD = 1) for the cognitive, linguistic, 
and home numeracy variables. With respect to early literacy skills, separate standard scores 
for rhyming, blending, and letter knowledge were computed. Subsequently, a composite 
score (i.e., early literacy skills) was computed. We then computed Pearson correlations 
between the cognitive, linguistic, and home numeracy variables on the one hand and early 
numeracy skills on the other hand. As can be seen in Table 3, all child and home measures 
correlated significantly with early numeracy skills. 
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Table 3
Pearson Correlations among the Cognitive Measures, Linguistic Measures, Home Numeracy Measures, and Early 
Numeracy Skills (n = 89)

Variable 1 2 3 4 5 6 7

1. Nonverbal intelligence -

2. Working memory .02 -

3. Early literacy skills .32* .42* -

4. Grammatical ability .31* .30* .38* -

5. Parent-child numeracy activities .17 .16 .33* .18 -

6. Parents’ numeracy expectations .20 .15 .24* .18 .10 -

7. Early numeracy skills .22* .22* .50* .42* .47* .32* -

* p < .05.

 
 A hierarchical regression analysis was conducted next to test whether the cognitive, 
linguistic, and home numeracy variables were effective in explaining unique variance in 
early numeracy skills. As recommended by Voeten and Van den Bercken (2003), adjusted 
R2 statistics were reported. The adjusted R2 corrects for the growing amount of predictors 
in the model and is therefore a better indicator of the proportion of explained variance on 
the dependent variable (i.e., early numeracy skills) compared to the conventional R2 (Voeten 
& Van den Bercken, 2003). In step 1, the cognitive measures, nonverbal intelligence, and 
working memory, were included. In step 2, the linguistic measures (i.e., early literacy skills 
and grammatical ability) were added. Finally, in step 3, we added both home numeracy 
variables (i.e., Parent-child numeracy activities and Parents’ numeracy expectations). As can 
be seen in Table 4, the cognitive, linguistic, and home numeracy variables explained 40.4 
percent of the variance in early numeracy skills. Furthermore, we found an effect of both 
nonverbal intelligence and working memory on early numeracy in step 1, that is, higher 
scores on nonverbal intelligence and working memory resulted in higher scores on early 
numeracy. When the linguistic measures were added to the model in step 2, both early 
literacy skills and grammatical ability were effective in explaining early numeracy skills, 
whereas nonverbal intelligence and working memory became nonsignificant (p > .799). 
Finally, in step 3, we found that both home numeracy variables were effective in explaining 
unique variance (13.3%) in early numeracy after controlling for all cognitive and linguistic 
measures under consideration. 
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Table 4 
Child and Home Predictors of Early Numeracy Skills (n = 89)

Predictor ∆R² B SE (B) β

Step 1 .075*

Nonverbal intelligence  1.173 0.563 .214*

Working memory  1.205 0.563 .219*

Step 2 .216*

Nonverbal intelligence  0.041 0.544 .007

Working memory -0.143 0.563 -.026

Early literacy skills  2.727 0.727 .405*

Grammatical ability  1.494 0.561 .272*

Step 3 .133*

Nonverbal intelligence -0.233 0.500 -.042

Working memory -0.265 0.513 -.048

Early literacy skills  1.928 0.685 .287*

Grammatical ability  1.348 0.512 .245*

Parent-child numeracy activities  1.832 0.480 .333*

Parents’ numeracy expectations  1.046 0.472 .190*

Total R²adj .404*

* p < .05.

Conclusions and Discussion

 The present study investigated the role of child and home predictors in early 
numeracy skills in children in the second year of kindergarten. With respect to child 
predictors, our regression analysis confirmed that the acquisition of early numeracy skills 
is highly dependent on linguistic input, supporting existing theories on the acquisition of 
early numeracy skills (cf. Krajewski & Schneider, 2009b; LeFevre, Fast, et al., 2010). We 
found that both nonverbal intelligence and working memory predicted early numeracy 
skills. However, when early literacy skills and grammatical ability were added to the 
hierarchical model, only the linguistic skills were significantly related to early numeracy 
skills. Similar results were reported by Kleemans et al. (2011) who found that linguistic 
factors (phonological awareness and grammatical ability) partially account for the relation 
between nonverbal intelligence and working memory on the one hand and early numeracy 
skills on the other hand. It should be noted, however, that the working memory measure 
we used in our study is possibly slanted toward verbal processes. As can be seen in Table 3, 
the correlation between working memory and early literacy skills (r = .42) was higher than 
between working memory and early numeracy skills (r = .22). Raghubar, Barnes, and Hecht 
(2010) described, in their review study, that verbal measures of working memory are less 
related to early numeracy skills than nonverbal measures of working memory. It is therefore 
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possible that working memory was not ruled out by early literacy skills, in case we had 
used a nonverbal measure of working memory. For example, LeFevre, Fast, et al. (2010) also 
found strong effects of linguistic ability on early numeracy skills, however, with a small yet 
significant effect of spatial span, a nonverbal measure of working memory. Furthermore, it 
is important to note that, when contrasted to what is known on the acquisition of literacy 
skills, the framework on child predictors of early numeracy skills is still being revised as it 
is not established yet which control variables should be used to account for the variation in 
early numeracy learning (Kaufmann, 2008).
 With respect to home predictors, we explored the additional value of home numeracy 
experiences, as recent research from LeFevre et al. (2009) suggests that both child factors 
and home numeracy experiences form the foundation of early numeracy learning. The 
questionnaire on home numeracy experiences covered two factors. One factor assessed 
parent-child numeracy activities, and the other factor assessed parents’ numeracy 
expectations. The results of the hierarchical regression analysis indicated that, next to 
phonological awareness and grammatical ability, parent-child numeracy activities and 
parents’ numeracy expectations were uniquely related to early numeracy skills, suggesting 
that both child factors and home numeracy practices can be seen as important prerequisites 
in the development of early numeracy skills. This is an important contribution to early 
numeracy research, as it highlights the importance of including the home environment in 
the existing framework on early numeracy skills.
 The aforementioned results have some limitations. First, the fact that SES was 
not normally distributed could be the result of a social desirability bias. Consequently, a 
higher number of highly educated parents were included in this study, making it difficult to 
generalize these findings to early numeracy outcomes of children whose parents achieved 
a lower educational level. This ‘restriction of range’ might also explain why nonverbal 
intelligence and working memory did not correlate (see Table 3). Moreover, because parents 
of children with a lower SES possibly spend less time with their child in numeracy-related 
activities, this may have repercussions for the child’s early numeracy skills (cf. Starkey et al., 
2004). From a clinical perspective, it is therefore important to gain more insights into the 
mechanisms that are at work for children having a lower SES. 
 A second limitation is that the study did not have a longitudinal design. LeFevre et al. 
(2009) found that the effects of parent-child numeracy activities on the numerical abilities 
of young children is relatively stable in kindergarten, Grade 1, and Grade 2. Although no 
study tested the relative contribution of both parent-child numeracy activities and parents’ 
numeracy expectations over time, it cannot be concluded from the present study whether 
the home numeracy constructs are predictive for early numeracy skills over time. Even 
though it was found in previous research that linguistic skills predict early numeracy skills 
(cf. LeFevre, Fast, et al., 2010), the results of the present study do not rule out the possibility 
that there is a reciprocal relationship between linguistic skills and early numeracy, or that 
the high competent child influences parents’ behaviour in engaging in numeracy-related 
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activities. Therefore, the results presented in this study should be interpreted with caution. 
In future research, the relative influence of aspects of home numeracy experiences over time 
should therefore be further explored. 
 Although we did not investigate to what extent the parent-child numeracy activities 
were interactive, that is, activities in which the parent took the role of a tutor and cognitively 
challenged the child in the numeracy activities, the present study showed that the parents’ 
role is important for stimulating the early numeracy skills of the child. For future research, 
it would be a challenge to identify the precise role of parents in the interaction with their 
child during numeracy activities, the extent to which they challenge their child in cognitively 
engaging tasks in the zone of proximal development, and the influence of the mentioned 
factors on the early numeracy skills of the child. Moreover, it is still not known what 
parents exactly do during a numeracy-related activity with the child (LeFevre et al., 2009). 
For example, Bjorklund, Hubertz, and Reubens (2004) found that the use of modelling 
techniques could be beneficial for early arithmetical ability. Observational studies together 
with extended questionnaires on the motivation and presuppositions of parents about the 
learning of their child would be useful to tackle this topic. When using such an observation, 
it would also be interesting to consider children’s spontaneous speech about numbers or 
asking number questions. 
 Implications of the present study are both for the home and school environment. 
Given that both child predictors and home numeracy experiences are important for early 
numeracy learning, both parents and teachers should work together to stimulate the early 
numeracy skills of the child in an optimal way. As early numeracy skills are highly related 
to linguistic skills, combining both linguistic and early numeracy activities may be the best 
way to stimulate early numeracy skills. It can therefore be useful to provide both parents and 
(student) teachers with case examples to illustrate how they could integrate both language 
and numeracy practices to optimize early numeracy learning. For instance, when doing a 
counting-related activity with the child, parents could also actively use the knowledge of the 
counting words during storybook reading.
 To conclude, the present study showed that parent-child numeracy activities and 
parents’ numeracy expectations are unique and important predictors of early numeracy after 
controlling for cognitive and linguistic child factors. As a practical implication, intervention 
studies should therefore account for both child and home factors when improving children’s 
early numeracy skills. 



120

Chapter 7

References

Ackerman, P. L., Beier, M. E., & Boyle, M. O. (2005). Working memory and intelligence: The 
same or different constructs? Psychological Bulletin, 131, 30–60. doi:10.1037/0033-
2909.131.1.30

Bjorklund, D. F., Hubertz, M. J., & Reubens, A. C. (2004). Young children’s arithmetic strat-
egies in social context: How parents contribute to children’s strategy development 
while playing games. International Journal of Behavioral Development, 28, 347–357. 
doi:10.1080/01650250444000027

Blevins-Knabe, B., Berghout, A. A., Musun-Miller, L., Eddy, A., & Jones, R. M. (2000). Fam-
ily home care providers’ and parents’ beliefs and practices concerning math-
ematics with young children. Early Child Development and Care, 165, 41-58. 
doi:10.1080/0300443001650104

Blevins-Knabe, B., & Musun-Miller, L. (1996). Number use at home by children and their 
parents and its relationship to early mathematical performance. Early Develop-

ment and Parenting, 5, 35–45. doi:10.1002/(SICI)1099-0917(199603)5:1<35::AID-
EDP113>3.0.CO;2-0

Burgess S. R., Hecht, S. A., & Lonigan, C. J. (2002). Relations of the home literacy environment 
(HLE) to the development of reading related disabilities: A one-year longitudinal 
study. Reading Research Quarterly, 37(4), 408-426. doi:10.1598/RRQ.37.4.4

Chomsky, N. (1965). Aspects of the theory of syntax. Cambridge, MA: MIT Press. 
De Jong, P. F., & Leseman, P. (2001). Lasting effects of home literacy on reading achieve-

ments in school. Journal of School Psychology, 39(5), 389-414. doi:10.1016/S0022-
4405(01)00080-2

Denessen, E., Driessen, G., & Sleegers, P. (2005). Segregation by choice? A study into group 
specific reasons for school choice. Journal of Education Policy, 20(3), 347-368.

Desoete, A., & Grégoire, J. (2006). Numerical competence in young children and in children 
with mathematical learning disabilities. Learning and Individual Differences, 16, 351–
367. doi:10.1016/j.lindif.2006.12.006

Geary, D. C. (1993). Mathematical disabilities: Cognitive, neuropsychological, and genetic com-
ponents. Psychological Bulletin, 114, 345–362. doi:10.1037/0033-2909.114.2.345

Geary, D. C., Hamson, C. O., & Hoard, M. K. (2000). Numerical and arithmetical cognition: A 
longitudinal study of process and concept deficits in children with learning disability. 
Journal of Experimental Child Psychology, 77, 236–263. doi:10.1006/jecp.2000.2561

Georgiou, S. N. (1999). Parental attributions as predictors of involvement and influ-
ences on child achievement. British Journal of Educational Psychology, 69, 409–29. 
doi:10.1348/000709999157806

Griffin, E. A., & Morrison, F. J. (1997). The unique contribution of home literacy environment 
to differences in early literacy skills. Early Child Development and Care, 127-128, 233-
243. doi:10.1080/0300443971270119



121

7

Child and home predictors of early numeracy skills in kindergarten

Hauser, M. D., Chomsky, N., & Fitch, W. T. (2002). The faculty of language: What is it, who has it, 
and how did it evolve? Science, 298, 1569-1579. doi: 10.1126/science.298.5598.1569

Hecht, S. A., Torgesen, J. K., Wagner, R. K., & Rashotte, C. A. (2001). The relations between 
phonological processing abilities and emerging individual differences in mathemati-
cal computation skills: A longitudinal study from second to fifth grades. Journal of 

Experimental Child Psychology, 79, 192–227. doi: 10.1006/jecp.2000.2586
Huntsinger, C. S., Jose, P. E., Larson, S. L., Balsink Krieg, D., & Shaligram, C. (2000). Mathemat-

ics, vocabulary, and reading development in Chinese American and European Ameri-
can children over the primary school years. Journal of Educational Psychology, 92(4), 
745-760. doi:10.1037//0022-0663.92.4.745

Jackendoff, R. (2002). Foundations of language: Brain, meaning, grammar, evolution. Oxford, 
United Kingdom: Oxford University Press. 

Kaufman, A. S., & Kaufman, N. L. (2004). Kaufman Assessment Battery for Children (2nd ed.). 

Circle Pines, MN: American Guidance Service.
Kaufman, A. S., Lichtenberger, E. O., Fletcher-Janzen, E., & Kaufman, N. L. (2005). Essentials of 

KABC-II assessment. Hoboken, NJ: Wiley & Sons.
Kaufmann, L. (2008). Dyscalculia: neuroscience and education. Educational Research, 50(2), 

163-175. doi: 10.1080/00131880802082658
Kleemans, T., Segers, E., & Verhoeven, L. (2011). Cognitive and linguistic precursors to nu-

meracy: Evidence from first and second language learners. Learning and Individual 

Differences, 21(5), 555-561. doi: 10.1016/j.lindif.2011.07.008
Krajewski, K., & Schneider, W. (2009a). Early development of quantity to number-word link-

age as a precursor of mathematical school achievement and mathematical difficul-
ties: Findings from a four-year longitudinal study. Learning and Instruction, 19(6), 
513-526. doi:10.1016/j.learninstruc.2008.10.002

Krajewski, K., & Schneider, W. (2009b). Exploring the impact of phonological awareness, 
visual-spatial working memory, and preschool quantity-number competencies on 
mathematics achievement in elementary school: Findings from a 3-year-longitudi-
nal study. Journal of Experimental Child Psychology, 103, 516-531. doi: 10.1016/j.
jecp.2009.03.009

LeFevre, J., Clarke, T., & Stringer, A. P. (2002). Influences of language and parental involve-
ment on the development of counting skills: Comparisons of French-and English-
speaking Canadian children. Early Child Development and Care, 172, 283–300. 
doi:10.1080/03004430212127

LeFevre, J., Fast, L., Skwarchuk, S. L., Smith-Chant, B. L., Bisanz, J., Kamawar, D., & Penner-
Wilger, M. (2010). Pathways to mathematics: Longitudinal predictors of performance. 
Child Development, 81(6), 1753-1767. doi:10.1111/j.1467-8624.2010.01508.x



122

Chapter 7

LeFevre, J., Polyzoi, E., Skwarchuk, S., Fast, L., & Sowinski, C. (2010). Do home numeracy 
and literacy practices of Greek and Canadian parents predict the numeracy skills of 
kindergarten children? International Journal of Early Years Education, 18(1), 55-70. 
doi:10.1080/09669761003693926

LeFevre, J. A., Skwarchuk, S., Smith-Chant, B. L., Fast, L., Kamawar, D., & Bisanz, J. (2009). 
Home numeracy experiences and children’s math performance in the early school 
years. Canadian Journal of Behavioural Science, 41, 55–66. doi:10.1037/a0014532

Melhuish, E. C., Sylva, K., Sammons, P., Siraj-Blatchford, I., Taggart, B., & Phan, M. (2008). 
Effects of the home learning environment and preschool center experience upon lit-
eracy and numeracy development in early primary school. Journal of Social Issues, 64, 
157-188 . doi:10.1111/j.1540-4560.2008.00550.x

Noël, M. P. (2009). Counting on working memory when learning to count and to add: A pre-
school study. Developmental Psychology, 45(6), 1630-1643. doi:10.1037/a0016224

Pan, Y., Gauvain, M., Liu, Z., & Cheng, L. (2006). American and Chinese parental involve-
ment in young children’s mathematics learning. Cognitive Development, 21, 17–35. 
doi:10.1016/j.cogdev.2005.08.001

Passolunghi, M. C., Vercelloni, B., & Schadee, H. (2007). The precursors of mathematics learn-
ing: Working memory, phonological ability, and numerical competence. Cognitive De-

velopment, 22, 165–184. doi: 10.1016/j.cogdev.2006.09.001
Peeters, M., Verhoeven, L., De Moor, J., Van Balkom, H., & Van Leeuwe, J. (2009). Home literacy 

predictors of early development in children with cerebral palsy. Research in Develop-

mental Disabilities, 30(3), 445-461. doi:10.1016/j.ridd.2008.04.005
Phillipson, S., & Phillipson, S. N. (2007). Academic expectations, belief of ability, and involve-

ment by parents as predictors of child achievement: A cross-cultural comparison. 
Educational Psychology, 2, 329–48. doi:10.1080/01443410601104130

Purpura, D. J., Hume, L. E., Sims, D. M., & Lonigan, C. J. (2011). Early literacy and early nu-
meracy: The value of including early literacy skills in the prediction of numeracy de-
velopment. Journal of Experimental Child Psychology, 110(4), 647-658. doi:10.1016/j.
jecp.2011.07.004

Raghubar, K. P., Barnes, M. A., & Hecht, S. A. (2010). Working memory and mathematics: A 
review of developmental, individual difference, and cognitive approaches. Learning 
and Individual Differences, 20, 110-122. doi:10.1016/j.lindif.2009.10.005

Raven, J. C. (1956). Guide to using the Coloured Progressive Matrices. London, United King-
dom: H.K. Lewis & Co. 

Sénéchal, M. (2006). Testing the home literacy model: Parent involvement in kindergarten is 
differentially related to grade 4 reading comprehension, fluency, spelling, and read-
ing for pleasure. Journal for the Scientific Study of Reading, 10, 59-87. doi:10.1207/
s1532799xssr1001_4



123

7

Child and home predictors of early numeracy skills in kindergarten

Sénéchal, M., LeFevre, J. A., Thomas, E. M., & Daley, K. E. (1998). Differential effects of home 
literacy experiences on the development of oral and written language. Reading Re-

search Quarterly, 33(1), 96-116. doi:10.1598/RRQ.33.1.5
Simmons, F., & Singleton, C. (2008). Do weak phonological representations impact on arith-

metic development? A review of research into arithmetic and dyslexia. Dyslexia, 

14(2), 77-94. doi: 10.1002/dys.341
Starkey, P., Klein, A., & Wakeley, A. (2004). Enhancing young children’s mathematical knowl-

edge through a pre-kindergarten mathematics intervention. Early Childhood Research 

Quarterly, 19, 99-120. doi:10.1016/j.ecresq.2004.01.002
Stock, P., Desoete, A., & Roeyers, H. (2009). Predicting arithmetic abilities: The role of prepa-

ratory arithmetic markers and intelligence. Journal of Psychoeducational Assessment, 

27(3), 237-251. doi:10.1177/0734282908330587
Van Bon, W. H. J. (1986). Raven’s Coloured Progressive Matrices. Nederlandse normen en eni-

ge andere uitkomsten van onderzoek [Raven’s Coloured Progressive Matrices. Dutch 
Norms and some other results of research]. Lisse, the Netherlands: Swets & Zeitlinger. 

Van der Schuit, M., Peeters, M., Segers, E., Van Balkom, H., & Verhoeven, L. (2009). Home lit-
eracy environment of children with intellectual disabilities: Relationships with cog-
nition, speech intelligibility, language, and early literacy skills. Journal of Intellectual 

Disability Research, 53, 1024 -1037. doi:10.1111/j.1365-2788.2009.01222.x
Van der Stap, M. (2009). Van kerndoel tot leerlijn. Concretisering van de kerndoelen voor het 

speciaal onderwijs [Elaboration of the primary objectives in special education]. Am-
sterdam, the Netherlands: Uitgeverij SWP.

Van Luit, J., & Van de Rijt, B. (2009). Utrechtse Getalbegrip Toets-Revised [Utrecht Early Nu-
meracy Test-Revised]. Apeldoorn, the Netherlands: Graviant.

Verhoeven, L., & Vermeer, A. (1993). Taaltoets Alle Kinderen. Handleiding [Language Test for 
All Children. Manual]. Arnhem, the Netherlands: Cito.

Verhoeven, L., & Vermeer, A. (2006). Taaltoets Alle Kinderen. Verantwoording [Language Test 
for All Children. Psychometric analysis]. Arnhem, the Netherlands: Cito.

Vloedgraven, J., Keuning, J., & Verhoeven, L. (2009). Screeningsinstrument Beginnende Gelet-

terdheid [Diagnostic Instrument for Emergent Literacy]. Arnhem, the Netherlands: 
Cito.

Voeten, M. J. M., & Van den Bercken, J. H. L. (2003). Lineaire regressieanalyse [Linear regres-
sion analysis]. Groningen, the Netherlands: Stenfert-Kroese. 

Wells, G. (1999). Dialogic inquiry: Towards a sociocultural practice and theory of education. 

Cambridge, United Kingdom: Cambridge University press.



124

Chapter 7

Appendix

Parent-child numeracy activities

 Question. How often did you and your child engage in the following activities? Circle 1 
if the activity did not occur, circle 2 if it occurred on a monthly base, circle 3 if it occurred on a 
weekly base, circle 4 if it occurred on a daily base, and circle 5 if it occurred a few times a day.

1 Doing counting activities (e.g., playing with child cash register; playing with number 
wall; playing with dice) 

2 Playing counting games, using child computer or arithmetic software (e.g., playing 
with ‘My first computer’ (to practice arithmetic and counting skills), playing Disney 
preschool)

3 Practicing numerical conceptual knowledge (e.g., ordering objects by size, shape, 
colour; arranging objects by size, height; mass, number; what is more/less)

4 Rehearsing counting rhymes 

Note. A scale ranging from 1 to 5 was included for each item.

Parents’ numeracy expectations

 Question. To what extent do you expect your child to master the following early 
numeracy skills at the end of kindergarten? Circle 1 if you expect your child not to master a 
particular skill at all, circle 2 when you expect your child to master the particular skill a little, 
circle 3 if you expect your child to sufficiently master the particular skill, and circle 4 when 
you expect your child to completely master the particular skill.

1 Expectation of child’s performance on comparing objects (e.g., which tree is the 
largest?)

2 Expectation of child’s performance on arranging objects (e.g., by size, height, mass, 
number)

3 Expectation of child’s ability to count to 20 (forward)
4 Expectation of child’s ability to count to 20 (backward)
5 Expectation of child’s ability to count without hands

Note. A scale ranging from 1 to 4 was included for each item.
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Chapter 8

Relations between home 

numeracy experiences and basic 

calculation skills of children with 

and without SLI7

7 Reference: Kleemans, T., Segers, E., & Verhoeven, L. (in press). Relations between home 
numeracy experiences and basic calculation skills of children with and without specific 
language impairment. Early Childhood Research Quarterly. doi: 10.1016/j.ecresq.2012.10.004
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Abstract

 The present study examined the relations between home numeracy experiences (i.e., 
parent-child numeracy activities and parents’ numeracy expectations) and basic calculation 
skills (i.e., addition and subtraction) of children with Specific Language Impairment (SLI) 
and their peers with Normal Language Achievement (NLA), while taking into account 
their cognitive and linguistic capacities. Fifty children with SLI and 100 children with NLA 
were tested on cognitive, linguistic, and basic calculation skills, and their parents filled 
in questionnaires on home numeracy activities and numeracy expectations. The results 
showed parents of children with SLI report engaging in fewer numeracy-related activities 
and have lower numeracy expectations for their children than parents of children with NLA. 
Furthermore, parent-child numeracy activities were stronger associated with addition and 
subtraction for children with SLI. It is thus especially important that parents of children 
with SLI are made aware of their important role in the development of their child’s basic 
calculation skills.
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Introduction

 Specific Language Impairment (SLI) is characterized by severe deficiencies in 
language development in the absence of intellectual or physical disabilities, hearing loss, or 
environmental influences (Bishop, 1992). Previous research has consistently indicated that 
children with SLI exhibit developmental weaknesses in the domain of phonological, lexical, 
and grammatical abilities (Bishop & Snowling, 2004) which puts them at risk for developing 
academic difficulties in primary education. To be more specific, next to poor literacy and reading 
skills (Catts, Fey, Tomblin, & Zhang, 2002), a growing number of studies also indicates that, 
compared to their peers with Normal Language Achievement (NLA), children with SLI have 
lower basic calculation skills (i.e., addition and subtraction of numbers less than ten) (Cowan, 
Donlan, Newton, & Lloyd, 2005; Fazio, 1996; Koponen, Mononen, Räsänen, & Ahonen, 2006). 
This can tentatively be explained from the fact that the acquisition of arithmetic is related to 
the language system (Dehaene, Piazza, Pinel, & Cohen, 2003; Simmons, Singleton, & Horne, 
2008), and that the impaired language abilities of children with SLI are negatively related to 
their basic calculation skills (e.g., Cowan et al., 2005; Kleemans, Segers, & Verhoeven, 2012). 
However, besides these child abilities, numeracy experiences in the home may be an important 
contextual factor in the development of basic calculation skills (LeFevre et al., 2009). Home 
numeracy experiences can be defined as a combination of unique, yet interrelated, aspects that 
stimulate the numeracy skills of children, such as parent-child numeracy activities (LeFevre et 
al., 2009) and parents’ numeracy expectations (LeFevre, Polyzoi, Skwarchuk, Fast, & Sowinski, 
2010). In the research conducted so far, the relations between home numeracy experiences 
and basic calculation skills in children with SLI have not been established yet. This is puzzling, 
as unique relationships between home numeracy experiences and basic calculation skills 
have been found in children with NLA (LeFevre et al., 2009), and it has been suggested in 
previous research that the interaction between contextual factors and deficiencies in language 
development places children with SLI at an elevated risk for learning difficulties (Martin, 
Volkmar, & Lewis, 2007). In the present study, we therefore examined to what extent home 
numeracy experiences relate to the basic calculation skills of children with SLI, while taking 
into account cognitive and linguistic factors.

Child Factors of Basic Calculation Skills

 The ability to add or subtract is first preceded by early numeracy skills (e.g., counting, 
arithmetic conceptual knowledge) (Desoete & Grégoire, 2006; Nunes & Bryant, 1996). 
Previous research has shown that addition and subtraction are processed in different parts 
of the brain, and can thus be seen as different types of mental calculations underlying basic 
arithmetic skills (Dehaene et al., 2003). Although little is known about which other child 
abilities are related to the development of arithmetic, a framework on the acquisition of basic 
calculation skills can be derived from previous research according to which both cognitive 
and linguistic factors are found to play a role (cf. Kleemans, Peeters, Segers, & Verhoeven, 
2012; LeFevre, Fast, et al., 2010). With respect to cognitive factors, general intelligence and 
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working memory have been found to be associated with basic calculation outcomes of both 
children with SLI (e.g., Cowan et al., 2005) and NLA (e.g., De Smedt et al., 2009; Stock, Desoete, 
& Roeyers, 2009). Linguistic factors such as phonological awareness and grammatical ability 
are also related to basic calculation skills. Problems in phonological awareness negatively 
influence the efficient use of the verbal codes needed during simple arithmetic (Simmons 
& Singleton, 2008). Likewise, grammatical ability and basic calculation skills both rely on 
common syntactical rules and structures (cf. Baldo & Dronkers, 2007; Jackendoff, 2002). 
Phonological awareness and grammatical ability have been found to relate to basic calculation 
skills in both children with SLI and NLA (Kleemans, Segers, et al., 2012). 
 Finally, naming speed is another child factor that needs to be taken into account. Both 
naming speed and basic calculation skills rely on fast and efficient retrieval of linguistically 
dependent representations from long-term memory (Koponen et al., 2006). Kleemans, 
Segers, et al. (2012) found naming speed to differentially relate to learning outcomes in 
basic calculation skills in children with SLI. They suggested that the level in which naming 
speed is impaired may act as a clinical marker in identifying those children with SLI who are 
likely to develop problems in basic calculation skills.

Home Factors of Basic Calculation Skills

 Next to child factors, individual differences in learning are related to variations in 
experiences in the home as well (Melhuish et al., 2008). Research on the extent in which 
home numeracy experiences are associated with basic calculation outcomes in both children 
with SLI and children with NLA is scarce, especially when contrasted to what is known about 
the relationships between home literacy experiences and literacy outcomes in both typical 
(e.g., Sénéchal, LeFevre, Thomas, & Daley, 1998) and atypical populations (e.g., McGinty & 
Justice, 2009; Van der Schuit, Peeters, Segers, Van Balkom, & Verhoeven, 2009). Studies on 
the role home literacy experiences in literacy skills showed that parent literacy activities 
were directly related to children’s early literacy skills, even after parent education and child’s 
vocabulary skills were controlled for (Sénéchal, 2006). Van der Schuit and colleagues (2009), 
studying children with intellectual disabilities, suggested that parents adapt their level to the 
developmental level of their children, which may not always be the most stimulating option 
for children who lag behind. Indeed, Skibbe, Justice, Zucker, and McGinty (2008) found parents 
of children with SLI report engaging in fewer literacy related practices and also have lower 
literacy expectations than parents of children with NLA, whereas McGinty and Justice (2009) 
showed the quality of home literacy experiences to be associated with print knowledge 
in children with SLI. Given the relatedness between linguistic and arithmetic skills, similar 
results may be expected for aspects of home numeracy experiences on basic calculation skills, 
as recent research indicates that aspects of home numeracy experiences relate to individual 
differences in basic calculation skills as well (LeFevre et al., 2009; Melhuish et al., 2008). 
 The two most important aspects of home numeracy experiences that can be extracted 
from research in typically developing children are parent-child numeracy activities and 
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parents’ numeracy expectations. With regard to parent-child numeracy activities, Blevins-
Knabe and Musun-Miller (1996) found the frequency of numeracy-related activities in 
the homes of 49 American kindergarten children to be both positively (e.g., the parents 
using number words) and negatively (e.g., the parent reciting the numbers) related to the 
children’s early numeracy skills. The authors explained the negative correlations by the fact 
that parents possibly spend more time on numeracy-related activities when children have 
difficulties in numeracy skills. In another study, Blevins-Knabe, Berghout, Musun-Miller, 
Eddy, and Jones (2000) did not find relationships between parent-child numeracy activities 
and children’s early numeracy skills. Both studies of Blevins-Knabe and colleagues (1996, 
2000) used correlations between individual items and early numeracy skills, instead of 
factor scores which would increase reliability. 
 The relationships between the frequency of parent-child numeracy activities and 
later basic calculation skills have been reported in other research. To begin with, Huntsinger, 
Jose, Larson, Balsink Krieg, and Shaligram (2000) found the efforts of Chinese American 
and European American parents to teach their children simple sums in kindergarten, to 
be positively related to later achievement in basic calculation skills. Pan, Gauvain, Liu, and 
Cheng (2006) reported similar results for Chinese speaking children: The frequency of 
parent-child numeracy activities was significantly related to later performance on counting 
and addition. Finally, LeFevre et al. (2009) found that parent-child numeracy activities 
measured at kindergarten was associated with addition and subtraction in Grade 1, even 
when verbal ability and working memory were taken into account. 
 With respect to the relations between parents’ numeracy expectations and basic 
calculation skills, the literature is much less developed. To the best of our knowledge, only 
two comprehensive studies in relating parents’ numeracy expectations to numeracy skills 
were conducted so far. LeFevre, Polyzoi, et al. (2010) showed that parents with higher 
numeracy expectations engaged in more numeracy-related practices, which was associated 
with better achievement on the part of the child. And Kleemans, Peeters, et al. (2012) found 
similar results for 89 kindergartners: The higher the parents’ numeracy expectations, the 
better the child’s early numeracy skills.
 Previous research focused on either parent-child numeracy activities or parents’ 
numeracy expectations in relation to basic calculation outcomes, but the two have not been 
combined in one design, leaving the question how the combination of both aspects of home 
numeracy experiences are uniquely associated with the acquisition of basic calculation 
skills. Furthermore, child factors (i.e., general intelligence, working memory, phonological 
awareness, grammatical ability, and naming speed) relate to basic calculation skills, and thus 
also need to be included. In a recent cross-sectional study, Kleemans, Peeters, et al. (2012) 
combined both child and home factors in relating aspects of home numeracy experiences 
to early numeracy skills and found both parent-child numeracy activities and parents’ 
numeracy expectations to be associated with early numeracy skills of children with NLA, 
next to such child factors as phonological awareness and grammatical ability. 
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The Present Study

 Converging evidence shows home numeracy experiences (i.e., parent-child numeracy 
activities, parents’ numeracy expectations) to be related to basic calculation skills. However, 
no research conducted so far related these aspects to basic calculation skills of children 
with SLI, even though exposure to numeracy-related activities at home may be an important 
way to reduce their delays in basic calculation skills. In the present longitudinal study, we 
therefore examined the relations between home numeracy experiences (i.e., parent-child 
numeracy activities and parents’ numeracy expectations), measured in the second year of 
kindergarten, and basic calculation outcomes of children with SLI and their peers with NLA 
one year later in grade one, while taking into account cognitive and linguistic child factors . 
Given that addition and subtraction have a different neurological origin (cf. Dehaene et al., 
2003), we used both calculation skills as an outcome measure in the present study.
 The present study is conducted in the Netherlands. In the Netherlands, children 
enter the first of two years of kindergarten at the age of four. Halfway through kindergarten, 
children are expected to have phonological awareness (e.g., rhyming, blending) and 
knowledge of some letters of the alphabet. Furthermore, children are expected to count 
objects forward and backward (e.g., apples) with and without hands and they should be able 
to solve elementary arithmetical problems (e.g., one apple plus one apple makes two apples). 
After two years of kindergarten, the children enter the equivalent of first grade where formal 
reading and arithmetic instruction is started. Halfway through first grade, children are 
supposed to read one-syllable words. Furthermore, they are expected to successfully solve 
simple addition and subtraction problems (i.e., addition and subtraction problems that do 
not contain carryover operations) (Van der Stap, 2009). 
 In the Netherlands, there are special schools for children with SLI. Children who 
enter these schools are diagnosed by an interdisciplinary team, consisting of educational 
psychologists, speech therapists, physicians, and clinical linguists. The diagnosis of SLI is 
given when the child has severe problems in receptive or productive language domains (> 
-1.5 SD on a minimum of two subtests out of a standardized series of tests) which are not the 
direct result of intellectual or physical disabilities, hearing loss, or environmental influences. 
In the present study, we therefore excluded children with hearing impairments (> 30 dB) 
and children with autistic spectrum disorders (ASD). The following research questions were 
addressed:

1 Do aspects of home numeracy experiences differ for children with SLI and children 
with NLA?

2 To what extent can the variation in basic calculation skills of children with SLI and 
children with NLA in grade one be related to their home numeracy experiences, 
measured at kindergarten, while taking into account their cognitive and linguistic 
capacities?

 With respect to the first research question, we expected parents of children with SLI 
report engaging in fewer numeracy-related activities and have lower numeracy expectations 
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than parents of children with NLA. Home literacy research in children with SLI (cf. Skibbe 
et al., 2008) showed parents of children with SLI report engaging in fewer literacy related 
practices and also have lower literacy expectations than parents of children with NLA. 
Because of the relatedness between linguistic and arithmetic skills (cf. Kleemans et al., 
2012), similar results were expected for aspects of home numeracy experiences (i.e., parent-
child numeracy activities and parents’ numeracy expectations). With respect to the second 
research question, we expected that both parent-child numeracy activities and parents’ 
numeracy expectations would significantly relate to the variance in basic calculation skills 
of children with SLI and their peers with NLA, even when children’s cognitive and linguistic 
capacity are taken into account. 

Method

Participants

 The present study was part of a longitudinal study on the role of child and home factors 
in numeracy development (Kleemans, Segers, et al., 2012). At Time 1 (i.e., kindergarten), the 
group consisted of 111 children (Mage 72.70 months, age range 64-86 months) from three 
schools for mainstream primary education and 61 children with SLI (Mage 73.95 months, 
age range 59-85 months) from four schools for special education, in the second year of 
kindergarten. Their parents were asked to complete questionnaires on home numeracy. 
Only children whose parents completed the questionnaires and gave passive consent to let 
their child participate were included in the present study. The average response rate was 
87.7 %, resulting in a group of 100 children (Mage 84.85 months, age range 77-98 months) 
from mainstream primary education and 50 children with SLI (Mage 86.00 months, age range 
75-97 months) from special education at Time 2 (i.e., first grade). Preliminary analysis per 
group showed no differences on the child factors, home factors, and basic calculation skills 
(i.e., addition and subtraction) between the children who dropped out and the children who 
participated in the present study. 
 All children with SLI were tested on having normal nonverbal capacities, using the 
Raven’s Coloured Progressive Matrices (Raven, 1956), to ensure that the two groups did not 
differ in nonverbal intellectual ability. The average standard score of the group of children 
with SLI was 4.60 (M = 5, SD = 2), indicating a normal level of nonverbal intelligence.
 On the home numeracy questionnaire, one question regarded the language spoken 
at home. All children spoke Dutch as their native language. Furthermore, another question 
regarded socioeconomic status (SES). The educational background of the parents was used as 
a proxy for SES (cf. Melhuish et al., 2008), and was measured on a 4-point scale (cf. Denessen, 
Driessen, & Sleegers, 2005) ranging from 1 to 4. A “1” indicated that no postsecondary 
education was completed (i.e., the parent only completed high school, which is compulsory 
in the Netherlands); a “2” indicated that the parent completed intermediate postsecondary 
education (i.e., education oriented towards vocational training); a “3” indicated that the 
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parent completed higher education (i.e., university of applied sciences), and a “4” indicated 
that the parent completed university (i.e., research university). Preliminary analysis showed 
no differences between the two groups of children in SES (p = .231) and age (p = .161). 

Materials

Child factors (Time 1: kindergarten).

 General intelligence. The Raven’s Coloured Progressive Matrices (Raven, 1956) was 
used to measure general intelligence. Thirty-six visual patterns, with increasing difficulty 
were presented to the child, with a piece missing in each puzzle. The child had to choose 
the missing piece out of six alternatives. All correct answers were counted and converted 
into Dutch norm scores (Van Bon, 1986). This measure had a good internal consistency 
(Cronbach’s alpha = .90; Van Bon, 1986). Cronbach’s alpha in the current sample was .80, 
indicating good reliability.
 Working memory: Central executive functioning. When relating working memory 
to mathematical outcomes, Baddeley’s (1986) three componential model is often used, 
consisting of a central executive as primary system, and a phonological loop and visual-
spatial sketchpad as slave systems. The Number Recall subtest from the Kaufman Assessment 
Battery for Children, second edition (KABC-II) (Kaufman & Kaufman, 2004) was used to 
assess the capacity of central executive functioning. The child had to recall a sequence of 
digits in backward order, with increasing difficulty as the child progressed through the 
test (minimum of two digits, maximum of nine digits). An interval of one second was left 
between each digit. Testing was terminated after three consecutive failures. The number of 
correctly recalled sequences was counted. The internal consistency (Cronbach’s alpha) was 
.85, indicating good reliability (Kaufman, Lichtenberger, Fletcher-Janzen, & Kaufman, 2005). 
Cronbach’s alpha in the current sample was .83, indicating good reliability.
 Working memory: Phonological loop. The subtest Woorden en Zinnen Nazeggen 
[Repeating Words and Sentences] from the ESM-toets [Test for Children With Specific 
Language Impairment] (Verhoeven, 2005) was used to measure the phonological loop. 
First, the child had to correctly recall 12 sequences of words, with increasing difficulty (i.e., 
the number of words increases as testing progresses). An interval of one second was left 
between each word. Second, the child had to correctly recall 12 sentences, with increasing 
difficulty. In both parts, testing was terminated when the child failed on four consecutive 
trails. The correctly recalled sequences or sentences were counted. The internal consistency 
was good (Cronbach’s alpha = .88; Verhoeven, 2005). Cronbach’s alpha in the current sample 
was .81, indicating good reliability.
 Working memory: Visual-spatial sketchpad. The visual-spatial sketchpad was 
assessed using the subtest Geheugenspan [Memory Span] from the Revisie Amsterdamse 

Kinder Intelligentie Test [Revision Amsterdam Child Intelligence Test] (RAKIT) (Bleichrodt, 
Drenth, Zaal, & Resing, 1987). In this test, a sequence of abstract figures was presented on 
paper. The task of the child was to correctly reproduce the sequence, by using little blocks 
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on which these abstract figures were depicted. The number of abstract figures increased 
when the child progressed through the test. Testing was terminated after three consecutive 
failures. All correctly reproduced sequences were then counted. Internal consistency in the 
current sample was good (Cronbach’s alpha = .87).
 Naming speed. Naming speed was assessed by using the subtest Rapid naming: 

Plaatjes [Rapid Naming: Pictures] from the ESM toets [Test for Children With Specific 
Language Impairment] (Verhoeven, 2005). In this task, 120 items were presented on a five-
column card. These items consisted of five high frequent randomly presented words: schoen 
[shoe], eend [duck], bril [glasses], huis [house], and kam [comb]. After practicing ten items, 
the child had to name as many pictures as possible within a minute. All correctly recalled 
pictures were counted. Cronbach’s alpha was .95, indicating excellent reliability (Verhoeven, 
2005). Internal consistency (Cronbach’s alpha) in the current sample was .89, indicating 
good reliability.
 Phonological awareness. The Screeningsinstrument Beginnende Geletterdheid 
[Diagnostic Instrument for Emerging Literacy] (Vloedgraven, Keuning, & Verhoeven, 2009) 
was used to measure phonological awareness. The test consisted of four separate tasks. The 
first three tasks (i.e., rhyming, blending, synthesis) started with the presentation of three 
response alternatives both visually and auditory, followed by the auditory presentation of 
the target word. The instructions for the subsequent part of each task differed. For rhyming, 
the child had to select the picture (e.g., “bee,” “ball,” “monkey”) that rhymed with the target 
word. (e.g., “What rhymes with wall?”) For blending, only the initial letter was heard and 
the child had to click on the word (e.g., “doll,” “fire,” “lamb”) starting with the same initial 
letter (e.g., “f for fox”). For synthesis, the child had to indicate which of the three pictures 
corresponded with an orally presented letter-sound sequence (e.g., “r-o-s-e”). Finally, for 
receptive letter knowledge, four lowercase letters (i.e., graphemes) were visually presented 
on a computer screen (e.g., “l,” “r,” “f,” “s”). The child heard a phoneme and had to click on 
the corresponding grapheme (e.g., “l for lips”). Each of these tasks had good reliability 
(Cronbach’s alpha in the current sample was > .90).
 Grammatical ability. Three separate grammar tasks from the Taaltoets Alle 

Kinderen [Language Test for All Children] (Verhoeven & Vermeer, 1993) were used to 
measure grammatical ability. On each task, the child had to choose one of three pictures 
that corresponded with an auditory presented sentence. In the first task, 42 sentences were 
presented to the child that all contained function words. (e.g., “Which glass is full?”) The 
second task consisted of 32 sentences structures (e.g., “It is the boy who pushes the girl”) and 
finally, the child heard 32 nuances (e.g., “The glass is not full yet”). On each tasks, the number 
of correct answers were counted. The internal consistency of each task was good (Cronbach’s 
alpha > .82; Verhoeven & Vermeer, 2006). Cronbach’s alpha in the current sample was .84, 
indicating good reliability.
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Home factors (Time 1: kindergarten).

 A questionnaire on home numeracy practices was administered by the parents of 
the participants in the present study and was based on previous questionnaires on home 
numeracy practices (cf. Kleemans, Peeters, et al., 2012; LeFevre et al., 2009). The underlying 
factors were explored, using Principal Axis Factoring (PAF) with promax rotation. PAF with 
promax rotation was used, because it allowed factors to be interrelated without affecting 
the unique variances of each of the tasks on a particular factor (Allen & Yen, 1979). The 
number of factors extracted was based on two criteria. First, eigenvalues should be over 
one and second, all factors should be theoretical interpretable. An item was included in 
a factor when its factor loading was > .35. The results showed a two-factor solution, each 
factor accounting for at least 24.64% of the variability. The first factor covered Parent-child 
numeracy activities, the second factor consisted of Parents’ numeracy expectations. Principal 
Component Analysis (PCA), PAF, and Maximum Likelihood (ML) extraction methods all 
yielded comparable results leading to identical conclusions. The results are shown in Table 
1.
 Parent-child numeracy activities. In this part, parents were asked to rate six items 
on a 5-point scale (1 to 5) on the extent to which they participate in numeracy activities with 
their child. Parents were asked: “How often did you and your child engage in the following 
activities?” The higher the score, the more frequent the parent participated in numeracy-
related activities. A complete list is included in the Appendix. The internal consistency 
(Cronbach’s alpha) in the current sample was .93, indicating excellent reliability. 
 Parents’ numeracy expectations. In this part, parents were asked to fill in their 
expectations on how their child will perform at the end of first grade, using seven items on 
a 4-point scale (1 to 4). Parents were asked: “To what extent do you expect your child will 
master the following numeracy skills at the end of first grade?” A complete list is included in 
the Appendix. The higher the score, the higher the expectations on numeracy achievement. 
Cronbach’s alpha in the current sample was .89, indicating good reliability.
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Table 1
Results of the Principal Axis Factoring Analysis with Promax Rotation on Aspects of Home Numeracy Experiences 
(n=150)

Variable Eigen-
value

Percent 
explained 
variance

α Factor 
loading

Parent-child numeracy activities 5.547 42.668 .93

Making arithmetic puzzles .833

Talking about money when shopping .763

Doing counting activities .854

Playing counting games, using child computer or arithmetic software .847

Practicing numerical conceptual knowledge .845

Rehearsing counting rhymes .818

Parents’ numeracy expectations 3.203 24.641 .89

Expectation of child’s ability to count till 20 (forward and backward) .542

Expectation of child’s ability to count without hands .615

Expectations of child’s ability to count in groups of 2, 5 or 10 .648

Expectation of child’s performance on addition till 10 .812

Expectation of child’s performance on addition till 20 .880

Expectation of child’s performance on subtraction till 10 .793

Expectation of child’s performance on subtraction till 20 .867

Outcome measures (Time 2: first grade).

 Basic calculation skills: Addition and subtraction. The basic calculation skills of 
the children were measured using E-prime software (Schneider, Eschmann, & Zuccolotto, 
2002). The participants had to complete 40 single-digit addition problems, followed by 40 
single-digit subtraction problems, all in Arabic notation and without carryover operations. 
The subtraction items were derived as an inverse of the addition items (e.g., 3 + 5 = 8 and 
8 – 5 = 3 ). The child had to solve as many as arithmetical problems within a time frame of 
three minutes. Each arithmetical problem was preceded by an asterisk (i.e., “*”) to draw the 
child’s attention to the middle of the screen. Then, the item appeared in horizontal format. 
The participant had to administer the correct answer by using a numeric Universal Serial 
Bus (USB) keyboard, with the Arabic digits (i.e., 0-9) depicted on it. Furthermore, in each 
session, the items were presented in quasi-random order so that an Arabic digit presented 
in either the problem or solution did not occur in a previous or following item. This was 
done to prevent that one of the digits was already present in working memory (i.e., priming 
effects, cf. Jackson & Coney, 2007). All correct answers were counted. Both tasks had good 
reliability (Cronbach’s alpha > .81). The use of computer tasks to assess children’s’ basic 
calculation skills is used in other studies as well (cf. Kleemans, Segers, et al., 2012; Koponen 
et al., 2006). Furthermore, correlational analysis with a paper version of these tasks in a 
similar population of SLI and NLA children showed good convergent validity for both the 
addition (r = .85) and subtraction (r = .89) items. 
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Procedure

 The home numeracy questionnaire was sent to the parents after the schools agreed 
to participate. The questionnaire was administered halfway through the second year of 
kindergarten. The parent who was most involved in the numeracy-related activities with the 
child, was asked to fill in the questionnaires. Completed questionnaires were returned by 
post. 
 Data were collected halfway through the second year of kindergarten (Time 1) and 
one year later, halfway through first grade (Time 2). All tests were administered independent 
of the researchers. Eight testers were trained by an educational psychologist, before they 
went to the schools. Each child was assigned to one tester. All tests were subdivided in four 
blocks, half an hour each. General intelligence, working memory, and naming speed were 
assessed in the first block. The second and third block contained all linguistic measures 
(e.g., phonological awareness, grammatical ability) and finally, basic calculation skills were 
assessed in the fourth block. The blocks were randomly presented to the child. However, 
within a block, all tests were administered in the same order. All children were tested in a 
quiet room in their own school across a period of two months. 

Results

 To answer the first research question, we first performed t-tests for independent 
samples with Holm-Bonferroni correction (Holm, 1979) on all child factors, home factors, 
and outcome measures. The results showed that the children with SLI scored below the 
group with NLA on all measures, with the exception of general intelligence. Effect sizes (d) 
varied between 0.345 and 2.521 (see Table 2). 
 To answer the second research question, we performed a hierarchical regression 
analysis (HRA) on both outcome measures (i.e., addition and subtraction). The correlations 
are presented in Table 3. Because interaction terms may cause multicollinearity issues 
(Jewell, 2004), we centered all predictor variables prior to the regression analyses. In 
step 1 of the HRA, we included all child factors (i.e., general intelligence, central executive 
functioning, phonological loop, visual-spatial sketchpad, naming speed, phonological 
awareness, and grammatical ability), including a group variable (NLA = 0, SLI=1). In step 
2, we added the home factors (i.e., Parent-child numeracy activities and Parents’ numeracy 
expectations), to explore the additional contribution of the home numeracy constructs. In 
step 3, all corresponding interaction terms between the child factors and group were added, 
to explore additional differences between the two groups. Finally, in step 4, the interaction 
terms for the home factors (i.e., Parent-child numeracy activities and Parents’ numeracy 
expectations) were added. As suggested by Voeten and Van den Bercken (2003), adjusted 
R2 statistics were reported. In contrast to the conventional R2, the adjusted R2 corrects for 
the growing number of predictors in the model and is therefore a better indicator of the 
proportion of explained variance (Voeten & Van den Bercken, 2003). 
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Table 2
Descriptive Statistics for the NLA group (n=100) and SLI group (n= 50); Results of t-tests for Independent Sam-
ples; and Cohen’s d 

NLA SLI t d

Variable M SD M SD

General intelligence 5.04 2.730 4.60 2.506 0.962 0.158

Central executive functioning 4.00 1.773 1.74 1.454 9.021*** 1.483

Phonological loop 13.93 5.502 6.36 3.729 9.933*** 1.712

Visual-spatial sketchpad 5.67 1.913 3.52 1.418 7.760*** 1.378

Naming speed 39.95 12.621 34.46 13.308 2.466* 0.405

Phonological awareness

Rhyming 9.23 1.109 6.04 2.119 9.985*** 2.521

Blending 7.85 2.401 4.80 2.000 7.736*** 1.272

Synthesis 8.41 1.970 5.22 2.341 8.770*** 1.442

Letter knowledge 21.73 5.671 11.78 5.096 10.469*** 1.721

Grammatical ability

Function words 35.81 3.047 29.14 3.860 11.535*** 1.896

Sentences structures 28.10 2.355 21.30 4.678 9.683*** 2.465

Nuances 27.05 3.013 21.66 3.718 9.563*** 1.572

Parent-child numeracy activities

Making arithmetic puzzles 2.53 1.251 1.98 0.769 3.318** 0.558

Talking about money when shopping 2.77 0.875 2.20 0.670 4.420*** 0.795

Doing counting activities 2.53 1.077 1.82 0.691 4.882*** 0.828
Playing counting games, using child computer 
or arithmetic software 2.55 1.104 1.82 0.774 4.694*** 0.818

Practicing numerical conceptual knowledge 2.61 1.127 2.08 0.853 3.210** 0.575

Rehearsing counting rhymes 2.28 1.111 1.64 0.921 3.740*** 0.695

Parents’ numeracy expectations
Expectation of child’s ability to count till 20 
(forward and backward) 3.87 0.338 3.18 0.691 6.675*** 1.097

Expectation of child’s ability to count 
without hands 3.49 0.759 3.14 0.756 2.666** 0.438

Expectations of child’s ability to count in 
groups of 2,5 or 10 3.14 0.853 2.84 0.766 2.099* 0.345

Expectation of child’s performance on 
addition till 10 3.78 0.416 3.20 0.857 4.525*** 1.160

Expectation of child’s performance on 
addition till 20 3.39 0.764 2.80 0.945 4.107*** 0.675

Expectation of child’s performance on 
subtraction till 10 3.42 0.855 2.88 0.824 3.690*** 0.607

Expectation of child’s performance on 
subtraction till 20 3.13 0.906 2.34 0.848 5.140*** 0.845

Basic calculation skills

Addition 27.45 8.834 14.76 8.499 8.397*** 1.381
Subtraction 17.67 7.636 11.58 7.685 4.595*** 0.731

* p < .05. ** p < .01. *** p < .001.
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Table 3
Correlations Among the Child Predictors, Home Predictors, and Basic Calculation Skills (n = 150)

Variable 1 2 3 4 5 6 7 8 9 10 11
1.  General 

intelligence -

2.  Central 
executive 
functioning 

.227** -

3:  Phonological 
loop .176* .542*** -

4.  Visual-spatial 
sketchpad .127 .436*** .385*** -

5. Naming speed .068 .176* .206* .238** -
6.  Phonological 

awareness .166* .548*** .608*** .418*** .230** -

7.  Grammatical 
ability .282*** .514*** .614*** .412*** .234** .684*** -

8.  Parent-child 
numeracy 
activities

.134 .333*** .201* .241** .147 .264** .256** -

9.  Parents’ 
numeracy 
expectations

.193* .336*** .380*** .242** .342*** .373*** .422*** .264** -

10. Addition .330*** .512*** .558*** .385*** .294*** .612*** .635*** .463*** .543*** -

11. Subtraction .291*** .346*** .407*** .309*** .178* .453*** .475*** .372*** .383*** .747*** -

* p < .05. ** p < .01. *** p < .001.

 The results in step 1 showed significant positive relationships between general 
intelligence, phonological awareness, and grammatical ability on the one hand and addition 
and subtraction on the other hand. In step 2, parent-child numeracy activities and parents’ 
numeracy expectations turned out to be positively related to addition and subtraction as 
well: Higher scores on parent-child numeracy activities and higher numeracy expectations 
were associated with higher scores on addition and subtraction. 
 In step 3, the results showed that group moderated the association between naming 
speed on the one hand and addition and subtraction on the other hand. Post hoc probing 
(Hayes & Matthes, 2009) showed that naming speed was positively related to addition 
(β = .209, p = .008) and subtraction (β = .154, p = .049) for children with SLI, whereas no 
relationships were found for the NLA group (addition: β = -.041, p = .441; subtraction β 
= -.090, p = .093). Separate correlational analyses between addition and subtraction on 
the one hand, and each group (NLA vs. SLI) with naming speed on the other hand yielded 
comparable results leading to identical conclusions. 
 Finally, in step 4, we found a Group x Parent-child numeracy activities interaction. Post 
hoc probing revealed that parent-child numeracy activities were positively related to addition 
and subtraction, but these relationships were stronger for the group of children with SLI 
(addition: β = 1.379, p < .001; subtraction: β = 1.134, p < .001), when compared to the group 
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of children with NLA (addition: β = .351, p = .003; subtraction: β = .252, p = .031). Separate 
correlational analyses yielded comparable results leading to identical conclusions. Additional 
t-test for independent samples with Holm-Bonferroni correction (Holm, 1979) indicated 
that children with SLI and higher parent-child numeracy activities (> -1SD below the mean 
score of the NLA group) performed better on addition (p < .001) and subtraction (p < .001) 
than children with SLI and lower parent-child numeracy activities (< -1SD below the mean 
score of the NLA group). Furthermore, the results showed that the Group x Parents’ numeracy 
expectations interaction was not significant. Thus, as regards the relations between parents´ 
numeracy expectations and basic calculation skills (i.e., addition and subtraction), the results 
suggested identical relationships for children with SLI and children with NLA. The results are 
shown in Table 4. Post-hoc power analysis revealed that each step in the regression analysis 
(in terms of Cohen’s f 2) had sufficient power ( > .80) at the .05 level (two-tailed).

Table 4
Child and Home Factors of Basic Calculation Skills in Children with SLI (n=50) and Children with NLA (n= 100); 
and Cohen’s f 2

Addition Subtraction
Predictor ∆R² f 2 β ∆R² f 2 β
Step 1 .535*** 1.15 .306*** 0.441

General intelligence .171** .155*

Central executive functioning .097 .036
Phonological loop .138 .110
Visual-spatial sketchpad .026 .098
Naming speed .118 .034
Phonological awareness .202* .226*

Grammatical ability .223* .235*

Group -.075 .132
Step 2 .092*** 0.247 .071** 0.114

Parent-child numeracy activities .239*** .233**

Parents’ numeracy expectations .220*** .159*

Step 3 .039* 0.120 .089** 0.167
Group x General intelligence - -
Group x Central executive functioning - -
Group x Phonological loop - -
Group x Visual-spatial sketchpad - -
Group x Naming speed .213** .283**

Group x Phonological awareness - -
Group x Grammatical ability - -

Step 4 .025** 0.081 .034* 0.070
Group x Parent-child numeracy activities .229** .266**

Group x Parents’ numeracy expectations - -
Total R²adj .647*** .428***

Note. Only significant interaction effects are displayed. 

* p < .05. ** p < .01. *** p < .001.
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Conclusions and Discussion

 In the present study, we investigated the relations between aspects of home 
numeracy experiences (i.e., parent-child numeracy activities and parents’ numeracy 
expectations) and basic calculation skills of children with SLI and their peers with NLA. Two 
research questions were answered. The first question was on differences in home numeracy 
experiences between the group of children with SLI and the group of children with NLA. The 
second research question was on the extent in which the basic calculation skills of children 
with SLI and their peers with NLA can be related to their home numeracy experiences, while 
taking into account their cognitive and linguistic capacities. In line with previous research 
(e.g., Cowan et al., 2005), we found children with SLI to score below their peers with NLA 
on addition and subtraction. Furthermore, this group of children also had lower scores on 
working memory skills (cf. Alloway & Archibald, 2008; Hick, Botting, & Conti-Ramsden, 
2005), naming speed (cf. Miller, Kail, Leonard, & Tomblin, 2001), phonological awareness, 
and grammatical ability (cf. Bishop & Snowling, 2004). 
 With respect to the first research question, the present study was the first to show, 
analogous to what is known on aspects of home literacy experiences (Skibbe et al., 2008), 
that parents of children with SLI report engaging in fewer numeracy-related activities, 
when compared to parents of children with NLA. Furthermore, the results also showed 
that parents of children with SLI have lower numeracy expectations for their children than 
parents of children with NLA. 
 With respect to the second research question, we found general intelligence, 
phonological awareness, and grammatical ability to be related to the basic calculation skills 
of both children with SLI and NLA. The results confirmed earlier research (e.g., Simmons 
et al., 2008) in supporting the conclusion that the acquisition of basic calculation skills is 
highly associated with linguistic skills. Furthermore, the results confirmed earlier research 
in finding naming speed to differentially relate to basic calculation skills in children with SLI 
(cf. Kleemans, Segers, et al., 2012).
 In the present study, we found unique longitudinal associations of both parent-child 
numeracy activities and parents’ numeracy expectations with basic calculation skills (i.e., 
addition and subtraction), after controlling for important cognitive (i.e., general intelligence, 
working memory) and linguistic (i.e., phonological awareness, grammatical ability, naming 
speed) child factors that emerge from previous research (cf. Kleemans, Segers, et al., 2012; 
LeFevre, Fast, et al., 2010). These results highlight the importance of the home environment 
in the development of basic calculations skills in children with SLI and their peers with NLA.
 Furthermore, the results showed that parent-child numeracy activities were stronger 
related to the basic calculation skills of children with SLI. A possible explanation for this 
relationship might be that parents of SLI children, being aware of their child’s academic 
difficulties, engage more actively in numeracy-related activities with their child, which may 
in turn reduce the delays in basic calculation skills. Indeed, the results showed that children 
with SLI and higher parent-child numeracy activities (> -1SD below the mean score of the 
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NLA group) performed better on addition and subtraction than children with SLI and lower 
parent-child numeracy activities (< -1SD below the mean score of the NLA group). 
 Of course, several limitations apply to the present study. First, although the results 
of the present study suggest that parents of children with SLI that are more aware of their 
child’s difficulty, engage in more numeracy-related activities, these data are inherently 
correlational. We therefore cannot rule out the possibility that children with SLI, who 
have reduced linguistic skills, might be less interested in the numeracy activities (or find 
them harder and less enjoyable), and so parents may be less likely to engage in them. Thus, 
whether the Parent-child numeracy activities x Group interaction in the present study reflects 
parents awareness of the importance of numeracy-related activities or just an orientation 
towards greater involvement on the part of some parents remains unclear. Moreover, 
without a comparable measure of early literacy experiences, we cannot be sure whether 
this is a numeracy-specific finding or is related to (more generally) the difficulties children 
with SLI experience with linguistically-oriented home practices, especially since addition 
and subtraction are both related to linguistic skills. Therefore, a separate assessment of 
both home literacy activities and home numeracy activities is needed. Future research could 
focus on this.
 Second, a point of caution should be mentioned regarding the distribution of SES. 
Seventy-three percent of the parents were middle or highly educated, making it difficult to 
generalize the results to families of parents with lower educational levels. Starkey, Klein, 
and Wakeley (2004) found SES-related differences in home numeracy practices: Middle-
income parents provided their children with a range of numeracy activities that was broader 
and occurred more frequently than low-income parents did. SES may thus moderate the 
relationship between parent-child numeracy activities and basic calculation outcomes, 
especially as it has been found by Melhuish et al. (2008) that both SES and home numeracy 
experiences at age 7 can be seen as an important source of variation in explaining differences 
in numeracy skills between underachieving and average groups and underachieving and 
overachieving groups. The stronger relationships with the home numeracy environment 
may thus be more localized on the lower ability range. As children with SLI are in this lower 
ability range in both their linguistic and basic calculation skills (Cowan et al., 2005), it can 
be expected that the relations between aspects of home numeracy experiences and basic 
calculation skills would presumably be stronger when the full range of SES is included. 
Therefore, more knowledge is needed to gain insight into the home numeracy experiences 
of families with lower educational levels. 
 Finally, the present study did not assess the quality of interaction between parents 
and their child, during a numeracy-related activity. McGinty and Justice (2009) found 
the quality of home literacy experiences to be associated with print letter knowledge in 
children with SLI. Given the fact that the acquisition of basic calculation skills is related to 
linguistic ability (cf. Kleemans, Segers, et al., 2012), similar results may be expected for basic 
calculation skills as well. As a case in point, Bjorklund, Hubertz, and Reubens (2004) showed 
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that effective use of parents’ modelling techniques is related to better calculation skills on 
the part of the child. It is therefore important to further investigate what parents exactly do 

during a numeracy-related activity with the child (LeFevre et al., 2009). This may also relate 
to differences within the group of children with SLI, for example, regarding their level of 
expressive and receptive language, which could be a focus of further research.
 To conclude, the present longitudinal study showed both child and home factors, 
measured in the second year of kindergarten, to be associated with basic calculation skills 
in children with SLI and their peers with NLA in grade one. This finding has some important 
implications for both the home and school environment. First, parents of children with SLI 
should be made aware that they may play a crucial role in reducing their child’s delay in 
the development of numeracy skills. Second, it can be recommended to parents that they 
start numeracy activities together with the child as soon as possible, preferably before the 
start of formal arithmetic education. Third, educational practitioners are encouraged to 
stimulate parents in engaging in numeracy activities with their child. Finally, when it comes 
to assessment of basic calculation skills, it is necessary to note that both child and home 
factors need to be taken into account.



145

8

Relations between home numeracy experiences and basic calculation skills of children with and without SLI

References

Allen, M. J., & Yen, W. M. (1979). Introduction to measurement theory. Monterey, CA: Brooks/
Cole.

Alloway, T. P., & Archibald, L. M. (2008). Working memory and learning in children with 
developmental coordination disorder and specific language impairment. Journal of 

Learning Disabilities, 41, 251-262. doi:10.1177/0022219408315815
Baddeley, A. D. (1986). Working memory. Oxford, United Kingdom: Oxford University Press.
Baldo, J., & Dronkers, N. (2007). Neural correlates of arithmetic and language comprehen-

sion: A common substrate? Neuropsychologia, 45, 229-235. doi:10.1016/j.neuropsy-
chologia.2006.07.014

Bishop, D. V. M. (1992). The underlying nature of specific language impairment. Journal of 

Child Psychology and Psychiatry, 33, 3-66. doi:10.1111/j.1469-7610.1992.tb00858.x
Bishop, D. V. M., & Snowling, M. J. (2004). Developmental dyslexia and specific language impair-

ment: Same or different? Psychological Bulletin, 130, 6, 858-886. doi:10.1037/0033-
2909.130.6.858

Bjorklund, D. F., Hubertz, M. J., & Reubens, A. C. (2004). Young children’s arithmetic strat-
egies in social context: How parents contribute to children’s strategy development 
while playing games. International Journal of Behavioral Development, 28, 347–357. 
doi:10.1080/01650250444000027

Bleichrodt, N., Drenth, P. J. D., Zaal, J. N., & Resing, W. C. M. (1987). RAKIT. Handleiding bij 

de Revisie Amsterdamse Kinder Intelligentie Test [Manual for the Revison Amsterdam 
Child Intelligence Test]. Lisse, the Netherlands: Swets & Zeitlinger. 

Blevins-Knabe, B., Berghout, A. A., Musun-Miller, L., Eddy, A., & Jones, R. M. (2000). Fam-
ily home care providers’ and parents’ beliefs and practices concerning math-
ematics with young children. Early Child Development and Care, 165, 41-58. 
doi:10.1080/0300443001650104

Blevins-Knabe, B., & Musun-Miller, L. (1996). Number use at home by children and their 
parents and its relationship to early mathematical performance. Early Develop-

ment and Parenting, 5, 35–45. doi:10.1002/(SICI)1099-0917(199603)5:1<35::AID-
EDP113>3.0.CO;2-0

Catts, H. W., Fey, M. E., Tomblin, J. B., & Zhang, Z. (2002). A longitudinal investigation of read-
ing outcomes in children with language impairments. Journal of Speech, Language, 

and Hearing Research, 45, 1142-1157. doi:10.1044/1092-4388(2002/093)
Cowan, R., Donlan, C., Newton, E. J., & Lloyd, D. (2005). Number skills and knowledge in 

children with specific language impairment. Journal of Educational Psychology, 97, 
732-744. doi:10.1037/0022-0663.97.4.732

De Smedt, B., Janssen, R., Bouwens, K., Verschaffel, L., Boets, B., & Ghesquière, P. (2009). 
Working memory and individual differences in mathematics achievement: A longitu-
dinal study from first grade to second grade. Journal of Experimental Child Psychology, 

103, 186–201. doi:10.1016/j.jecp.2009.01.004



146

Chapter 8

Dehaene, S., Piazza, M., Pinel, P., & Cohen, L. (2003). Three parietal circuits for number pro-
cessing. Cognitive Neuropsychology, 20, 487-506. doi:10.1080/02643290244000239

Denessen, E., Driessen, G., & Sleegers, P. (2005). Segregation by choice? A study into group 
specific reasons for school choice. Journal of Education Policy, 20(3), 347-368. 
doi:10.1080/02680930500108981

Desoete, A., & Grégoire, J. (2006). Numerical competence in young children and in children 
with mathematical learning disabilities. Learning and Individual Differences, 16, 351–
367. doi:10.1016/j.lindif.2006.12.006

Fazio, B. B. (1996). Mathematical abilities of children with specific language impairment: A 
2-year follow-up. Journal of Speech, Language, and Hearing Research, 39, 1–10.

Hayes, A. F., & Matthes, J. (2009). Computational procedures for probing interactions in OLS 
and logistic regression: SPSS and SAS implementations. Behavior Research Methods, 
41, 924-936. doi:10.3758/BRM.41.3.924

Hick, R., Botting, N., & Conti-Ramsden, G. (2005). Cognitive abilities in children with specific 
language impairment: Consideration of visuospatial skills. International Journal of Lan-

guage & Communication Disorders, 40, 137–149. doi:10.1080/13682820400011507
Holm, S. (1979). A simple sequentially rejective multiple test procedure. Scandinavian Jour-

nal of Statistics, 6, 65–70. 
Huntsinger, C. S., Jose, P. E., Larson, S. L., Balsink Krieg, D., & Shaligram, C. (2000). Mathemat-

ics, vocabulary, and reading development in Chinese American and European Ameri-
can children over the primary school years. Journal of Educational Psychology, 92(4), 
745-760. doi:10.1037//0022-0663.92.4.745

Jackendoff, R. (2002). Foundations of language: Brain, meaning, grammar, evolution. Oxford, 
United Kingdom: Oxford University Press. 

Jackson, N., & Coney, J. (2007). Simple arithmetic processing: Surface form effects in a prim-
ing task. Acta Psychologica, 125(1), 1–19. doi:10.1016/j.actpsy.2006.05.003

Jewell, P. (2004). Statistics for epidemiology. Boca Raton, FL: Chapman & Hall/CRC.
Kaufman, A. S., & Kaufman, N. L. (2004). Kaufman Assessment Battery for Children (2nd ed.). 

Circle Pines, MN: American Guidance Service.
Kaufman, A. S., Lichtenberger, E. O., Fletcher-Janzen, E., & Kaufman, N. L. (2005). Essentials of 

KABC-II assessment. Hoboken, NJ: Wiley.
Koponen, T., Mononen, R., Räsänen, P., & Ahonen, T. (2006). Basic numeracy in children 

with specific language impairment: Heterogeneity and connections to language. 
Journal of Speech, Language, and Hearing Research, 49(1), 58-73. doi:10.1044/1092-
4388(2006/005)

Kleemans, T., Peeters, M., Segers, E., & Verhoeven, L. (2012). Child and home predictors of 
early numeracy skills in kindergarten. Early Childhood Research Quarterly, 27, 471-
477. doi: 10.1016/j.ecresq.2011.12.004

Kleemans, T., Segers, E., & Verhoeven, L. (2012). Naming speed as a clinical marker in pre-
dicting basic calculation skills in children with specific language impairment. Re-

search in Developmental Disabilities, 33(3), 882-886. doi:10.1016/j.ridd.2011.12.007 



147

8

Relations between home numeracy experiences and basic calculation skills of children with and without SLI

LeFevre, J., Fast, L., Skwarchuk, S. L., Smith-Chant, B. L., Bisanz, J., Kamawar, D., & Penner-
Wilger, M. (2010). Pathways to mathematics: Longitudinal predictors of performance. 
Child Development, 81(6), 1753-1767. doi:10.1111/j.1467-8624.2010.01508.x

LeFevre, J., Polyzoi, E., Skwarchuk, S., Fast, L., & Sowinski, C. (2010). Do home numeracy 
and literacy practices of Greek and Canadian parents predict the numeracy skills of 
kindergarten children? International Journal of Early Years Education, 18(1), 55-70. 
doi:10.1080/09669761003693926

LeFevre, J., Skwarchuk, S., Smith-Chant, B. L., Fast, L., Kamawar, D., & Bisanz, J. (2009). Home 
numeracy experiences and children’s math performance in the early school years. 
Canadian Journal of Behavioural Science, 41, 55–66. doi:10.1037/a0014532

Martin, A., Volkmar, F. R., & Lewis, M. (2007). Lewis’ Child and adolescent psychiatry. A com-

prehensive textbook. Philadelphia, PA: Lippincott, Williams & Wilkins. 
McGinty, A. S., & Justice, L. M. (2009). Predictors of print knowledge in children with specific 

language impairment: Experiental and developmental factors. Journal of Speech, Lan-

guage, and Hearing Research, 52, 81-97. doi:10.1044/1092-4388(2008/07-0279)
Melhuish, E. C., Sylva, K., Sammons, P., Siraj-Blatchford, I., Taggart, B., Phan, M., & Malin, A. (2008). 

Preschool influences on mathematics achievement. Science, 321, 1161-1162. 
doi:10.1126/science.1158808

Miller, C. A., Kail, R., Leonard, L. B., & Tomblin, J. B. (2001). Speed of processing in children 
with specific language impairment. Journal of Speech, Language, and Hearing Re-

search, 44, 416-433. doi:10.1044/1092-4388(2001/034)
Nunes, T., & Bryant, P. (1996). Children doing mathematics. Oxford, United Kingdom: Black-

well Publishers.
Pan, Y., Gauvain, M., Liu, Z., & Cheng, L. (2006). American and Chinese parental involve-

ment in young children’s mathematics learning. Cognitive Development, 21, 17–35. 
doi:10.1016/j.cogdev.2005.08.001

Raven, J. C. (1956). Guide to using the Coloured Progressive Matrices. London, United King-
dom: H. K. Lewis & Co. 

Schneider, W., Eschmann, A., & Zuccolotto, A. (2002). E-Prime user’s guide. Pittsburgh, PA: 
Psychology Software Tools, Inc.

Sénéchal, M. (2006). Testing the home literacy model: Parent involvement in kindergarten is 
differentially related to grade 4 reading comprehension, fluency, spelling, and read-
ing for pleasure. Journal for the Scientific Study of Reading, 10, 59-87. doi:10.1207/
s1532799xssr1001_4

Sénéchal, M., LeFevre, J. A., Thomas, E. M., & Daley, K. E. (1998). Differential effects of home 
literacy experiences on the development of oral and written language. Reading Re-

search Quarterly, 33(1), 96-116. doi:10.1598/RRQ.33.1.5
Simmons, F., & Singleton, C. (2008). Do weak phonological representations impact on arith-

metic development? A review of research into arithmetic and dyslexia. Dyslexia, 

14(2), 77-94. doi:10.1002/dys.341



148

Chapter 8

Simmons, F., Singleton, C., & Horne, J. K. (2008). Phonological awareness and visual-spa-
tial sketchpad functioning predict early arithmetic attainment: Evidence from a 
longitudinal study. European Journal of Cognitive Psychology, 20(4), 711-722. doi: 
10.1080/09541440701614922

Skibbe, L. E., Justice, L. M., Zucker, T. A., & McGinty, A. S. (2008). Relations among maternal 
literacy beliefs, home literacy practices, and the early literacy skills of preschool-
ers with specific language impairment. Early Education and Development, 19, 68-88. 
doi:10.1080/10409280701839015

Starkey, P., Klein, A., & Wakeley, A. (2004). Enhancing young children’s mathematical knowl-
edge through a pre-kindergarten mathematics intervention. Early Childhood Research 

Quarterly, 19, 99-120. doi:10.1016/j.ecresq.2004.01.002
Stock, P., Desoete, A., & Roeyers, H. (2009). Predicting arithmetic abilities: The role of prepa-

ratory arithmetic markers and intelligence. Journal of Psychoeducational Assessment, 

27(3), 237-251. doi:10.1177/0734282908330587
Van Bon, W. H. J. (1986). Raven’s Coloured Progressive Matrices. Nederlandse normen en enige 

andere uitkomsten van onderzoek [Raven’s Coloured Progressive Matrices. Manual 
of Dutch Norms and some other research results]. Lisse, the Netherlands: Swets & 
Zeitlinger. 

Van der Stap, M. (2009). Van kerndoel tot leerlijn. Concretisering van de kerndoelen voor het 

speciaal onderwijs [Elaboration of the primary objectives in special education]. Am-
sterdam, the Netherlands: Uitgeverij SWP.

Van der Schuit, M., Peeters, M., Segers, E., Van Balkom, H., & Verhoeven, L. (2009). Home 
literacy environment of pre-school children with intellectual disabilities. Jour-

nal of Intellectual Disability Research, 53(12), 1024–1037. doi: 10.1111/j.1365-
2788.2009.01222.x

Verhoeven, L. (2005). ESM-Toets [Test for Children with Specific Language Impairment]. Arn-
hem, the Netherlands: Cito.

Verhoeven, L., & Vermeer, A. (1993). Taaltoets Alle Kinderen. Handleiding [Language Test for 
All Children. Manual]. Arnhem, the Netherlands: Cito.

Verhoeven, L., & Vermeer, A. (2006). Taaltoets Alle Kinderen. Verantwoording [Language Test 
for All Children. Psychometric features]. Arnhem, the Netherlands: Cito.

Vloedgraven, J., Keuning, J., & Verhoeven, L. (2009). Screeningsinstrument Beginnende Gelet-

terdheid [Diagnostic instrument for Emergent Literacy]. Arnhem, the Netherlands: 
Cito.

Voeten, M. J. M., & Van den Bercken, J. H. L. (2003). Lineaire regressieanalyse [Linear regres-
sion analysis]. Groningen, the Netherlands: Stenfert-Kroese. 



149

8

Relations between home numeracy experiences and basic calculation skills of children with and without SLI

Appendix

Parent-child numeracy activities

 Question. How often did you and your child engage in the following activities? Circle 
1 if the activity did not occur, circle 2 if it occurred on a monthly base, circle 3 if it occurred 
on a weekly base, circle 4 if it occurred on a daily base, and circle 5 if it occurred a few times 
a day.

1 Making arithmetic puzzles (e.g., connect-the-dot activities)
2 Doing counting activities (e.g., playing with child cash register; playing with number 

wall; playing with die) 
3 Talking about money when shopping 
4 Playing counting games, using child computer or arithmetic software (e.g., playing 

with ‘My first computer’ (to practice arithmetic and counting skills), playing Disney 
preschool)

5 Practicing numerical conceptual knowledge (e.g., ordering objects by size, shape, 
colour; arranging objects by size, height; mass, number; what is more/less)

6 Rehearsing counting rhymes 

Note. A scale ranging from 1 to 5 was included for each item.

Parents’ numeracy expectations

 Question. To what extent do you expect your child to master the following numeracy 
skills at the end of kindergarten? Circle 1 if you expect your child not to master a particular 
skill at all, circle 2 when you expect your child to master the particular skill a little, circle 3 if 
you expect your child to sufficiently master the particular skill, and circle 4 when you expect 
your child to completely master the particular skill.

1 Expectation of child’s ability to count till 20 (forward and backward)
2 Expectation of child’s ability to count without hands 
3 Expectations of child’s ability to count in groups of 2, 5 or 10
4 Expectation of child’s ability on addition till 10
5 Expectation of child’s ability on addition till 20
6 Expectation of child’s ability on subtraction till 10
7 Expectation of child’s ability on subtraction till 20

Note. A scale ranging from 1 to 4 was included for each item.
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Chapter 9

 The aim of the present dissertation was to investigate the impact of linguistic diver-
sity and home environment on early numerical development. There were two central re-
search questions. The first question was on how linguistic skills influence the numerical 
abilities (i.e., early numeracy skills and basic arithmetic skills) of second language learners 
and children with Specific Language Impairment at kindergarten, when cognitive factors are 
being controlled for. The second question was on the extent home numeracy experiences 
facilitate the development of numerical abilities of young kindergarten children, when their 
cognitive and linguistic abilities are taken into account. In this final chapter, the results of the 
studies in this dissertation will be reviewed and discussed in perspective of current theories 
explaining the individual variation in early numerical development. Moreover, limitations on 
the present research and suggestions for future directions along with practical implications 
will be provided.

Linguistic Diversity and Early Numerical Development

 The impact of linguistic diversity on early numerical development was explored by 
comparing the numerical development of NLA children with those with language difficulties. 
In Chapter 2 and Chapter 3, the role of language in numerical abilities (i.e., early numeracy 
skills and basic arithmetic skills) in first and second language learners at kindergarten level 
was described. The results showed that second language learners score below first language 
learners in both early numeracy skills (i.e., logical operations and numeral representations) 
and basic arithmetic skills, which is consistent with previous research (cf. Mullis, Martin, 
Gonzalez, & Chrostowski, 2004). New, however, was the finding that phonological awareness 
and grammatical ability related to the early numeracy skills (Chapter 2) and basic arithmetic 
skills (Chapter 3) in both groups, highlighting the important role of linguistic skills in the 
attainment of numerical abilities in first and second language learners.
 A longitudinal perspective on the role of linguistic skills in the development of 
numerical abilities was provided in Chapter 4, 5, and 6 by studying kindergartners with SLI 
and their NLA peers. In Chapter 4, we found in line with previous research, that children 
with SLI score below their NLA peers on logical operations and numeral representations, but 
score at age-appropriate levels on numeral estimations (cf. Arvedson, 2002; Donlan, Bishop, 
& Hitch, 1998; Fazio, 1994, 1996). Furthermore, children with SLI also scored below their 
NLA peers on arithmetic with canonical problems in grade one (Chapter 5) and arithmetic 
with advanced problems in grade two (Chapter 6) (cf. Cowan, Donlan, Newton, & Lloyd, 2005; 
Donlan, Cowan, Newton, & Lloyd, 2007). However, as an extension of previous research, we 
found larger group differences in arithmetic skills to be related to advanced problems, which 
can be explained from the fact that these problem types also require phonological working 
memory (cf. De Smedt et al., 2009). This finding makes it clear that children with SLI are 
at risk for developing even more severe delays in acquiring basic arithmetic skills when it 
comes to advanced problems. 
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 In addition to previous research on the numerical abilities of children with SLI, 
the present thesis also explored the impact of linguistic skills on numerical abilities of 
both SLI and NLA children, when controlling for their cognitive capacities. In Chapter 4, 
phonological awareness and grammatical ability predicted the scores in logical operations 
and numeral representations, whereas no additional effect of language was found in 
predicting numeral estimations. Phonological awareness and grammatical ability, as 
measured in kindergarten, also predicted the performance of SLI and NLA children in 
arithmetic with canonical problems in grade one (Chapter 5) and arithmetic with advanced 
problems in grade two (Chapter 6). Thus, the differences in numerical abilities between 
children with SLI and their peers with NLA could be understood in terms of the dependency 
of these tasks on the linguistic abilities on the part of the child: Children with SLI perform 
worse on early numeracy skills (i.e., logical operations and numeral representations) and 
basic arithmetic skills (i.e., canonical problems and advanced problems), because these 
tasks are highly dependent on linguistic input, especially when contrasted to numeral 
estimations, in which we only found significant effects of general intelligence and visual-
spatial sketchpad abilities.
 Furthermore, it was found that naming speed as a linguistic factor differentially 
predicted the numerical abilities of children with SLI as well. An explanation for this finding 
is that both naming speed and numerical abilities rely on fast and efficient retrieval of the 
correct answer from long-term memory (Koponen, Mononen, Räsänen, & Ahonen, 2006). 
Therefore, problems in retrieval of these linguistically stored representations may result 
in lower numerical abilities. As can be seen from the results in Chapter 4, 5, and 6, the 
difference in naming speed between the group of children with SLI and their peers with NLA 
only reflected a moderate effect size. Given that much variability exists in the level in which 
naming speed is impaired in children with SLI (Miller, Kail, Leonoard, & Tomblin, 2001), 
a better naming speed may therefore compensate for the problems in numerical abilities. 
Follow-up analyses (see Chapter 5 and Chapter 6) showed children with SLI and lower 
naming speed (< -1 SD below the mean score of the NLA group) to score below children with 
SLI and higher naming speed (> -1 SD below the mean score of the NLA group) in numerical 
abilities. Therefore, the results of the present thesis suggest that naming speed might act as a 
clinical marker in identifying those children with SLI at risk for developing even more severe 
problems in numerical abilities. 
 With respect to cognitive control measures, we found both general intelligence and 
working memory to be related to numerical abilities in young children as well. Although 
these results are consistent with previous research (cf. De Smedt et al., 2009), it is important 
to mention that, even when controlled for these cognitive covariates, the results of the 
present thesis still showed significant effects of language on numerical abilities.
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Home Environment and Early Numerical Development

 Next to the impact of linguistic diversity on early numerical development, the 
present dissertation also explored the impact of the home environment (i.e., home 
numeracy experiences; LeFevre et al., 2009) on numerical abilities. In Chapter 7, a cross-
sectional study conducted at kindergarten addressed the extent in which home numeracy 
experiences uniquely contribute to early numeracy skills, when cognitive and linguistic 
child factors are being controlled for. The questionnaire on home numeracy experiences 
covered two factors. One factor assessed parent-child numeracy activities, and the other 
factor assessed parents’ numeracy expectations. The results of the hierarchical regression 
analysis in Chapter 7 indicated that, next to phonological awareness and grammatical ability, 
parent-child numeracy activities and parents’ numeracy expectations were uniquely related 
to early numeracy skills, suggesting that both cognitive and linguistic child factors and home 
numeracy experiences can be seen as important prerequisites in the development of early 
numeracy skills. This study stresses the importance of including the home environment in 
the existing framework on early numeracy skills.
 The longitudinal contribution of home numeracy experiences on basic calculation 
skills was studied in Chapter 8, with special attention being given to the home numeracy 
environments of children with SLI. The results of the present dissertation were the first to show 
that parents of children with SLI report engaging in less numeracy-related activities, and have 
lower numeracy expectations, when compared to parents of children with NLA. Furthermore, in 
predicting the basic calculation skills of children with SLI, a unique longitudinal contribution of 
both parent-child numeracy activities and parents’ numeracy expectations to basic calculation 
skills (i.e., addition and subtraction) was found, after controlling for important cognitive 
(i.e., general intelligence, working memory) and linguistic (i.e., phonological awareness, 
grammatical ability, naming speed) child factors that emerge from previous research (cf. 
Koponen et al., 2006; LeFevre et al., 2010). These results highlight the unique role of the home 
numeracy environment in the development of basic calculations skills in children with SLI 
and their peers with NLA. In addition, parent-child numeracy activities were even stronger 
associated with the numerical abilities of children with SLI. A possible explanation for this 
effect might be that parents of SLI children, being aware of their child’s academic difficulties, 
engage more actively in numeracy-related activities with their child, which may in turn reduce 
the delays in arithmetic with canonical problems. 

Individual Variation in Early Numerical Development Revisited

 The present dissertation sheds new light on the role of linguistic precursors in 
numerical abilities. To begin with, phonological awareness appears to be one of the core 
linguistic processes in the acquisition of numerical abilities in young children. Previous 
research already identified the role of phonological awareness in both early numeracy 
(cf. Krajewski & Schneider, 2009) and basic arithmetic skills (De Smedt & Boets, 2010) 
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in children with NLA. However, as can be seen from the results in the present thesis, 
phonological awareness also predicted the numerical abilities of second language learners 
and children with SLI, highlighting the robustness of phonological awareness as a predictor 
of numerical abilities in kindergartners with and without language difficulties. 
 Second, in predicting the numerical abilities of young children, previous research did 
not include grammatical ability as a possible precursor measure. In the present dissertation, 
grammatical ability turned out to predict both early numeracy skills and basic arithmetic 
skills in young children. An explanation for this general finding is that both grammatical 
ability and numerical abilities develop by recursion and involve sequential constructions, 
based on abstract hierarchical representations. Thus, grammatical ability and numerical 
abilities are assumed to be essentially based on the same procedural and syntactical rules 
(Hauser, Chomsky, & Fitch, 2002). As a theoretical implication, the results of the present 
thesis seem to indicate that the growth patterns in grammatical ability and numerical 
abilities share similar origins in relatively simple processes (cf. Johnson, 2003). 
 With this in mind, the results of the present thesis may provide a new, more elaborated 
model on the role of language in numerical abilities. So far, convergent evidence from 
neuroimaging studies in adults suggest that most of the numerical abilities are recruited 
from language-related networks (Dehaene, Molko, Cohen, & Wilson, 2004; Dehaene, Piazza, 
Pinel, & Cohen, 2003; Dehaene, Spelke, Pinel, Stanescu, & Tsivkin, 1999), whereas the 
estimation and approximation of numbers appears to operate independently of language 
representations (Gordon, 2004; Pica, Lemer, Izard, & Dehaene, 2004). However, these 
studies do not make clear which linguistic factors account for these results, and how such 
processes develop during acquisition in childhood (Kaufmann, 2008). The present thesis, 
however, examined the role of language in the development of numerical abilities of young 
children with cognitive factors being controlled for. 
 In line with the model of Dehaene and colleagues (2003), the results of the present 
dissertation indeed showed linguistic skills (i.e., phonological awareness and grammatical 
ability) to predict logical operations and numeral representations, on the one hand, and 
basic arithmetic skills (i.e., canonical problems and advanced problems), on the other hand, 
whereas numeral estimations were found to operate independently of language. However, it 
is important to note that Dehaene and colleagues (2003) also claimed the role of language in 
numerical abilities to be operation-specific. They found the addition of numbers to rely on 
a language-dependent code, whereas the subtraction of number was unrelated to linguistic 
skills. In the present study though, phonological awareness and grammatical ability 
predicted both addition and subtraction in first grade, indicating that the role of language 
in arithmetical representations of young children differs as compared to adults. Possibly, 
as suggested by De Smedt, Taylor, Archibald, and Ansari (2010), arithmetic performance of 
young children in relation to their linguistic skills may be better described as a function of 
their use of retrieval strategies than as a function of arithmetical operations. Indeed, previous 
research indicated that retrieval strategies, which are found to rely on linguistic skills, may 
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occur not only in addition, but also in subtraction problems, in particular on canonical and 
advanced problems (Barrouillet, Mignon, & Thevenot, 2008; Campbell & Xue, 2001). Thus, 
from a developmental perspective, the role of language in numerical abilities, as presented 
in the model of Dehaene and colleagues (2003), needs to be further elaborated.
 Recent models of language processing may provide such an elaboration on the 
specific role of language in numerical abilities. Hagoort (2005) proposed a model of language 
processing in which three functional components are distinguished: representation, 
unification and control. The representation component comprises a specification of the 
different types of language information stored in long-term memory, as well as retrieval 
operations (e.g., phonological and lexical representations). The unification component 
refers to the integration of lexically retrieved information into a representation of multi-
word utterances (e.g., grammatical ability). And the control component relates language to 
action (e.g., cognitive control like phonological working memory). When relating language 
to numerical abilities, this model could explain why children with SLI run a risk for 
developing even more severe delays in arithmetic with advanced problems. As known from 
previous research, children with SLI not only have representation and unification problems 
(cf. Bishop & Snowling, 2004), but also have cognitive control (i.e., phonological working 
memory) problems (Alloway & Archibald, 2008). The results of the present dissertation 
suggest that both early numeracy skills and arithmetic with canonical problems rely on both 
representation and unification components of the linguistic system (Chapter 4, Chapter 5). 
Because the solution process of arithmetic with advanced problems additionally requires 
phonological working memory capacity, children with SLI may have extra difficulties in 
terms of cognitive control to perform such tasks, which has indeed been found to be the case 
(see Chapter 6). 
 With regard to the model of Hagoort (2005), it is the control component that for 
a large part can be supported by the child’s environment, especially as working memory 
functions in young kindergartners are still not fully developed (Gathercole, Pickering, 
Ambridge, & Wearing, 2004). At this age level, it has been found that the home environment 
plays an important role in facilitating school-related abilities (LeFevre et al., 2009). The 
developmental framework on the acquisition of numerical abilities presented in this 
dissertation, should therefore include the relevance of home numeracy experiences (i.e., 
parent-child numeracy activities and parents’ numeracy expectations) as well. The results 
of the present dissertation namely suggest that stimulating within the child’s zone of 
proximal development may have a positive effect on the development of numeracy skills. 
As a theoretical implication, parents should provide children with numeracy activities just 
above their current competence level in order to provide them with challenging learning 
opportunities, which may stimulate further numeracy development. 
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Limitations and Directions for Future Research

 Of course, some limitations apply to the present dissertation. First, the results of 
the present study indicated that the acquisition of numerical abilities in young children is 
highly dependent on linguistic skills. However, it is still not known how the interrelatedness 
between cognitive, linguistic, and numerical abilities develops as children move through 
the educational curriculum. As suggested by De Smedt and colleagues (2010), phonological 
awareness remains to be an important factor in predicting the basic arithmetic skills 
of children in fourth and fifth grade, but it is still unknown whether grammatical ability 
will continue to be of influence in predicting the more difficult arithmetical problems (i.e., 
arithmetical problems with sums and minuends above 20). Given that such problems also 
need procedural rules in order to be solved, it can be expected that grammatical ability will 
continue to be of influence in higher grades. This could be addressed in future research.
 Furthermore, naming speed turned out to differentially predict the numerical abilities 
of SLI children. Previous research indicated that the strategy use of NLA children shifts in the 
early grades of primary education from a finger counting strategy to a more verbal strategy 
that relies on arithmetic fact retrieval (De Smedt et al., 2010). So possibly on a deeper level, 
the differential effect of naming speed on numerical abilities for children with SLI, might 
reflect a difference in strategy use. To be more specific, those with SLI and lower naming 
speed, have difficulties in storing and retrieving the correct answer from long-term memory, 
and therefore still use a finger counting strategy, whereas those with SLI and higher naming 
speed are able to increasingly rely on retrieval strategies. Analogous to reading, arithmetic 
skills throughout the grades in primary education are ordered in a hierarchical way (e.g., the 
ability to successfully solve advanced problem types is preceded by having mastered canonical 
problem types). When arithmetic problems will become more complicated, children need to 
increasingly rely on instant retrieval of the correct answer from long-term memory, which 
has indeed been found to be the case for NLA children (Koponen, Aunola, Ahonen, & Nurmi, 
2007). This implicates that those children with SLI and lower naming speed may not be able to 
progress through the arithmetic curriculum, as they still use finger counting strategies to solve 
arithmetic problems, and remediation of naming speed skills is hard to realize as it requires a 
speed up of the retrieval process itself (De Jong & Oude Vrielink, 2004). Thus, at some time, the 
role of naming speed as a clinical marker in predicting the arithmetical skills of children with 
SLI may disappear, because only a limited group of children with SLI (i.e., those with better 
naming speed) are able to participate in the arithmetical curriculum of higher grades. This 
could be considered a starting point for future research.
 Another limitation is the possible heterogeneity of the SLI group. Although children 
with Autism Spectrum Disorders (ASD) and children with hearing impairments (> 30 dB) 
were excluded from the present research, it is still difficult to study a homogenous group of 
children with SLI (cf. Bishop, 1997). It should be noted, however, that all children with SLI 
attended special education schools. To attend such a school, the child should have severe 
problems in receptive or productive language domains (> 1.5 SD on a minimum of two 
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subtests out of a standardized series of tests) which are not the direct result of hearing loss, 
intellectual or physical disabilities, or environmental influences. Thus, it can be said that the 
children of the present dissertation are at least among the most severe cases of SLI. 
 Finally, the results indicated that aspects of home numeracy experiences predict 
the acquisition of numerical abilities, when controlled for cognitive and linguistic child 
precursors. However, these data are still inherently correlational. Without a comparable 
measure of early literacy experiences, we cannot be sure whether this is a numeracy-specific 
finding or is related to (more generally) linguistically-oriented home practices, especially 
since both early numeracy skills (see Chapter 3) and arithmetic with canonical problems 
(see Chapter 6) are both related to linguistic skills. Therefore, in future studies a separate 
assessment of both home literacy activities and home numeracy activities is warranted. 

Conclusions and Practical Implications of the Present Thesis

 To conclude, the present thesis shows the acquisition of numerical abilities in young 
children to be highly dependent on linguistic skills (i.e., phonological awareness and gram-
matical ability). Furthermore, numeracy experiences in the home contribute uniquely to the 
numerical abilities of young children, when cognitive and linguistic child factors are taken into 
account. These findings have some clinical and educational implications for both the school 
(i.e., classroom teachers and educational psychologists) and home environment (i.e., parents). 
 For classroom teachers and educational psychologists, it is important to note that 
assessment of linguistic skills of first and second language learners should also include an 
assessment of numerical abilities. Furthermore, it is the reality of nowadays that primary 
education is faced with an increase of pupils within the classroom, and a reduction of 
effective time to help and instruct them. Therefore, intervention should include methods 
in which remediation of both linguistic skills and numerical abilities go hand in hand. It 
is recommended to start such an intervention as soon as possible, preferably before the 
start of formal arithmetic education (i.e., pre-teaching). When it comes to the assessment 
of linguistic and numerical abilities of children with SLI, it is highly recommendable to also 
include a measure of naming speed skills. Finally, given that arithmetic skills increasingly rely 
on phonological working memory, classroom teachers of children with SLI are encouraged 
to use direct instruction with attention being given to only one strategy at a time, combined 
with the visualization of the procedural steps necessary to solve the arithmetical problem 
(cf. Fazio, 1999).
 For parents, it is important to note that the expectations they have influence the 
numerical development of their child. Furthermore, parents should be made aware that they 
play an important role in stimulating the numerical abilities of their child in the early years of 
primary education. Finally, parents, especially those of children with SLI, are recommended 
to engage in numeracy activities within their child’s zone of proximal development to 
stimulate early numerical development in the most optimal way. 



159

9

General discussion

References

Alloway, T. P., & Archibald, L. M. (2008). Working memory and learning in children with 
developmental coordination disorder and specific language impairment. Journal of 

Learning Disabilities, 41, 251-262. doi:10.1177/0022219408315815
Arvedson, P. J. (2002). Young children with specific language impairment and their nu-

merical cognition. Journal of Speech, Language, and Hearing Research, 45, 970–982. 
doi:10.1044/1092-4388(2002/079)

Barrouillet, P., Mignon, M., & Thevenot, C. (2008). Strategies in subtraction problem solv-
ing in children. Journal of Experimental Child Psychology, 99, 233–251. doi:10.1016/j.
jecp.2007.12.001

Bishop, D. V. M. (1997). Uncommon understanding: Development and disorders of language 

comprehension in children. Cambridge, United Kingdom: Psychology Press.
Bishop, D. V. M., & Snowling, M. J. (2004). Developmental dyslexia and specific language impair-

ment: Same or different? Psychological Bulletin, 130, 6, 858-886. doi:10.1037/0033-
2909.130.6.858

Campbell, J. I. D., & Xue, Q. L. (2001). Cognitive arithmetic across cultures. Journal of Experi-

mental Psychology: General, 130, 299–315. doi:10.1037//0096-3445.130.2.299
Cowan, R., Donlan, C., Newton, E. J., & Lloyd, D. (2005). Number skills and knowledge in 

children with specific language impairment. Journal of Educational Psychology, 97, 
732-744. doi:10.1037/0022-0663.97.4.732

De Jong, P., & Oude Vrielink, L. (2004). Rapid automatic naming: Easy to measure, hard to 
improve. Annals of Dyslexia, 54(1), 65-88. doi:10.1007/s11881-004-0004-1

De Smedt, B., & Boets, B., (2010). Phonological processing and arithmetic fact retrieval: Evi-
dence from developmental dyslexia. Neuropsychologia, 48, 3973-3981. doi:10.1016/j.
neuropsychologia.2010.10.018

De Smedt, B., Janssen, R., Bouwens, K., Verschaffel, L., Boets, B., & Ghesquière, P. (2009). 
Working memory and individual differences in mathematics achievement: A longitu-
dinal study from first grade to second grade. Journal of Experimental Child Psychology, 

103, 186–201. doi: 10.1016/j.jecp.2009.01.004
De Smedt, B., Taylor, J., Archibald, L., & Ansari, D. (2010). How is phonological processing re-

lated to individual differences in children’s arithmetic skills? Developmental Science, 

13, 508-520. doi:10.1111/j.1467-7687.2009.00897.x
Dehaene, S., Molko, N., Cohen, L., & Wilson, A. J. (2004). Arithmetic and the brain. Current 

Opinion in Neurobiology, 14, 218-224. doi:10.1016/j.conb.2004.03.008
Dehaene, S., Piazza, M., Pinel, P., & Cohen, L. (2003). Three parietal circuits for number pro-

cessing. Cognitive Neuropsychology, 20, 487-506. doi: 10.1080/02643290244000239
Dehaene, S., Spelke, E., Pinel, P., Stanescu, R., & Tsivkin, S. (1999). Sources of mathemati-

cal thinking: Behavioural and brain-imaging evidence. Science, 284, 929-970. doi: 
10.1126/science.284.5416.970



160

Chapter 9

Donlan, C., Bishop, D. V. M., & Hitch, G. J. (1998). Magnitude comparisons by children 
with specific language impairments: Evidence of unimpaired symbolic process-
ing. International Journal of Language and Communication Disorders, 33, 149-160. 
doi:10.1080/136828298247866

Donlan, C., Cowan, R., Newton, E. J., & Lloyd, D. (2007). The role of language in mathematical 
development: Evidence from children with specific language impairment. Cognition, 
103, 23-33. doi:10.1016/j.cognition.2006.02.007

Fazio, B. B. (1994). Counting abilities of children with specific language impairment: A com-
parison of oral and gestural tasks. Journal of Speech, Language, and Hearing Research, 

37, 358–368.
Fazio, B. B. (1996). Mathematical abilities of children with specific language impairment: A 

2-year follow-up. Journal of Speech, Language, and Hearing Research, 39, 1–10.
Fazio, B. B. (1999). Arithmetic calculation, short-term memory, and language performance 

in children with specific language impairment: A 5-year follow-up. Journal of Speech, 

Language, and Hearing Research, 42, 420–421.
Gathercole, S. E., Pickering, S. J., Ambridge, B., & Wearing, H. (2004). The structure of work-

ing memory from 4 to 15 years of age. Developmental Psychology ,40(2), 177–190. 
doi:10.1037/0012-1649.40.2.177

Gordon, P. (2004). Numerical cognition without words: Evidence from Amazonia. Science, 

306, 496-499. doi:10.1126/science.1094492
Hagoort, P. (2005). On Broca, brain and binding: A new framework. Trends in Cognitive Sci-

ences, 9, 416-423. doi:10.1016/j.tics.2005.07.004
Hauser, M. D., Chomsky, N., & Fitch, W. T. (2002). The faculty of language: What is it, who has it, 

and how did it evolve? Science, 298, 1569-1579. doi: 10.1126/science.298.5598.1569
Kaufmann, L. (2008). Dyscalculia: neuroscience and education. Educational Research, 50(2), 

163-175. doi: 10.1080/00131880802082658
Krajewski, K., & Schneider, W. (2009). Exploring the impact of phonological awareness, 

visual-spatial working memory, and preschool quantity-number competencies on 
mathematics achievement in elementary school: Findings from a 3-year-longitudi-
nal study. Journal of Experimental Child Psychology, 103, 516-531. doi: 10.1016/j.
jecp.2009.03.009

Koponen, T., Aunola, K., Ahonen, T., & Nurmi, J. E. (2007). Cognitive predictors of single-digit 
and procedural calculation skills and their covariation with reading skill. Journal of 

Experimental Child Psychology, 97, 220-241. doi:10.1016/j.jecp.2007.03.001
Koponen, T., Mononen, R., Räsänen, P., & Ahonen, T. (2006). Basic numeracy in children 

with specific language impairment: Heterogeneity and connections to language. 
Journal of Speech, Language, and Hearing Research, 49, 58-73. doi:10.1044/1092-
4388(2006/005)



161

9

General discussion

LeFevre, J., Fast, L., Skwarchuk, S. L., Smith-Chant, B. L., Bisanz, J., Kamawar, D., & Penner-
Wilger, M. (2010). Pathways to mathematics: Longitudinal predictors of performance. 
Child Development, 81(6), 1753-1767. doi:10.1111/j.1467-8624.2010.01508.x

LeFevre, J. A., Skwarchuk, S., Smith-Chant, B. L., Fast, L., Kamawar, D., & Bisanz, J. (2009). 
Home numeracy experiences and children’s math performance in the early school 
years. Canadian Journal of Behavioural Science, 41, 55–66. doi:10.1037/a0014532

Miller, C. A., Kail, R., Leonard, L. B., & Tomblin, J. B. (2001). Speed of processing in children 
with specific language impairment. Journal of Speech, Language, and Hearing Re-

search, 44, 416-433. doi:10.1044/1092-4388(2001/034)
Mullis, I. V. S., Martin, M. O., Gonzalez, E. J., & Chrostowski, S. J. (2004). TIMSS 2003 interna-

tional mathematics report: Findings from IEA’s trends in international mathematics 

and science study at the fourth and eighth grades. Chestnut Hill, MA: Boston College.
Pica, P., Lemer, C., Izard, V., & Dehaene, S. (2004). Exact and approximate arithmetic in an am-

azonian indigene group. Science, 306(5695), 499–503. doi:10.1126/science.1102085



162



Summary



164

Chapter 1

 Becoming proficient in language and numeracy is one of the most important goals 
in primary education. During the past decades, it has become clear that preverbal infants 
have the ability to master numerical concepts independently of language. This has led some 
researchers to suggest that numerical development is independent of language development. 
There is no consensus about this hypothesis though. As a case in point, convergent evidence 
from neuroimaging studies suggest the recruitment of brain regions and structural networks 
during language and arithmetic to both rely on the same neurocognitive processes 
(Dehaene, Piazza, Pinel, & Cohen, 2003). However, most research in this area has been 
conducted with adult participants who have already acquired advanced linguistic and 
numerical abilities, and far less is known about the processes involved during acquisition in 
childhood (Kaufmann, 2008). To obtain further insight into the role of language in numerical 
development, it is important to study the development of numerical abilities in linguistically 
diverse populations. Furthermore, the role of the home environment also needs to be taken 
into account (Starkey, Klein, & Wakeley, 2004), but research on the role of home numeracy 
experiences in numerical abilities of young children is very limited. Therefore, the present 
dissertation aimed to answer two research questions. The first question was on how linguistic 
skills influence the numerical abilities (i.e., early numeracy skills and basic arithmetic skills) 
of second language learners and children with Specific Language Impairment at kindergarten, 
when cognitive factors are being controlled for. This question is answered in Chapter 2, 3, 4, 
5, and 6. The second question was on the extent home numeracy experiences facilitate the 
development of numerical abilities of young kindergarten children, when their cognitive and 
linguistic abilities are taken into account. This question is addressed in Chapter 7 en 8.

Linguistic Diversity and Early Numerical Development

 The concept of numerical abilities is reflected in the development of early numeracy 
skills in kindergarten and the acquisition of basic arithmetic skills in first and second grade. 
Early numeracy consists of a range of different skills, including logical operations, numeral 
representations, and numeral estimations (cf. Desoete & Grégoire, 2006; Passolunghi, 
Vercelloni, & Schadee, 2007) and can be seen as an important prerequisite for being 
successful in basic arithmetic skills. Basic arithmetic involves the addition and subtraction 
of numbers less than 10 (Cowan, Donlan, Newton, & Lloyd, 2005), and evidence from 
neurocognitive research suggests that a distinction can be made between canonical problem 
types (i.e., arithmetic problems with sums and minuends below ten), on the one hand, and 
advanced problems (i.e., arithmetic problems with sums and minuends above 10 and less 
than 20 that contain carry-over operations), on the other hand (cf. Stanescu-Cosson et al., 
2000). The ability to successfully solve advanced problem types in grade two is preceded by 
having mastered canonical problem types in grade one (Van der Stap, 2009).
 The impact of linguistic diversity on early numerical development was explored by 
comparing the numerical development of NLA children with those with language difficulties. 
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In Chapter 2 and Chapter 3, the role of language in numerical abilities (i.e., early numeracy 
skills and basic arithmetic skills) in first and second language learners at kindergarten level 
was described. The results showed that second language learners score below first language 
learners in both early numeracy skills (i.e., logical operations and numeral representations) 
and basic arithmetic skills, which is consistent with previous research (cf. Mullis, Martin, 
Gonzalez, & Chrostowski, 2004). New, however, was the finding that phonological awareness 
and grammatical ability related to the early numeracy skills (Chapter 2) and basic arithmetic 
skills (Chapter 3) in both groups, highlighting the important role of linguistic skills in the 
attainment of numerical abilities in first and second language learners.
 A longitudinal perspective on the role of linguistic skills in the development of 
numerical abilities was provided in Chapter 4, 5, and 6 by studying kindergartners with 
SLI and their NLA peers. In Chapter 4, we found in line with previous research, that children 
with SLI score below their NLA peers on logical operations and numeral representations, but 
score at age-appropriate levels on numeral estimations (cf. Arvedson, 2002; Donlan, Bishop, 
& Hitch, 1998; Fazio, 1994, 1996). Furthermore, children with SLI also scored below their 
NLA peers on arithmetic with canonical problems in grade one (Chapter 5) and arithmetic 
with advanced problems in grade two (Chapter 6) (cf. Cowan, Donlan, Newton, & Lloyd, 2005; 
Donlan, Cowan, Newton, & Lloyd, 2007). However, as an extension of previous research, we 
found larger group differences in arithmetic skills to be related to advanced problems, which 
can be explained from the fact that these problem types also require phonological working 
memory (cf. De Smedt et al., 2009). This finding makes it clear that children with SLI are 
at risk for developing even more severe delays in acquiring basic arithmetic skills when it 
comes to advanced problems. 
 In addition to previous research on the numerical abilities of children with SLI, the 
present thesis also explored the impact of linguistic skills on numerical abilities of both SLI 
and NLA children, when controlling for their cognitive capacities. In Chapter 4, phonological 
awareness and grammatical ability predicted the scores in logical operations and numeral 
representations, whereas no additional effect of language was found in predicting numeral 
estimations. Phonological awareness and grammatical ability, as measured in kindergarten, 
also predicted the performance of SLI and NLA children in arithmetic with canonical problems 
in grade one (Chapter 5) and arithmetic with advanced problems in grade two (Chapter 6). 
Thus, the differences in numerical abilities between children with SLI and their peers with 
NLA could be understood in terms of the dependency of these tasks on the linguistic abilities 
on the part of the child: Children with SLI perform worse on early numeracy skills (i.e., 
logical operations and numeral representations) and basic arithmetic skills (i.e., canonical 
problems and advanced problems), because these tasks are highly dependent on linguistic 
input, especially when contrasted to numeral estimations, in which we only found significant 
effects of general intelligence and visual-spatial sketchpad abilities.
 Furthermore, it was found that naming speed as a linguistic factor differentially 
predicted the numerical abilities of children with SLI as well. An explanation for this finding 
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is that both naming speed and numerical abilities rely on fast and efficient retrieval of the 
correct answer from long-term memory (Koponen, Mononen, Räsänen, & Ahonen, 2006). 
Therefore, problems in retrieval of these linguistically stored representations may result in 
lower numerical abilities. The results in Chapter 4, 5, and 6 showed that the difference in 
naming speed between the two groups only reflected a moderate effect size. Given that much 
variability exists in the level in which naming speed is impaired in children with SLI (Miller, 
Kail, Leonoard, & Tomblin, 2001), a better naming speed may therefore compensate for the 
problems in numerical abilities. Follow-up analyses showed children with SLI and lower 
naming speed (< -1 SD below the mean score of the NLA group) to score below children with 
SLI and higher naming speed (> -1 SD below the mean score of the NLA group) in numerical 
abilities. Therefore, the results of the present thesis suggest that naming speed might act as a 
clinical marker in identifying those children with SLI at risk for developing even more severe 
problems in numerical abilities. 

Home Environment and Early Numerical Development

 Next to the impact of linguistic diversity on early numerical development, the present 
dissertation also explored the impact of the home environment (i.e., home numeracy 
experiences; LeFevre et al., 2009) on numerical abilities. In Chapter 7, a cross-sectional 
study conducted at kindergarten addressed the extent in which home numeracy experiences 
uniquely contribute to early numeracy skills, when cognitive and linguistic child factors 
are being controlled for. The questionnaire on home numeracy experiences covered two 
factors. One factor assessed parent-child numeracy activities, and the other factor assessed 
parents’ numeracy expectations. The results of the hierarchical regression analysis in 
Chapter 7 indicated that, next to phonological awareness and grammatical ability, parent-
child numeracy activities and parents’ numeracy expectations were uniquely related to 
early numeracy skills, suggesting that both cognitive and linguistic child factors and home 
numeracy experiences can be seen as important prerequisites in the development of early 
numeracy skills. This study stresses the importance of including the home environment in 
the existing framework on early numeracy skills.
 The longitudinal contribution of home numeracy experiences on basic calculation skills 
was studied in Chapter 8, with special attention being given to the home numeracy environments 
of children with SLI. The results of the present dissertation were the first to show that parents 
of children with SLI report engaging in less numeracy-related activities, and have lower 
numeracy expectations, when compared to parents of children with NLA. Furthermore, in 
predicting the basic calculation skills of children with SLI, a unique longitudinal contribution 
of both parent-child numeracy activities and parents’ numeracy expectations to basic 
calculation skills (i.e., addition and subtraction) was found, after controlling for important 
cognitive (i.e., general intelligence, working memory) and linguistic (i.e., phonological 
awareness, grammatical ability, naming speed) child factors that emerge from previous 
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research (cf. Koponen et al., 2006; LeFevre et al., 2010). These results highlight the unique 
role of the home numeracy environment in the development of basic calculations skills in 
children with SLI and their peers with NLA. In addition, parent-child numeracy activities 
were even stronger associated with the numerical abilities of children with SLI. A possible 
explanation for this effect might be that parents of SLI children, being aware of their child’s 
academic difficulties, engage more actively in numeracy-related activities with their child, 
which may in turn reduce the delays in arithmetic with canonical problems. 

Conclusions and Practical Implications

 In the final chapter of this dissertation, Chapter 9, the results of the studies in this 
dissertation were reviewed along with practical implications of the conducted research. To 
conclude, the present thesis shows the acquisition of numerical abilities in young children 
to be highly dependent on linguistic skills (i.e., phonological awareness and grammatical 
ability). Furthermore, numeracy experiences in the home contribute uniquely to the 
numerical abilities of young children, when cognitive and linguistic child factors are taken 
into account. These findings have some clinical and educational implications for both the 
school (i.e., classroom teachers and educational psychologists) and home environment (i.e., 
parents). 
 For classroom teachers and educational psychologists, it is important to note that 
assessment of linguistic skills of first and second language learners should also include an 
assessment of numerical abilities. Furthermore, it is the reality of nowadays that primary 
education is faced with an increase of pupils within the classroom, and a reduction of 
effective time to help and instruct them. Therefore, intervention should include methods 
in which remediation of both linguistic skills and numerical abilities go hand in hand. It 
is recommended to start such an intervention as soon as possible, preferably before the 
start of formal arithmetic education (i.e., pre-teaching). When it comes to the assessment 
of linguistic and numerical abilities of children with SLI, it is highly recommendable to also 
include a measure of naming speed skills. Finally, given that arithmetic skills increasingly rely 
on phonological working memory, classroom teachers of children with SLI are encouraged 
to use direct instruction with attention being given to only one strategy at a time, combined 
with the visualization of the procedural steps necessary to solve the arithmetical problem 
(cf. Fazio, 1999).
 For parents, it is important to note that the expectations they have influence the 
numerical development of their child. Furthermore, parents should be made aware that they 
play an important role in stimulating the numerical abilities of their child in the early years of 
primary education. Finally, parents, especially those of children with SLI, are recommended 
to engage in numeracy activities within their child’s zone of proximal development to 
stimulate early numerical development in the most optimal way. 
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 Taal en rekenen zijn belangrijke kernvakken binnen het primair onderwijs. 
Bewijsvoering voor een relatie tussen taal en rekenen komt van neuropsychologische studies 
bij volwassen proefpersonen. Het verwerken van zowel taal- als rekentaken stamt namelijk 
af uit dezelfde gebieden in het brein (Dehaene, Piazza, Pinel, & Cohen, 2003). Onduidelijk 
is echter hoe taal de rekenvaardigheid van jonge kinderen beïnvloedt, terwijl zicht op de 
onderliggende kindfactoren van belang is om achterstanden in deze twee kernvakken zo 
vroeg mogelijk te signaleren en te voorkomen (Kaufmann, 2008). Bovendien zijn individuele 
verschillen in taal en rekenen niet alleen afhankelijk van factoren in het kind zelf, maar 
speelt in de vroege ontwikkeling ook de thuisomgeving een belangrijke rol (Starkey, Klein, & 
Wakeley, 2004). Onderzoek naar de rol van de thuisomgeving op de numerieke ontwikkeling 
van jonge kinderen is echter beperkt en het is hierbij tevens onduidelijk of de thuisomgeving 
een unieke bijdrage levert aan de vroege numerieke ontwikkeling of dat deze invloed 
verdwijnt, wanneer gecontroleerd wordt voor de capaciteiten van het kind. Twee hoofdvragen 
stonden daarom in dit proefschrift centraal. De eerste vraag betrof de invloed van taal op de 
numerieke ontwikkeling bij drie groepen kinderen: eerste taalleerders, tweede taalleerders 
met een taalachterstand in de tweede taal en kinderen met een taalstoornis (ernstige spraak- 
en/of taalmoeilijkheden; ESM). Deze eerste vraag is behandeld in hoofdstuk 2 tot en met 6. 
De tweede vraag betrof de rol van de thuisomgeving op de numerieke ontwikkeling en komt 
aan de orde in hoofdstuk 7 en 8.

Talige Diversiteit en Vroege Numerieke Ontwikkeling

 De numerieke ontwikkeling van jonge kinderen kenmerkt zich in grote lijnen door de 
verwerving van getalbegrip in groep 1 en 2 (ook wel voorbereidend rekenen genoemd) en 
de ontwikkeling van het aanvankelijk rekenen in groep 3 en 4 (Ruijssenaars, Van Luit, & Van 
Lieshout, 2004). Getalbegrip kan worden gezien als één van de belangrijkste voorspellers van 
het aanvankelijk rekenen in groep 3 en groep 4 en bestaat uit verschillende factoren (Desoete 
& Grégoire, 2006; Passolunghi, Vercelloni, & Schadee, 2007). Onder de eerste factor vallen de 
klassieke Piagetiaanse voorwaarden, ook wel logische operaties genoemd. Voorbeelden van 
logische operaties zijn seriëren (bijvoorbeeld: “Waar staan de appels van klein naar groot?”) 
en vergelijken (bijvoorbeeld: “Welk huis is het hoogst?”). Onder de tweede factor vallen 
de numerieke representaties. Voorbeelden hiervan zijn het opzeggen van de getallenrij 
(bijvoorbeeld: ‘Tel tot twintig.’) en het tellen van hoeveelheden (bijvoorbeeld: ‘Hoeveel 
blokjes liggen er hier op de tafel?’). Onder de laatste factor vallen de numerieke schattingen. 
Hierbij wordt van het kind gevraagd om de positie van een cijfer op een getallenlijn aan 
te kunnen wijzen (bijvoorbeeld: “Waar op deze getallenlijn zou je het getal 19 zetten?”). 
Het aanvankelijk rekenen wordt gekenmerkt door twee ontwikkelingsprocessen: het 
optellen en aftrekken onder de 10 en het optellen en aftrekken tot 20 met tientalpassering 
(Stanescu-Cosson et al., 2000). Het vlot en geautomatiseerd optellen tot 20 is een belangrijke 
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voorwaarde om sommen met een groter bereik (bijvoorbeeld tot 100) succesvol op te 
kunnen lossen (Van der Stap, 2009). 
 In hoofdstuk 2 en hoofdstuk 3 wordt verslag gedaan van twee cross-sectionele 
studies bij eerste en tweede taalleerders. Hoofdstuk 2 behandelt het getalbegrip in groep 2 
bij 75 eerste taalleerders en 55 tweede taalleerders. Hoofdstuk 3 gaat in op de aanvankelijke 
rekenvaardigheid van 69 eerste taalleerders en 60 tweede taalleerders uit groep 4. De 
resultaten in hoofdstuk 2 lieten zien dat de tweede taalleerders achterliepen op zowel 
de taalkundige (fonologisch bewustzijn, grammaticale vaardigheid) als rekenkundige 
(getalbegrip) taken in de tweede taal. Op de cognitieve taken (intelligentie, werkgeheugen) 
echter, behaalde de groep tweede taalleerders gemiddelde scores en verschilden zij niet van 
de eerste taalleerders. Bij het voorspellen van de scores op getalbegrip, werden voor beide 
groepen dezelfde resultaten gevonden: hoe beter het taalkundig vermogen, des te hoger 
het getalbegrip. Dit was ook het geval na controleren voor de cognitieve vermogens van de 
kinderen. Vergelijkbare resultaten werden gevonden in hoofdstuk 3. Tweede taalleerders 
behaalden lagere scores op zowel de taalkundige als rekenkundige taken. Na controleren 
voor de cognitieve vermogens van de kinderen, bleek dat een betere score op de taalkundige 
taken, tot hogere scores leidde op zowel het optellen als aftrekken. De belangrijkste 
conclusie van deze twee studies is dan ook dat het taalkundig systeem van jonge kinderen 
in hoge mate gerelateerd is aan de ontwikkeling van zowel het getalbegrip in groep 2 als het 
aanvankelijk rekenen in groep 4.
 Naast deze twee cross-sectionele studies, wordt in dit proefschrift ook een 
longitudinale studie gerapporteerd. In deze longitudinale studie zijn 111 kinderen met 
een normale taalontwikkeling en 62 kinderen met ESM gedurende drie jaar in hun taal- en 
rekenontwikkeling gevolgd. De resultaten hiervan zijn terug te vinden in hoofdstuk 4, 5 en 6. 
In hoofdstuk 4 werd gevonden dat kinderen met ESM in groep 2 een achterstand hebben op 
getalbegrip ten opzichte van hun leeftijdsgenootjes met een normale taalontwikkeling. Deze 
achterstand is zichtbaar op zowel de logische operaties als de numerieke representaties. 
De twee onderzoeksgroepen verschilden echter niet in hun schatvaardigheid. In groep 
3, één jaar later, behaalden kinderen met ESM ook lagere scores op sommen zonder 
tientalpassering (zie hoofdstuk 5). In groep 4, nog een jaar later, was er eveneens sprake 
van een achterstand op dit type sommen. Deze resultaten zijn daarmee in overeenstemming 
met voorgaand onderzoek naar de rekenprestaties van kinderen met ESM (Arvedson, 2002; 
Cowan, Donlan, Newton, & Lloyd, 2005; Donlan, Cowan, Newton, & Lloyd, 2007; Fazio, 
1994, 1996). Als uitbreiding hierop, werden in de huidige longitudinale studie grotere 
groepsverschillen gevonden op de sommen met tientalpassering. Het oplossingsproces van 
dit type som doet namelijk een beroep op het talig werkgeheugen (De Smedt et al., 2009). 
Omdat kinderen met ESM doorgaans een beperkt ontwikkeld talig werkgeheugen hebben, 
vormt het oplossen van sommen met tientalpassering dus mogelijk een extra belemmering 
voor hen (zie hoofdstuk 6). 
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 In de huidige longitudinale studie is tevens onderzocht welke taalkundige 
mechanismen aan deze groepsverschillen ten grondslag lagen. In hoofdstuk 4 is te zien 
dat de scores op logische operaties en numerieke representaties verklaard worden door 
fonologisch bewustzijn en grammaticale vaardigheid: hoe beter het talig vermogen, des te 
hoger de score op logische operaties en numerieke representaties. Fonologisch bewustzijn 
en grammaticale vaardigheid bleken eveneens de resultaten op het rekenen zonder 
tientalpassering in groep 3 en het rekenen met en zonder tientalpassering in groep 4 te 
voorspellen. Kinderen met ESM hebben dus doorgaans lagere rekenscores omdat deze taken 
in grote mate afhankelijk zijn van hun taalniveau. Dit verklaart ook waarom kinderen met 
ESM geen moeite hebben met schatten. Uit de analyses bleek namelijk dat taalvaardigheid 
hierbij geen rol speelt. 
 Naast fonologisch bewustzijn en grammaticale vaardigheid, lijkt ook benoemsnelheid 
een belangrijke rol te spelen bij het voorspellen van de numerieke vaardigheden van kinderen 
met ESM. Het snel en efficiënt kunnen ophalen van talige informatie uit het lange termijn 
geheugen is namelijk een belangrijke voorwaarde om rekenopgaven succesvol op te kunnen 
lossen (Koponen, Mononen, Räsänen, & Ahonen, 2006). In het huidige onderzoek werd 
slechts een klein verschil in benoemsnelheid gevonden tussen de twee groepen kinderen: 
niet alle kinderen met ESM hadden een zwakke benoemsnelheid. Verdere analyses lieten 
zien dat kinderen met ESM en een betere benoemsnelheid ( >-1 SD onder de gemiddelde 
score van de normaalgroep) hun achterstand op zowel getalbegrip als aanvankelijk rekenen 
kunnen compenseren: deze groep presteerde namelijk beter op de numerieke taken dan 
kinderen met ESM en een lagere benoemsnelheid. Benoemsnelheid is dus mogelijk een 
klinische indicator (‘clinical marker’), specifiek bedoeld voor kinderen met ESM, om de mate 
van achterstand in rekenvaardigheid vast te stellen (zie hoofdstuk 6).

Thuisomgeving en Vroege Numerieke Ontwikkeling

 Uit voorgaande studies is duidelijk geworden dat het taalkundig systeem een 
belangrijke rol speelt bij de ontwikkeling van numerieke vaardigheden. Recent onderzoek 
schrijft echter individuele verschillen in numerieke vaardigheden ook voor een belangrijk 
deel toe aan verschillen in de thuisomgeving (Melhuish et al., 2008). De gecijferde 
thuisomgeving kan worden omschreven als een combinatie van verschillende activiteiten 
in de thuisomgeving, met als doel de numerieke ontwikkeling van kinderen te stimuleren 
(LeFevre et al., 2009). Ouders spelen dus een belangrijke rol bij de ontwikkeling van de 
numerieke vaardigheden van hun kind. 
 In hoofdstuk 7 wordt verslag gedaan van een cross-sectionele studie naar de rol 
van de gecijferde thuisomgeving op de vroege numerieke ontwikkeling. Dit effect werd 
onderzocht nadat was gecontroleerd voor de cognitieve en taalkundige vaardigheden van 
het kind zelf. De ouders van 89 kleuters uit groep 2 vulden vragenlijsten in en stuurden 
deze vervolgens terug naar de Radboud Universiteit. Hierna werden de kinderen getest 



175

Samenvatting

op cognitieve (intelligentie, werkgeheugen), taalkundige (fonologisch bewustzijn, 
grammaticale vaardigheid) en rekenkundige (getalbegrip) taken. Uit de vragenlijst kwamen 
twee verschillende factoren naar voren: ouder-kind activiteiten en ouderverwachtingen. De 
resultaten lieten zien dat na controleren voor de cognitieve en taalkundige vaardigheden 
van het kind, de gecijferde thuisomgeving (ouder-kind activiteiten en ouderverwachtingen) 
een unieke bijdrage leverde aan het voorspellen van de scores op getalbegrip. Deze 
vondst onderstreept het belang om in het theoretisch raamwerk over de ontwikkeling van 
numerieke vaardigheden, de gecijferde thuisomgeving op te nemen.
 In hoofdstuk 8 is een longitudinale studie naar het effect van de gecijferde 
thuisomgeving op het aanvankelijk rekenen in groep 3 uitgevoerd. De gecijferde 
thuisomgeving (gemeten in groep 2), bleek één jaar later in groep 3 nog steeds een unieke 
bijdrage te leveren aan het voorspellen van de rekenscores; zelfs na controleren voor de 
cognitieve vaardigheden en taalvaardigheden van het kind. Daarnaast is in deze studie 
speciale aandacht besteed aan de gecijferde thuisomgeving van kinderen met ESM. Uit 
de rapportages bleek dat ouders van kinderen met ESM thuis minder gecijferde activiteiten 
deden met hun kind, dan ouders van kinderen met een normale taalontwikkeling. Bovendien 
hadden ouders van kinderen met ESM lagere verwachtingen over de ontwikkeling van 
numerieke vaardigheden van hun kind. Het effect van ouder-kind activiteiten op het 
voorspellen van de rekenvaardigheidsscores bleek bovendien sterker voor kinderen 
met ESM. Deze vondst onderstreept het belang dat ouders van kinderen met ESM 
moeten worden aangemoedigd om thuis zo veel mogelijk te participeren in gecijferde 
thuisactiviteiten met hun kind. 

Conclusies en Implicaties voor de Praktijk

 In het laatste hoofdstuk, hoofdstuk 9, worden de conclusies uit de verschillende 
hoofdstukken weergegeven, gevolgd door implicaties voor de praktijk. Een belangrijke 
conclusie van dit proefschrift is dat de ontwikkeling van vroege numerieke vaardigheden in 
grote mate afhankelijk is van het taalkundig systeem (fonologisch bewustzijn, grammaticale 
vaardigheid), zelfs als wordt gecontroleerd voor de cognitieve functies (intelligentie, 
werkgeheugen) van het kind. Hier bovenop levert de gecijferde thuisomgeving (ouder-kind 
activiteiten en ouderverwachtingen) een unieke bijdrage aan de numerieke ontwikkeling 
van het kind. Deze vondsten hebben implicaties voor zowel de onderwijspraktijk als de 
thuisomgeving.
 Leerkrachten en zorgspecialisten wordt aanbevolen om bij kinderen met een 
taalprobleem niet alleen de taalvaardigheid in kaart te brengen, maar ook aandacht te 
besteden aan de taxatie van het rekenniveau. In het verlengde hiervan, verdient het de 
aanbeveling om taal-en rekenactiviteiten zoveel mogelijk gecombineerd aan te bieden, 
binnen het thematisch werken in de klas (bijvoorbeeld een letter- en getalmuur). Bij het in 
kaart brengen van de rekenproblemen van kinderen met ESM, wordt aanbevolen om ook 
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een taak die de benoemsnelheid meet in het diagnostisch instrumentarium op te nemen. 
Omdat sommen met tientalpassering een beroep doen op het fonologisch werkgeheugen, 
verdient het de voorkeur om zoveel mogelijk te werken met directe instructie, een beperkt 
aantal oplossingsstrategieën (bij voorkeur de rijgstrategie) en goede visualisatie van de te 
nemen stappen (zie ook Fazio, 1999).
 Voor ouders is het belangrijk om op te merken dat de verwachtingen die zij hebben 
van invloed zijn op de numerieke vaardigheden van hun kind. Verder wordt aanbevolen om 
ouders bewust te maken van hun belangrijke rol bij de numerieke ontwikkeling van hun 
kind. Het werken binnen de zone van naaste ontwikkeling van het kind is waarschijnlijk de 
meest optimale manier om de rekenprestaties te bevorderen.
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 Het is een koude zaterdagochtend in januari als ik dit dankwoord schrijf. De zon 
schijnt door de ramen naar binnen. Blaasmuziek op de achtergrond, kop koffie en een 
koek erbij, zo schrijf ik mijn teksten het liefst. Graag wil ik in dit laatste onderdeel van mijn 
proefschrift mijn dank uitspreken aan een groot aantal mensen. 

 In de eerste plaats zijn dit mijn begeleiders Eliane Segers en Ludo Verhoeven. Eliane, 
het begin van onze samenwerking dateert van juli 2006. Ik schreef mijn masterscriptie bij 
jou en na ons eerste kennismakingsgesprek hadden we er allebei vertrouwen in dat het een 
mooi project zou worden. En dat werd het! Sterker nog, het werd het begin van een lange 
en intensieve samenwerking. Ik kan je niet genoeg bedanken voor de kansen die je me hebt 
geboden; je nam me in september 2007 aan als onderzoeksassistent; ik mocht eerste auteur 
worden van het wetenschappelijk artikel dat voortkwam uit het scriptieonderzoek en je werd 
mijn dagelijks begeleider in september 2008. Ik kon altijd bij je terecht voor een goed advies, 
een goed gesprek of een lekkere bak koffie. Je was er altijd op het juiste moment en ik had me 
in de afgelopen vier jaren geen betere begeleider kunnen wensen! En nu werken we, jij als 
universitair hoofddocent en ik als universitair docent, intensief samen op een groot aantal 
projecten. Ik verheug me enorm op de vele jaren van samenwerking die nog gaan komen. 
 Ludo, je beschikt over een unieke gave om mensen het gevoel te geven dat ze er toe 
doen. Je geeft ze de vrijheid om iets van een project te maken en je stuurt bij waar dat nodig 
is. Je hebt een vooruitziende blik, je bent doortastend en je hebt oog voor de menselijke 
kant van een verhaal. Ik kijk bovendien uit naar het eerste potje Stratego dat ik tegen jou 
mag spelen, mogelijk tijdens één van de schrijfweken die in de toekomst nog gaan komen. 
Naast je kwaliteiten als wetenschapper, ben je ook nog eens een heel fijn mens (muzikaal 
bovendien!). Je bent voor mij een toonbeeld van een professional die houdt van zijn werk en 
daarnaast kan genieten van alle andere dingen in het leven die op zijn minst even belangrijk 
zijn. Ik ben je enorm dankbaar voor alle kansen en ondersteuning die je me hebt geboden in 
de afgelopen periode, met name in de laatste maanden van het project. Ik hoop in de toekomst 
nog veel van jou te mogen leren en kijk uit naar een voortzetting van onze samenwerking. 
 Een speciaal woord van dank aan Claire Hulsmans. Claire, in september 2007 bood 
je mij aan om docent te worden bij PWO. Jouw menslievendheid bewonder ik enorm. Onze 
intensieve samenwerking in het Klinisch Practicum Leerproblemen beschouw als ik een groot 
goed. Ik heb veel van je geleerd en leer nog elke dag bij. Je bent creatief en zeer enthousiast. 
Het is jouw verdienste geweest dat het Klinisch Practicum Leerproblemen tot grote hoogte 
is gestegen (met als hoogtepunt de Facultaire Onderwijsprijs Sociale Wetenschappen 
in december 2011) en ik voel me bevoorrecht dat ik dit proces in de afgelopen jaren van 
dichtbij heb mogen meemaken. Iemand zoals jij wens ik elk onderwijsinstituut toe! 
 Geert Thoonen, onze samenwerking is nog niet zo lang geleden van start gegaan, 
maar het begin is veelbelovend!! Ik heb enorm veel zin om samen met jou een bijdrage 
te leveren aan de verschillende klinische vakken van Pedagogische Wetenschappen en 
Onderwijskunde (PWO).
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 Ik wil graag op deze plaats mijn dank uitspreken aan de directie van het 
onderwijsinstituut PWO, Jan Janssens en later Anna Bosman. Bedankt dat jullie mij de 
kans hebben gegeven om actief te mogen bijdragen aan de vakken van het PWO-curriculum. 
Anna, we hebben veel gemeenschappelijke idealen en ik kijk dan ook met veel plezier terug 
op de bijeenkomsten van de Adviesraad PWO.
 Hanneke Wentink, bedankt voor de leuke en gezellige lunchbijeenkomsten. Wat 
fijn dat je me altijd een luisterend oor biedt en me van goede adviezen voorziet. Petri 

Embregts, je bent voor mij een inspirerend voorbeeld van hoe wetenschap en praktijk 
elkaar kunnen vinden. Gemma Verdiesen, onderwijsprofessional in hart en nieren en 
begeleider tijdens mijn stage op SBO ‘Het Kompas’ in Etten-Leur. Gemma, ik denk nog 
regelmatig terug aan die leerzame tijd. Wat fijn dat jij aan de basis stond van mijn carrière 
als orthopedagoog!
 Mijn directe collega’s van de vierde en vijfde verdieping bedank ik voor de gezellige 
lunches en leuke gesprekken. Een aantal van hen wil ik daarbij extra in het zonnetje zetten. 
Mark Noordenbos, wij hebben drie jaar lang een kamer gedeeld en jij verdient het om als 
eerste genoemd te worden. Bedankt voor de gezellige gesprekken en regelmatige uitstapjes 
naar het DE-café voor een ‘lekker bakkie koffie’. Ik kijk terug op een bijzondere tijd en 
hoop van harte dat je snel een passend vervolg vindt op jouw project. Nina Wolters, ik ben 
blij dat we het ook buiten werktijd goed met elkaar kunnen vinden! Een avondsessie met 
jou en je partner Joep staat garant voor plezier en vermaak tot in de late uurtjes. Esther 

Steenbeek-Planting, je bent niet alleen een fantastisch wetenschapper, maar ook een 
oprecht en leuk mens! Marlies de Zeeuw, Gerrit-Jan Kootstra, Margje van der Schuit, 

Marieke Peeters en Karien Coppens, allemaal oud-promovendi. Mooi om te zien hoe 
jullie je plek binnen en buiten de wetenschap inmiddels hebben gevonden. Merel van 

Goch, Linda de Leeuw, Carmen Damhuis, Sabine Klois, Brigitte de Hoog, Eva van de 

Sande, Kim Cordewener en Sophieke Koolen, de huidige generatie promovendi waarbij 
het einde van de projecten in zicht komt; jullie zijn stuk voor stuk kanjers! Mieke Nijhuis, 

Lanneke van Dreumel en Anne-Els Holweg, bedankt voor de morele en secretariële 
ondersteuning! Wij mogen ons gelukkig prijzen met jullie!
 Een speciaal woord van dank voor de ervaren garde binnen onze afdeling: Marijke 

van Beurden, Inemiek van Mameren, Anneke Maas, Mathijs Vervloed en Lex Hendricks. 
Zonder jullie zou het onderwijs er toch een stuk minder kleurrijk uit zien en ik kijk terug 
op de prettige en leerzame gesprekken die ik met jullie heb mogen voeren. Marjolijn van 

Weerdenburg, wat leuk dat we collega’s blijven. 
 Barbara Wagensveld, je bent de laatste die ik noem, maar zeker niet de minste! 
We hadden niet veel tijd nodig om te weten dat wij het heel goed met elkaar zouden gaan 
vinden, slechts een treinreis naar Leiden volstond. Weet je wat ik zo aan jou bewonder? Dat 
je naast je project ook nog een gezin hebt gesticht. Jij pakt de dingen grondig aan en dat 
verdient respect! Wat heerlijk om met jou binnen TalentenKracht samen te morgen werken. 
Ik hoop nog lang met jou als mens en collega van doen te hebben. 
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 Veel dank aan alle scholen (regulier basisonderwijs en speciaal onderwijs), ouders 

en leerlingen die hebben meegedaan aan het onderzoek. Dank ook aan de bachelor (het 
zijn er te veel om op te noemen!)- en masterstudenten die mij ondersteund hebben in het 
verzamelen van de data: Patty Cats, Karin Weulen Kranenbarg, Lisanne Broeders, Loes 

Horck, Hanne-Ruth Brand, Nicolle Tissen, Lotte de Visser, Maral Marteros en Annelien 

ter Heerdt.

 Ik prijs me gelukkig met zoveel dierbare vrienden om me heen. Een aantal van hen 
wil ik graag bij naam noemen. Martin Augustijn, onze vriendschap is de jongste maar 
zeker niet de minste. Ik hoef jou niet te vertellen hoeveel gemeenschappelijke interesses 
wij hebben (dat zijn er veel!). We kunnen niet alleen heerlijk discussiëren over van alles 
en nog wat, maar ook lachen om de meest zinloze dingen (karaoke…). Wat fijn om jou 
als vriend te hebben. Iain van der Wiel, onze vriendschap kent de meeste jaren, maar 
heeft nooit aan kwaliteit ingeboet. We wonen dan wellicht niet meer 200 meter van elkaar 
vandaan, het is altijd leuk om elkaar weer te zien en je bent er op de momenten dat het 
er toe doet. Bedankt hiervoor! Roy van Cauter, vanaf de tweede klas VWO delen jij en 
ik onze passie voor sportevents. En nee, niet zomaar events, dé events; daar worden we 
blij van! Ons avontuur op de Olympische Spelen in London (augustus, 2012) was één van 
onze sportieve hoogtepunten en ik hoop op nog meer van dit soort mooie herinneringen 
in de jaren die komen. En last but not least, Alain Stuivenvolt en Marcel van Gog. Heren, 
jullie kan ik niet apart bedanken. Wij zijn alle drie opgegroeid met muziek en het is 
muziek die vriendschappen glans geeft en het is muziek die mensen bindt. Ik kijk met 
veel plezier terug op onze jarenlange avonturen bij verschillende muziekgezelschappen: 
Leerlingenorkest Sint-Frans (in den beginne….), Harmonie Constantia, Ensemble Trimitas 
en Blaaskapel de Joekels. Ondanks dat we alle drie nu ons eigen leven hebben, weten we 
elkaar altijd weer te vinden. Dat is wat vriendschap voor mij is: uit het oog, maar niet uit 
het hart! Ik kan me geen betere vrienden wensen.
 Je ziet, beste lezer, het wordt steeds persoonlijker. We zijn zo langzamerhand 
aanbeland bij mijn familie. Allereerst mijn schoonouders. Elianne, veel dank voor je 
oprechte interesse in het onderzoek. Ik ben ontzettend dankbaar voor het feit dat jullie altijd 
voor ons klaar staan. Hans, bedankt voor het kritisch doornemen van de artikelen en je 
bijpassende commentaar (‘Wat is er nu eigenlijk nieuw aan je onderzoek?’). Het heeft me 
regelmatig aangezet tot dieper nadenken over het waarom van de studie en ik ben er alleen 
maar meer van overtuigd dat het een relevante en vernieuwende studie is geworden. Judith, 

Niels, Thomas en Floor, wat geniet ik er toch altijd van om met jullie samen te zijn. Ik kijk 
uit naar de vele mooie momenten die nog gaan komen. 
 Oma Kleemans, wat fijn dat u nog zo midden in het leven staat en dat u, inmiddels 86 
jaar, gewoon nog achter de laptop kruipt om een mailtje te sturen naar de kleinkinderen. Ik 
ben blij dat u nog steeds bij ons bent. Lieve Opa Jo (†5/9/2007) en Oma Jans (†21/2/2011), 
bedankt voor de vele momenten van liefde, zorg en hartelijkheid en het feit dat u mij 
gestimuleerd heeft om altijd het maximale uit mezelf te halen. 
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 Lotte, zusje, we zijn dan misschien wel verschillend, ook verschillen tussen mensen 
kunnen juist heel verbindend werken. Het is altijd leuk om elkaar weer te zien. Ik ben er 
trots op dat je mijn zus bent en ik heb veel respect en waardering voor de manier waarop je 
in het leven staat. Je werkt hard maar kunt ook genieten van de kleine dingen in het leven. 
De toekomst, samen met Gerhard, lacht je toe!
 Pa, jij bent altijd mijn grote voorbeeld geweest en dat ben je nog steeds. Wij hebben 
maar een half woord nodig om elkaar te begrijpen. Ik vind het heel bijzonder dat we samen 
op trompet zijn begonnen en ruim 15 jaar bij diverse muziekgezelschappen hebben gespeeld. 
We delen bovendien onze passie voor onderwijs. Je wist me altijd op de juiste momenten een 
duwtje in de rug te geven en waar sommige onderwijsprofessionals vraagtekens hadden of 
ik überhaupt de mavo wel zou doorkomen, heb jij er altijd in geloofd! Ik zou liegen als ik dit 
proefschrift niet ook een klein beetje voor jou en ma heb geschreven. 
 Ma, je grapt soms wel eens dat ik het altijd voor pa opneem, maar ik hoef je toch niet 
te vertellen hoe belangrijk je voor me bent?! Ik had dit allemaal niet hoeven doen van jou 
en ik realiseer me dat je ons het liefst allemaal nog dicht bij huis had gehad. Ik wil je enorm 
bedanken voor het feit dat je me altijd hebt ondersteund in de keuzes die ik heb gemaakt. 
Het is elke keer weer een feest om thuis te komen.
 De laatste alinea van het dankwoord is bestemd voor de degene die het allerbelangrijkste 
is. Mieke, mijn lief, je was er altijd en je bent er altijd. Samen zijn met jou doet me elke keer 
weer beseffen hoe rijk mijn leven is en dat het leven zo veel meer is dan alleen werk. Wij 
kunnen alles aan; de wereld ligt aan onze voeten. Ik kijk uit naar de zonnige toekomst die ons 
te wachten staat.
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 Tijs Kleemans is geboren op 2 oktober 1985 in Breda. Na het behalen van zijn 
Atheneumdiploma (vwo) aan de Katholieke Scholengemeenschap Etten-Leur (KSE) in 2003, 
startte hij in dat zelfde jaar de studie Pedagogische Wetenschappen en Onderwijskunde 
(PWO) aan de Radboud Universiteit, voorheen Katholieke Universiteit Nijmegen. Tijdens de 
masterfase van de opleiding Orthopedagogiek: Leren en Ontwikkeling heeft hij stage gelopen 
op het Kompas, een school voor speciaal basisonderwijs (SBO). Zijn afstudeerscriptie over 
de effectiviteit van open en gesloten Webquests op de kenniswinst van SBO-leerlingen, 
schreef hij bij dr. Eliane Segers en dr. Hanneke Wentink. In juli 2007 sloot hij zijn klinische 
masteropleiding cum laude af. Hij is daarna als orthopedagoog gedurende één jaar werkzaam 
geweest bij Remedius, onderdeel van Edux Onderwijsadviseurs te Breda. In diezelfde 
periode heeft hij als onderzoeksassistent gewerkt bij het Expertisecentrum Nederlands. In 
september 2008 startte hij zijn promotieproject aan het Behavioural Science Institute van 
de Radboud Universiteit onder leiding van prof. dr. Ludo Verhoeven en dr. Eliane Segers. 
 Naast zijn werkzaamheden als orthopedagoog en onderzoeksassistent, werd 
Tijs in september 2007 docent bij de opleiding PWO. In deze functie is hij tot op heden 
betrokken bij zowel het klinisch als methodologisch onderwijs binnen het bachelor-en 
masterprogramma van de opleiding PWO. Hij begeleidt studenten bij het schrijven van 
hun bachelor-en masterscriptie en is actief betrokken bij de organisatie van het Klinisch 
Practicum Leerproblemen. Daarnaast heeft hij onderwijs verzorgd aan de postdoctorale 
opleiding tot GZ-psycholoog (SPON). Naast zijn deelname aan het klinisch en methodologisch 
onderwijs van PWO, is Tijs ook werkzaam binnen andere onderdelen van de opleiding 
PWO. Hij geeft voorlichting aan scholieren uit vwo-5/6 en is lid van de Adviesraad PWO. 
Bovendien participeert hij in verschillende werkgroepen om het onderwijs binnen PWO 
verder te optimaliseren en uit te bouwen. In september 2012 ontving hij uit handen van 
rector magnificus prof. mr. S.C.J.J. Kortmann, de ‘Universitaire Onderwijsprijs voor beste 
Jonge docent’. 
 Momenteel is Tijs werkzaam als universitair docent aan de Radboud Universiteit. 
Binnen deze functie combineert hij zijn onderzoekswerkzaamheden bij het Behavioural 
Science Institute met zijn docentschap bij PWO.








