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S u m m a r y  

Lieselore, Cuynen, The link between parental reading skills and cognitive and neuroanatomical 

measures in pre-readers. 

Master thesis presented to obtain the degree of: Master in de Pedagogische Wetenschappen 

June 2015 

Supervisor: Dr. Maaike Vandermosten 

Co-supervisor: Prof. Dr. Pol Ghesquière 

With the collaboration of Dra Jolijn Vanderauwera 

 

In this study we examined whether a family risk for dyslexia, a behavioural risk or an interaction 

of both is associated with the neuroanatomical pathways for reading in children. Previous studies 

investigated family risk only based on a dyslexia diagnosis within the family, without taking into account 

the individual variability within parents’ reading skills. In addition, previous neuroimaging studies were 

based on findings in school-aged children and adults. Hence, in this study we applied a dimensional 

approach by investigating reading skills of the affected and unaffected parent and investigated whether 

they could be associated with children’s reading skills and their neural reading-related pathways. 

This study included behavioural and magnetic resonance imaging (MRI) data of 71 children of 

whom 36 have a family risk for dyslexia (i.e. having at least one first-degree relative with dyslexia). 

Diffusion MRI and pre-literacy skills were assessed in the last year of kindergarten and reading was 

assessed in third grade. In addition, reading measures in parents were collected. With regard to the 

neuroanatomical data, for each child the arcuate fasciculus (AF) and the inferior fronto-occipital 

fasciculus (IFOF) were delineated for both the left and right hemisphere. We used fractional anisotropy 

(FA) as the index for the connections between brain regions and of the white matter properties of these 

connections. We will examine family and behavioural risk as a dimensional factor to take into account 

individual differences. Correlational and regression analyses were performed to analyse the data 

gathered. 

A first aim of this study is to investigate the relation between parental reading skills and children’s 

pre-literacy and reading skills. Our results show that there is a relation between parental reading skills 

and children’s pre-literacy and reading skills. Reading experience of parents predicts a unique part of 

children’s reading ability. No relation was found between home literacy and children’s pre-literacy and 

reading skills. A second aim is to examine the relation between parental reading skills and the neural 

reading network of pre-readers. Our results show that phonological skills and parental reading data are 

related with bilateral AF and IFOF. However, parental reading data do not predict uniquely beyond 

phonological skills. We can conclude that there is a direct link between familial risk and later reading 

skills of children. In addition, there is an indirect link between familial risk and children’s white matter 

connections via behavioural risk. 
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A p p r o a c h  

This master thesis is part of a longitudinal study. The subject overlaps with the master 

thesis of Frauke Moerenhout, with whom I collaborated for literature study, DTI data collection 

and DTI data processing. In consultation with my supervisor the subject of my master thesis 

was further specified. To start, my supervisor provided me with some articles. Based on these 

scientific articles I have written down the structure of this master thesis. I searched for more 

articles, to complete the literature. This search was done in scientific databases such as LIMO 

and Web of Science. The participants for the study were already contacted, as they 

participated in the longitudinal study. The first data collection of this longitudinal study took 

place in June-September 2012. During the first data collection (wave 1) the ‘submarine’ 

protocol was used to prepare the children for the MRI scan (Theys, Wouters & Ghesquière, 

2014). The second data collection (wave 2) took place in June-September 2014. In this master 

thesis, we will use the data from wave 1, given the time intensiveness of data processing. But 

myself and a fellow student have been working out the data collection protocol for the second 

wave that includes a story which is designed in a castle theme. The goal of this protocol is to 

prepare children on a MRI scan in a child-friendly way. During this second data collection, me 

and a fellow student prepared the children for the MRI scan using the ‘castle’ protocol. I 

conducted the statistical analysis of the data (wave 1 and 2) in SPSS. During the data-analysis, 

I have also delineated the most important white matter tracts which were involved in reading 

(wave 2). After performing these analyses, I worked out the results and interpreted the data to 

write the discussion. 

I opted for a research article because writing an article is related to the work of a 

researcher and thus to what I wanted to experience. I strive for a publication of this article in 

Brain & Language. This journal focuses on articles about neurobiological mechanisms 

underlying human language. This study is in line with previous research published in this 

journal. 
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I n t r o d u c t i o n  

Research shows that 5-7% of the population develops dyslexia (Peterson & 

Pennington, 2012; Ramus, 2001; Ramus et al., 2003), a specific learning disorder 

characterized by severe and resistant reading and spelling difficulties (Snowling, 2000; 

Vellutino, Fletcher, Snowling, & Scanlon, 2004). Dyslexia is considered as a multifactorial 

disorder, meaning that it is not caused by one etiological factor, but rather by an interaction of 

cognitive, neural and etiological factors (Pennington, 2006). Moreover, several studies have 

shown that dyslexia is highly familial, with a heredity level of about 50% (Scerri & Schulte-

Körne, 2010). Dyslexia may be further associated with neuroanatomical peculiarities 

(Vandermosten, Boets, Wouters, & Ghesquière, 2012b). A large number of studies in adults 

and school-aged children demonstrates that reading involves a left lateralised neural network. 

Abnormalities in that network are considered to be the basis of the severe and resistant reading 

and spelling difficulties persons with dyslexia are struggling with (Vandermosten et al., 2012b). 

Based on these findings, in this study we will investigate the relation between parental 

reading skills and cognitive and neuroanatomical measures in pre-readers. Adding to previous 

studies, the familial risk in the current study is not only determined based on diagnosis of the 

parent with reading difficulties but also based on the reading scores of the unaffected parent. 

Further, previous neuroimaging studies were based on findings in school-aged children and 

adults. Hence in this study, we investigate white matter pathways of pre-reading children. It is 

important to investigate the neural reading circuit of children at this young age, in order to know 

the characteristics of these brain areas before being influenced by reading instruction or 

reading experience. In this study we examine whether the familial risk for dyslexia, or the 

behavioural risk, or an interaction of both, is associated with the white matter properties of the 

neuroanatomical pathways of the reading network in children. In the first part of this study, we 

will investigate the relation between parental reading skills and children’s pre-literacy and 

reading skills. In the second part we will examine the relation between parental reading skills 

and the white matter properties of the neural reading network of beginning readers. 

 

T h e o r e t i c a l  b a c k g r o u n d  

Reading and dyslexia  

Reading is a cognitive skill that is not rapidly accomplished, but results from an enduring 

process that requires explicit instruction.  
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In a first stage, the logographic phase, children recognise words based on the visual features 

of words, similar to the recognition of visual objects. The logographic phase is rather 

preparatory and the ‘reading’ in this stage is of a primitive form. In a next stage, children learn 

that each grapheme is linked to a corresponding phoneme. More specifically they will apply a 

set of learned correspondence rules to link graphemes to phonemes and assemble them into 

a word (Coltheart, 2005; Geijsel & Aarnoutse, 2006). This limited set of rules allows children 

to get access to the meaning of thousands of newly encountered written words. This reading 

strategy is also called the sublexical phonological route. Through repeated exposure to 

patterned orthographic information, children develop a second reading strategy, i.e. the direct 

lexical reading route. Here children do not apply grapheme-phoneme correspondence rules, 

but directly recognise the words (or chunks of words) based on their visual word form (Geijsel 

& Aarnoutse, 2006). Whenever the child decodes an unfamiliar word, it will acquire 

orthographic information about this word at the same time. This can be seen as a bootstrapping 

mechanism, wherein the sublexical phonological route stimulates the lexical reading route 

(Ziegler, Perry, & Zorzi, 2014). The sublexical phonological route has to be used in new and 

infrequent words, while frequent words can be more easily processed by the direct lexical 

reading route. It has been argued that the sublexical phonological route and the direct lexical 

reading route supplement each other in skilled readers (Barron, 1986; Coltheart, 2005). 

Although most of the children learn to read fluently, 5-7% of the population develops 

dyslexia (Peterson & Pennington, 2012; Ramus, 2001; Ramus et al., 2003). Dyslexia is a 

disorder characterized by severe reading and spelling difficulties. The difficulties persist 

despite intensive remediation and are not due to factors such as lack of motivation, a sensory 

deficit or inadequate schooling (Snowling, 2000; Vellutino et al., 2004). It is generally accepted 

that dyslexia derives from a phonological deficit. The phonological deficit concerns problems 

with the representation and processing of speech sounds, and can be expressed in three 

subskills, i.e. phonological awareness (PA), rapid automatized naming (RAN) and verbal short-

term memory (VSTM) (Snowling, 2000). Both PA and RAN are considered as good predictors 

for reading (Boets et al., 2010; Caravolas, Hulme, & Snowling, 2001; Parilla, Kirby, & 

Mcquarrie, 2004; Wagner, Torgesen, & Rashotte, 1994). Besides these skills, also letter 

knowledge (LK) is often considered as a good predictor for reading (Boets et al., 2010; 

Puolakanaho et al., 2007).  
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VSTM also has a predictive value, but is less strongly associated with reading development as 

opposed to PA and RAN (Dandache, Wouters, & Ghesquière, 2014; Smans & Boets, 2009). 

Children with dyslexia perform poorly on the phonological tasks (Wagner & Torgesen, 1987) 

and the phonological deficit is manifest before the onset of reading instruction starts (Boets, 

Wouters, van Wieringen, & Ghesquière, 2007; Elbro, Borstrøm, & Petersen, 1998; Pennington 

& Lefly, 2001; Snowling, Gallagher, & Frith, 2003). Not only phonological skills, but also 

orthographic skills play an important role in the development of reading. Orthographic skills 

concern the representation and processing of the written form of letters and words, and can 

be related to the lexical reading route (Furnes & Samuelsson, 2011; Smans & Boets, 2009). 

Orthographic problems may be the result of the phonological problems or can be seen as an 

independent cause of dyslexia (Bekebrede, van der Leij, & Share, 2009; Share, 1995). 

Furthermore, a reciprocal relationship between phonological skills and reading skills 

has been established (Bentin & Leshem, 1993; Castles & Coltheart, 2004). The phonological 

skills affect the reading development, but learning to read also affects the development of the 

phonological skills. Given that there is a reciprocal relationship it can be stated that the 

phonological deficit can be both cause and consequence of the reading difficulties (Castles & 

Coltheart, 2004; Smans & Boets, 2009). However, the phonological deficit doesn’t explain all 

the variance in reading. Hence, researchers encourage to consider dyslexia as a multifactorial 

disorder. 

 

Family risk 

Dyslexia can be seen as a multifactorial disorder in which, besides cognitive skills, 

genetic and environmental factors are also considered as influencing factors. The multiple 

deficit model of Pennington (2006) also assumes that dyslexia is not caused by a single 

etiological factor, but rather an interaction of several risk and protective factors. This model 

consists of four levels namely behavioural disorders, cognitive processes, neural systems and 

etiological factors. For the case of dyslexia, the cognitive level includes the phonological deficit. 

The neural level consists of the brain networks, where the etiological level includes the genetic 

effects such as family risk. In addition to poor phonological skills, also family risk can be 

considered as an important predictor for dyslexia. Children with a family risk for dyslexia (FRD+, 

i.e. having a first degree relative diagnosed with dyslexia) have a chance of 40 to 60% to 

ultimately develop dyslexia (Scerri & Schulte-Körne, 2010). Children without a family risk (FRD-

, i.e. no first degree relative with reading problems) have a 5 to 7% chance to develop dyslexia 

(Peterson & Pennington, 2012; Ramus, 2001; Ramus et al., 2003). 
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Genetic factors 

Normal reading FRD+ children perform weaker on reading and spelling compared to 

normal reading FRD- children (Naples, Chang, Katz, & Grigorenko, 2009; Petrill, Deater-

Deckard, Thompson, De Thorne, & Schatschneider, 2006). Normal reading FRD+ children 

perform better on reading related tasks than dyslexic reading FRD+ children. However, the 

normal reading FRD+ children perform more poorly on PA and literacy compared to FRD- 

children (Boets et al., 2010; Elbro et al., 1998; Snowling et al., 2003; van Bergen, de Jong, 

Plakas, Maassen, & van der Leij, 2012). In contrast, a study of Pennington & Lefly (2001) 

demonstrated that normal reading FRD+ children were comparable to FRD- children on PA, 

but show impairments for VSTM and RAN.  

Besides the differences between FRD+ children, the relation between behavioural 

aspects of the parents and the children is relevant as well. Dyslexic parents of a dyslexic 

reading FRD+ child experience more problems on RAN and reading compared with dyslexic 

parents of a normal reading FRD+ child (van Bergen et al., 2011; van Bergen et al., 2012). A 

study by van Bergen, de Jong, Maassen, & van der Leij (2014a) shows that even for the 

unaffected parent a difference could be determined. Parents of a dyslexic reading FRD+ child 

perform more slowly on RAN tasks than parents of a normal reading FRD+ child. No differences 

were found for parental non-word reading, spelling and non-word repetition between these two 

groups. Children of dyslexic parents with a RAN deficit are more likely to develop dyslexia than 

children of parents without this deficiency (van Bergen et al., 2012).  

 

Environmental factors 

Besides parental influences via genetic factors, reading environment can also be 

included as a factor influencing the reading process in children. A study by Niklas & Schneider 

(2013) shows that socio-economic status, migration background and home literacy 

environment (HLE) are also relevant aspects in reading development. Shared parent-child 

reading appeared to be related to better results on word reading in kindergarten (Sénéchal & 

Lefevre, 2002; Silinskas et al., 2012; Torppa, Poikkeus, Laakso, Eklund, & Lyytinen, 2006). A 

longitudinal study of Molfese, Modglin & Molfese (2003) shows that HLE can be related to later 

reading skills. However, in a study of van Bergen, van der Leij, & de Jong (2014b) the 

environmental factor is disproved. It states there is no difference between normal reading FRD+ 

children and dyslexic reading FRD+ children.  
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Furthermore it shows no group difference between the FRD+ and FRD- groups in terms of 

cognitive stimulation by parents, which is in line with a study of Hosseini et al. (2013). In 

addition, several studies demonstrate there is no effect of HLE on the reading outcomes of 

children (Elbro et al., 1998; Snowling, Muter, & Carroll, 2007; Torppa et al., 2007; van Bergen 

et al., 2011; van Bergen et al., 2014b).  

 

Neural correlates involved in reading 

Reading requires the collaboration of different cortical regions. Several functional 

magnetic resonance imaging (fMRI) studies show that three brain regions are particularly 

active while reading, the inferior frontal gyrus, the temporoparietal and occipitotemporal 

regions in the left hemisphere (Jobard, Crivello, & Tzourio-Mazoyer, 2003; Pugh et al., 2000; 

Schlaggar & McCandliss, 2007). In a recent meta-analysis of Martin, Schurz, Kronbichler, & 

Richlan (2015) in which they discuss twenty fMRI studies in normal reading adults, activation 

in occipitotemporal and inferior frontal regions was confirmed, yet activation in the left superior 

temporal gyrus was not determined. The left inferior frontal gyrus is associated with articulation, 

subvocal rehearsal, memory and high-order phonological processes (Fiez & Peterson, 1998; 

Gandour et al., 2002; Murphy et al., 1997; Smith & Jonides, 1999). The left temporoparietal 

area is responsible for phonological processing and grapheme-to-phoneme mapping (Becker, 

MacAndrew, & Fiez, 1999; Démonet, Thierry, & Cardebat, 2005; Jobard et al., 2003; Simos et 

al., 2002; van Atteveldt, Formisano, Goebel, & Blomert, 2004). The left occipitotemporal area 

is related to the automatic processing of visual word form perception and is also called the 

Visual Word Form Area (Dehaene, 2014; Jobard et al., 2003). Based on the distinct activation 

patterns of dorsal versus ventral regions during reading-related fMRI-tasks, it is generally 

assumed that two distinct neural routes seem to be involved in reading. The dorsal route, 

comprising left temporoparietal and inferior frontal regions, would be related to the sublexical 

phonological route, whereas the ventral route would be related to the direct lexical reading 

route (Jobard et al., 2003; Schlaggar & McCandliss, 2007). 

Not only the brain regions are interesting, the connections between these brain regions 

play an important role as well. Using diffusion tensor imaging (DTI) tractography we can 

delineate white matter tracts such as the arcuate fasciculus (AF), the inferior fronto-occipital 

fasciculus (IFOF) and the inferior longitudinal fasciculus (ILF) that all connect reading-related 

areas (Catani, Howard, Pajevic, & Jones, 2002).  
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The AF is a dorsal white matter tract between the posterior inferior frontal cortex and the 

temporal cortex. A recent DTI-study in adults shows that this tract is important for PA, an 

essential component of reading development (Vandermosten et al., 2012a). In addition, 

fractional anisotropy (FA) in the left AF is also correlated with PA in pre-reading children 

(Saygin et al., 2013; Vandermosten et al., submitted). RAN is related to FA in the left 

temporoparietal regions, while VSTM is associated with FA in the frontal regions (Deutsch et 

al., 2005). The ILF is a ventral white matter tract, which transmits signals between the occipital 

lobe and the anterior and inferior temporal lobe. Studies in adults, adolescents as well as 

children show that these signals can be important for the reading process (Yeatman, 

Dougherty, Ben-Shachar, & Wandell, 2012). The IFOF is another ventral white matter tract. 

The occipital component of this tract runs parallel to the ILF but connects to the orbitofrontal 

and dorsolateral prefrontal areas involved in the semantic system (Duffau et al., 2005). The 

IFOF in adults is related to orthographic processing. This tract could be responsible for the 

direct lexical reading route (Vandermosten et al., 2012a). 

 

Neural correlates of reading in adults with dyslexia 

The above cited neuroimaging studies demonstrate that reading requires an activation 

of brain regions in the left hemisphere as well as a good cooperation between the different 

brain regions. The activation of these brain regions seems to fail in individuals with dyslexia. 

First the findings of adults with dyslexia will be discussed. A meta-analysis of Richlan, 

Kronbichler, & Wimmer (2011) discusses nine fMRI studies which demonstrate the brain 

activity in adults with dyslexia while reading. Underactivation was observed in the left 

occipitotemporal area and the left inferior frontal gyrus. Underactivation was also determined 

in the left temporo-parietal area, more specifically in the superior temporal gyrus. 

Underactivation in the left temporoparietal area may reflect the phonological impairment. 

These findings can be integrated in a neuroanatomical model of developmental dyslexia, 

postulating a primary dysfunction of the left temporoparietal area and a secondary dysfunction 

of the left occipitotemporal area (Richlan, 2012). 

In addition to the activation of the brain regions, the cooperation between the different 

brain regions seems to fail in individuals with dyslexia. A review study of Vandermosten et al. 

(2012b) shows that ten studies observe a lower FA in the left temporo-parietal region in adults 

with dyslexia. Five studies found a lower FA in the left frontal cortex in adults with dyslexia.  
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A lower FA was also revealed in the bilateral fronto-temporal and left occipital regions. In 

addition, a decreased FA was observed in the left AF, particularly in the area that connects the 

posterior temporal and inferior frontal regions. Two studies reported a higher FA in the posterior 

part of the corpus callosum in adults with dyslexia (Frye et al., 2008; Odegard, Farris, Ring, 

McColl, & Black, 2009). A lower FA in the left temporoparietal and frontal areas indicates poor 

reading skills. However, a lower FA in the posterior part of the corpus callosum indicates good 

reading skills. No group difference was found in the FA in the left IFOF and the right AF in 

adults with dyslexia (Vandermosten et al., 2012a).  

 

Neural correlates of reading in children. 

First we will discuss the findings of brain activity in school-aged reading children, 

followed by findings at the onset of reading (i.e. in pre- to beginning readers). A meta-analysis 

of Martin et al. (2015) including 40 fMRI studies in normal readers shows overlap as well as 

activation differences between children (7–12 years old) and adults. Activation in the left 

occipitotemporal area and the left inferior frontal gyrus was identified both in children and 

adults. Activation in the left superior temporal gyrus and the bilateral supplementary motor area 

was only found in children. In contrast, activation in the bilateral posterior occipitotemporal area 

was only identified in adults. 

Given the described neuroanatomical model of developmental dyslexia, we would 

expect a dysfunction in both areas in older children because they already are advanced in the 

reading process. Findings of fMRI studies in children with dyslexia (9-11 years old) observe 

underactivation in the left temporoparietal area compared to their normal reading peers. 

Underactivation was also found in the left anterior occipitotemporal area (Richlan et al., 2011). 

More specifically, when contrasting adults and children fMRI-studies, it is observed that 

children also show underactivation in the bilateral inferior parietal area, which is not the case 

for adult dyslexics. Adults on the other hand show more underactivation in the occipito-

temporal area than children. Underactivation in the anterior part of the occipitotemporal cortex 

is observed both in children and adults (Richlan et al., 2011).  

For pre- to beginning readers we would expect a dysfunction of the temporoparietal 

area according to the neuroanatomical model of developmental dyslexia. In order to investigate 

the neural reading circuit of pre-reading children, it is recommend to use specific protocols to 

prepare the children for a MRI scan.  
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For research objectives, however, it is not ethical to sedate children. Hence, specific protocols 

were developed for this purpose (Barnea-Goraly et al., 2014; Byars et al., 2002; de Bie et al., 

2010; Raschle et al., 2012b; Theys, Wouters, & Ghesqhuière, 2014). Pre-reading children and 

beginning readers with a family risk for dyslexia show underactivation in bilateral 

temporoparietal regions (Raschle, Chang, & Gaab, 2011). Also pre- to beginning readers with 

a behavioural risk for dyslexia show underactivation in these regions (Yamada et al., 2011). A 

study in pre-reading children with a family risk for dyslexia shows underactivation in the 

occipitotemporal area (Raschle et al., 2011). Underactivation in the bilateral inferior parietal 

cluster is observed in beginning readers with a family risk for dyslexia (Specht et al., 2009). A 

study of Brem et al. (2010) also shows underactivation in bilateral inferior parietal regions in 

beginning readers without family risk for dyslexia. Underactivation is also noted in the frontal 

regions in beginning readers with a behavioural risk for dyslexia (Specht et al., 2009; Yamada 

et al., 2011). These findings are contrary to what we expected based on the neuroanatomical 

model of developmental dyslexia. 

Now the findings from DTI-studies in children with dyslexia or children at risk for 

dyslexia are being discussed. A significant group difference was observed in FA in the left 

IFOF between pre-reading children with and without a family risk. No group difference in these 

children was found in FA in the left AF as was observed in adults with dyslexia (Vandermosten 

et al., 2012a). A study by Vandermosten et al. (submitted) shows a correlation between PA 

and FA in bilateral AF in pre-reading children and beginning readers. This finding is in line with 

a study of Saygin et al. (2013) which also shows that FA in the left AF correlates with PA. 

However, LK and RAN do not correlate with FA in the left AF (Saygin et al., 2013; 

Vandermosten et al., submitted). A study of Myers et al. (2014) also shows that the 

development of PA involves the temporoparietal and inferior frontal regions and this in the early 

stages of reading acquisition. 

 

T h e  p r e s e n t  s t u d y  

The present study aims to investigate the relation between parental reading skills and 

cognitive and neuroanatomical measures in pre-readers. The research question we try to 

answer in this study examines whether the family risk for dyslexia, or the behavioural risk or 

an interaction of both, is associated with the neuroanatomical pathways of the reading network 

in children.  
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We will examine behavioural risk and family risk as dimensional factors. A first objective is to 

assess the relation between parental reading skills (representing the familial risk) and 

children’s pre-literacy skills (representing the behavioural risk). We propose that when parents 

perform weak on reading scores, we will also encounter weaker scores on reading and pre-

literacy skills in children. A study by van Bergen et al. (2012) observes a correlation between 

performances in parents and children on word-reading fluency. Given that we test children’s 

pre-reading skills as well as their later reading skills (beginning readers), we can determine 

whether the familial risk and behavioural risk each uniquely predict a child’s later reading skills. 

Adding to previous studies, the familial risk in the current study is not only determined based 

on the parent with reading problems but also based on the unaffected parent. In addition, as 

the familial risk might be driven by both genetic and environmental factors, the latter was taken 

into account by assessing the home literacy environment of the child. Given that a maternal 

history of reading difficulties correlates with neuroanatomical structures of pre-reading children 

(Hosseini et al., 2013), we will also investigate the relation between behavioural measures of 

the parents and the neural reading network of beginning readers. 

 

Participants 

This study is part of a longitudinal project. In total, 87 Dutch-speaking children were 

selected for this project. We are using data collected in the last year of kindergarten and in 

third grade. At the first measurement, participants underwent behavioural and MRI 

assessments (wave 1). In the total sample of 87 children, behavioural data such as RAN and 

PA were measured at the beginning of the last year of kindergarten. At the end of the last year 

of kindergarten a MRI-scan and a LK task were administered in a subsample of 75 children for 

whom parents gave informed consent to participate in the MRI-session. Due to unsuccessful 

DTI-acquisition, four children had to be excluded from the DTI-analyses (N = 71). At the 

beginning of the third grade (wave 2), reading ability was measured. 

The data presented in this study are pre-literacy skills and MRI from wave 1 and the 

reading data from wave 2. In this sample, a distinction was made between children with and 

without a family risk for dyslexia. Children with a family risk belong to the FRD+ group and 

children without a family risk belong to the FRD- group. A family risk for dyslexia is defined as 

having at least one first-degree relative with dyslexia.  
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The FRD+ group was matched with the FRD- group, based on five criteria: (1) educational 

environment, i.e. same class, (2) gender, (3) age, (4) non-verbal IQ and (5) socio-economic 

status (SES), using the Family Affluence Scale (Boudreau & Poulin, 2009; Boyce, Torsheim, 

Currie, & Zambon, 2006). Non-verbal IQ was measured with Raven’s Coloured Progressive 

Matrices (Raven, Court, & Raven, 1984). In addition, five exclusion criteria were taken into 

consideration: (1) a non-verbal IQ below 80, (2) a hearing loss, (3) multilingualism, (4) a history 

of brain damage, vision deficits, or articulatory problems, and (5) a high risk for developing 

ADHD, based on the Strengths and Difficulties Questionnaire (Goodman, 1997; Widenfelt, 

Goedhart, Treffers, & Goodman, 2003). 

The results reported in the present study include data of 71 children, of whom 36 belong 

to the FRD+ group and 17 children can be considered as dyslexics (Moerenhout, 2015). This 

study was approved by the local Ethical Board. The parents of all children gave their written 

consent so the children could participate in this study. 

 

Behavioural measures in children 

Table 1 provides descriptive statistics of children’s and parental cognitive and reading 

skills. To evaluate phonological skills, children were measured on PA and RAN at the 

beginning of the last year of kindergarten. PA in children was assessed by an end phoneme 

and end rhyme identification task (de Jong, Seveke, & van Veen, 2000). These tasks consisted 

of high frequent one-syllabe Dutch words and each item included a row of five pictures. The 

first picture represented the given word and was separated from the other pictures. All items 

were named for the child. The child responded by naming or by pointing to the corresponding 

alternative. Performance on both tasks was assessed by the number of correct answers (Boets 

et al., 2010). These scores were converted into z-scores and averaged to obtain a composite 

score for PA.  

Naming speed in children was assessed by RAN tasks requiring children to sequentially 

name lists of objects and colours as quickly as possible. The objects represented five high 

frequent one-syllable words. The colours were represented by small rectangles in five colours. 

Each list of stimuli is displayed on a card consisting of 50 symbols in a random order. The child 

was asked to name the symbols of the last column of a card to determine whether the child 

was familiar with all the presented symbols (Boets et al., 2010; van den Bos, Zijlstra, & 

Spelberg, 2002). Performance on these tasks was assessed by the number of correct answers 

per second. These scores were also converted into z-scores and averaged to obtain a 

composite score for naming speed.  
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LK of the children was measured at the end of the last year of kindergarten and was 

assessed by both a receptive and productive task (Boets et al., 2010; Verhoeven, 2002). In 

the receptive task, children had to choose the letter which matched with the corresponding 

sound from six alternatives. In the productive task, children had to name the 16 most frequently 

used letters in Dutch books. These scores were also converted into z-scores and averaged to 

obtain a composite score for LK.  

To evaluate reading ability, word and pseudo-word reading tests were administered at 

the beginning of the third grade. Word reading fluency was assessed by the One-Minute-Test 

(Brus & Voeten, 1973) and the Three-Minutes-Test (Verhoeven, 1995). The One-Minute-Test 

consists of a list of 116 words of increasing difficulty. The Three-Minutes-Test comprises three 

different lists. The first and second list consisted of 150 monosyllabic words. The first list 

includes words with a consonant vowel, vowel consonant or consonant vowel consonant 

pattern. The second list consists of words with at least one consonant cluster. The third list 

consists of 120 polysyllabic words. Non-word reading fluency was measured with the Klepel 

(van den Bos, Spelberg, Scheepstra, & de Vries, 1994). This test consists of a list of 116 

pseudo-words of increasing difficulty. The number of words read correctly was converted into 

z-scores and averaged to obtain a composite score for reading ability.  

 

Behavioural measures in parents 

Information about reading experience was assessed by an adult reading history 

questionnaire (Lefly & Pennington, 2000; Nuytten, 2005). This questionnaire was completed 

by both mother (n = 64) and father (n = 60). The items were scored on a five-point scale. This 

questionnaire measures both the childhood and current reading experiences. A cut-off score 

of 0.35 was used to determine the existence of family risk for dyslexia. A higher score 

represents more reading impairment during childhood (Black et al., 2012; Hosseini et al., 2013; 

Lefly & Pennington, 2000). 

To evaluate reading ability, the same word and pseudo-word reading tests as in 

children were administered in parents except for the Three-Minutes-Test. The One-Minute-

Test (Father: n = 32; Mother: n = 57) and the Klepel (Father: n = 31; Mother: n = 56) were used 

(Brus & Voeten, 1973; van den Bos et al., 1994). These tests required the speeded reading of 

lists of words/pseudo-words at increasing difficulty. The number of words read correctly was 

converted into z-scores and averaged to obtain a composite score for reading ability. 
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Home literacy environment 

Information about home literacy was assessed by a questionnaire (Torppa et al., 2007; 

van Bergen et al., 2014a). The parents were asked to estimate the reading frequency of the 

child and the time they spent reading together. Three of the items were scored on a five-point 

scale. This scale had a range from “never” to “several times a day”. Four of the items were 

scored on a three-point scale. This scale had a range from “less than 15 minutes a day” to 

“more than 45 minutes a day”. 62 of the 71 questionnaires were completed. 

 

Table 1 

Descriptive statistics of children’s and parental cognitive and reading skills 

 

 

Neuroanatomical measures 

Data acquisition 

All participants underwent MRI examination on a 3T scanner (Philips) with a 32-channel 

head coil. The MRI data were acquired using a single shot echo planar imaging (EPI) with 

SENSE (parallel) acquisition. DTI sagittal slices were acquired with the following parameters: 

repetition time 7600 ms, echo time 65 ms, flip angle 90°, voxel size 2.5 x 2.5 x 2.5 mm, 60 

non-collinear directions, b-value 1300 s/mm2, 6 non-diffusion-weighted images. 

To prepare the children for the MRI-scan, the ‘submarine’ protocol was used. This 

protocol consisted of three phases. In the first stage, all participants received two movies to 

watch at home. The first movie described the scanning procedure. The second movie was 

directed to the child and includes a child-friendly introduction to the MRI-scanning procedure. 

In the second stage, the child was prepared for the actual scan. During this preparation, the 

child had to complete six tasks. Each task familiarized the child with the different aspects of an 

MRI scan. The final stage was the actual MRI scan. The child had the chance to explore the 

scanner room, which was decorated in the abovementioned theme (for a comparable approach 

see Theys et al., 2014). 
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Data processing 

Raw data were transferred to an offline workstation. Pre-processing was done using 

ExploreDTI (Leemans & Jones, 2009). The data were corrected for eddy current distortions 

and subject motion. The software TrackVis was applied to perform tractography. This software 

is using regions of interest (ROI). ROI’s are defined based on anatomical landmarks in colour-

coded maps. In these colour-coded maps, the colour indicates the direction of the stream of 

the fibers. On the basis of these ROI’s the white matter tracts can be delineated.  

In this study, for each individual the AF direct (see Figure 1) and the IFOF (see Figure 1) were 

delineated for both the left and right hemisphere according to the Wakana protocol (Wakana 

et al., 2007). We were able to delineate the IFOF and the AFdirect in all children, except for 

the right AFdirect which was only found in 50 of the 71 subjects (70%). An average FA-value 

along each tract was calculated. All white matter tracts were manually delineated. To assess 

the reproducibility of the obtained results, each tract in the left hemisphere was delineated by 

two raters. Concordance Correlation Coefficients (CCC) were also calculated for the extracted 

FA-values (Crawford, Kosinski, Lin, Williamson, & Barnhart, 2007). For each of the left 

hemispheric tracts the correspondence between the two raters was very high, with CCC equal 

to .981 and .977 for IFOF and AF direct. 

 

 

Figure 1. DTI tractography of the left arcuate fasciculus (AF) direct and the left inferior fronto-

occipital fasciculus (IFOF) 
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Analyses 

Statistical analyses were conducted in SPSS. In order to determine the correlation of 

behavioural measures in parents with behavioural measures in children and the relation 

between behavioural measures and diffusion measures, Pearson correlations were calculated. 

Reading ability of mother, reading ability of father, LK, reading experience of father, reading 

experience of the affected parent and home literacy were not normally distributed. For these 

variables Spearman’s rho were reported. In addition, regression analyses were performed to 

explore the role of parental reading skills as early predictors of children’s reading skills and 

children’s white matter connections in the brain. The residuals of the right IFOF (model 1) and 

of the right IFOF within the FRD+ group (model 1) were not normally distributed. Results were 

considered significant only if they passed p < 0.05. 

 

R e s u l t s  

Effect of parents’ reading skills on children’s phonological and reading skills 

Table 2 provides Pearson and Spearman correlation coefficients between parental 

reading skills and children’s pre-literacy and reading skills. In general, reading ability of parents 

correlated with children’s pre-literacy skills, namely with RAN, LK, and to a smaller extent also 

with PA. Contrary, home literacy environment did not show clear relations with pre-literacy 

skills of the child. More specifically, performance of a child on PA correlated with reading ability, 

as measured with the One-Minute-Test and Klepel, of fathers (n = 32, r = 0.427, p = 0.015) but 

not with reading ability of mothers (n = 56, r = 0.481, p = 0.096). No significant correlation was 

found with reading experience, as measured with a reading history questionnaire, and with 

home literacy. Performance of a child on RAN correlated with the reading tests of mothers 

(n = 56, r = 0.384, p = 0.003) and of fathers (n = 32, r = 0.409, p = 0.020). In addition, RAN 

correlated with the reading questionnaire of mothers (n = 64, r = -0.396, p = 0.001). RAN was 

only marginally correlated with the reading questionnaire of fathers (n = 60, r = -0.234, 

p = 0.072). No significant correlation was found between RAN and home literacy. LK correlated 

with reading tests of mothers (n = 56, r = 0.450, p = 0.001) but not with fathers (n = 32, r = 0.294, 

p = 0.103). Furthermore, LK correlated with the reading questionnaire of mothers (n = 64, r = -

0.404, p = 0.001). LK was marginally correlated with the reading questionnaire of fathers 

(n = 60, r = -0.231, p = 0.076). In addition, LK was marginally correlated with home literacy 

(n = 62, r = 0.228, p = 0.074).  
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In addition, reading skills of parents correlated with reading ability of children. Reading 

ability of children, indexed by a composite score of the One-Minute-Test, Klepel and Three-

Minutes-test, correlated with reading tests of mothers (n = 56, r = 0.635, p < 0.001) and of 

fathers (n = 32, r = 0.457, p = 0.008). Reading tests of children also correlated with the reading 

questionnaire of mothers (n = 64, r = -0.300, p = 0.016) and of fathers (n = 60, r = -0.347, 

p = 0.007). No significant correlation was found between reading skills of children and home 

literacy. 

 

Table 2 

Pearson and Spearman (bold) correlations between parental reading skills and children’s pre-
literacy and reading skills 

 

 

Since a child’s later reading performance was correlated with (1) parents’ reading skills, 

as well as with (2) a child’s pre-reading cognitive skills (see Supplementary Information (SI) 

Table 1), we performed hierarchical regression analyses to explore the unique contribution of 

each. In the first step of the regression we added each of the three pre-literacy skills as 

independent variables and used children’s reading ability as dependent variable. 26.3% of the 

variance in reading ability could be explained by pre-literacy skills. Results indicated that LK 

(β = 0.265, p = 0.047) predicted a significant amount of variance in children’s reading ability. 

RAN (β = 0.244, p = 0.052) was also marginally significant associated with children’s reading 

ability. In a second step, reading experience in parents was added to the model (model 

R2 = 27.9%). Reading experience of father (β = -1.697, p = 0.045) predicted a significant 

amount of variance in children’s reading ability beyond the pre-literacy skills. Reading 

experience of mother (β = -1.455, p = 0.123) wasn’t associated with children’s reading ability. 

Note however that after adding reading experience of parents to the model, none of the pre-

literacy skills remained a significant predictor of children’s reading ability (PA: p = 0.275; RAN: 

p = 0.504; LK: p = 0.457).  
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In a final step, we examined the role of home literacy in predicting children’s reading ability 

(model R2 = 30.9%). Reading experience of mother (β = -1.889, p = 0.057) was marginally 

associated with children’s reading ability. Reading experience of father (β = -2.772, p = 0.006) 

remained a significant predictor and explained unique variance. 

 

Effect of parents’ reading skills on children’s white matter connections in the brain 

Since children’s pre-literacy skills correlate with their white matter connections (see SI 

Table 1; see also Vandermosten et al., 2012b), we also investigated whether parental reading 

skills related to children’s white matter connections. There was no significant correlation found 

between reading experience of mother and children’s white matter connections (see Table 3), 

but reading experience of father correlated with FA in the left IFOF (n = 60, r = -0.258, 

p = 0.047). Home literacy significantly correlated with the FA in the right AF (n = 43, r = 0.385, 

p = 0.011) and the left IFOF (n = 62, r = 0.292, p = 0.021). Note, however, that none of the 

correlations was corrected for multiple comparisons.   

 

Table 3 

Pearson and Spearman (bold) correlations between parents’ reading-related behavioural 

measures and children’s white matter connections 

 

 

To explore the role of parental reading skills as early predictors of the properties of 

children’s white matter connections in the brain, beyond a child’s pre-literacy skills, we also 

performed hierarchical regression analyses. We ran regressions in which FA in each tract was 

predicted on the basis of the three pre-literacy skills (PA, RAN, LK). The first multiple 

regression showed that 9.4% of the variance in the left AF could be explained by children’s 

pre-literacy skills, with PA as strongest predictor (β = 0.009, p = 0.063). In a next step, reading 

experience in parents was added to the model (model R2 = 15.2%). No significant association 

was found with FA in the left AF. Also after adding home literacy (model R2 = 18.1%), there 

was no significant association found with FA in the left AF. 
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When we performed regression analyses for the right AF, significant results were found 

only after adding home literacy. PA (β = 0.013, p = 0.017) was significantly associated with FA 

in the right AF. Also home literacy (β = 0.067, p = 0.047) predicted a significant amount of 

variance in FA in the right AF. 

In the left IFOF, 13.9% of the variance could be explained by children’s pre-literacy 

skills. PA (β = 0.009, p = 0.026) was significantly associated with FA in the left IFOF. When 

reading experience in parents was added to the model (model R2 = 13.2%), no significant 

association was found with FA in the left IFOF. In a final step, home literacy was added to the 

model (model R2 = 25.7%). Home literacy (β = 0.056, p = 0.038) predicted a significant amount 

of variance in FA in the left IFOF.  

Finally, we examined the role of children’s pre-literacy skills and parents’ reading skills 

as early predictors of the right IFOF in children. The results of model 1 should be interpreted 

with some caution, because this model is not normally distributed. 17.6% of the variance in the 

right IFOF could be explained by children’s pre-literacy skills. PA (β = 0.008, p = 0.026) was 

significantly associated with FA in the right IFOF. In a next step reading experience of parents 

was added to the model (model R2 = 20%). Results indicated that RAN (β = 0.007, p = 0.024) 

was significantly associated with FA in the right IFOF. No significant association was found 

with reading experience of parent. After adding home literacy (model  R2 = 19%), no significant 

association was found with FA in the right IFOF.  

 

The effect of the (un)affected parent on children’s pre-literacy skills and white matter 

connections  

Given the theory of the multiple deficit model of Pennington (2006), it is relevant to 

investigate the relation between the reading experience of the affected and unaffected parent 

and children’s pre-literacy skills. These analyses are only performed within the FRD+ group, 

because by definition only at-risk children have an affected parent. This is a small subsample, 

because not every FRD+ child has an affected parent. Since children’s pre-literacy skills as 

well as children’s white matter connections correlated with parental reading skills of the 

(un)affected parent (see SI Table 2), we performed hierarchical regression analyses to explore 

the unique contribution of each. In the first step, children’s pre-literacy skills were added as 

independent variables and children’s reading ability was used as dependent variable. 31.8% 

of the variance in children’s reading ability could be explained by children’s pre-literacy skills.  
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Results indicated that LK (β = 0.419, p = 0.040) predicted a significant amount of variance in 

children’s reading ability. In the second step of the regression we added reading experience 

of the affected and unaffected parent (model R2 = 28.7%). No significant association was found 

with children’s reading ability. In a third step home literacy was added to the model (model 

R2 = 29.1%), but no significant association was found. 

We also performed hierarchical regression analyses to explore the role of parents’ 

reading skills as early predictors of the properties of children’s white matter connections in the 

brain. We ran regressions in which FA in each of the significant tracts was predicted on 

children’s pre-literacy skills and parental reading skills. The first multiple regression showed 

that 27% of the variance in the left AF could be explained by children’s pre-literacy skills. PA 

(β = 0.015, p = 0.014) was significantly associated with FA in the left AF. In a next step, reading 

experience of the affected and unaffected parent was added to the model ( model R2 = 31.6%). 

No significant association was found between reading experience of the affected and 

unaffected parent with FA in the left AF. Also after adding home literacy (model R2 = 38.1%), 

there was no significant association found with FA in the left AF. 

When we perform regression analyses for the right AF, only after adding home literacy 

significant results were found. RAN (β = 0.021, p = 0.028) predicted a significant amount of 

variance in FA in the right AF. Home literacy (β = 0.103, p = 0.065) was marginally significantly 

associated with FA in the right AF.  

In the left IFOF, 27.7% of the variance could be explained by children’s pre-literacy 

skills. PA (β = 0.015, p = 0.004) was significantly associated with FA in the left IFOF. When 

reading experience in the affected and unaffected parent was added to the model (model 

R2 = 48.1%), reading experience of the affected parent (β = 0.084, p = 0.013) was significantly 

associated with FA in the left IFOF. After adding home literacy (model R2 = 49.1%), no 

significant association was found with FA in the left IFOF. 

Finally, 23.5% of the variance in the right IFOF could be explained by children’s pre-

literacy skills. The results of model 1 should be interpreted with some caution, because this 

model is not normally distributed. Results indicated that PA (β = 0.009, p = 0.038) predicted a 

significant amount of variance in FA in the right IFOF. When reading experience was added to 

the model (model R2 = 63%), PA (β = 0.009, p = 0.044) remained a significant predictor of FA 

in the right IFOF. LK (β = - 0.008, p = 0.041) was significantly associated with FA in the right 

IFOF.  
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Reading experience of the affected parent (β = 0.055, p = 0.006) was also associated with FA 

in the right IFOF as well. Reading experience of the unaffected parent (β = -0.056, p = 0.069) 

was marginally associated with FA in the right IFOF. After adding home literacy (model 

R2 = 58.9%), significant results were found as well. LK (β = - 0.009, p = 0.038) predicted a 

significant amount of variance in the right IFOF, which remained a significant predictor and 

thereby explained unique variance. PA (β =0.009, p = 0.055) was marginally associated with 

FA in the right IFOF. 

 

D i s c u s s i o n  

The purpose of this study was to investigate the relation between parental reading skills 

and cognitive and neuroanatomical measures in pre-readers. More specifically, we examined 

whether the family risk for dyslexia, or the behavioural risk or an interaction of both, is 

associated with reading and the white matter properties of the neuroanatomical pathways of 

the reading network in children. First we will discuss the findings of the cognitive part of the 

study, followed by a discussion of the neuroanatomical results.  

Regarding the cognitive data, we investigated the relation between parents’ reading 

skills, children’s pre-literacy skills and reading outcome. Our results indicated that familial risk 

correlated with children’s pre-literacy and reading skills. In addition, familial risk had a unique 

contribution to the prediction of children’s reading ability beyond the child behavioural 

measures. 

Regression analyses were performed to explore the role of parental reading skills as 

early predictors of children’s reading skills. The first model shows that LK and RAN contributed 

to the prediction of children’s reading skills. However, after adding reading experience of 

parents none of the pre-literacy skills remained a significant predictor of children’s reading 

ability. Only the reading experience of parents has a unique contribution to the prediction of 

children’s reading ability. If this finding would be consistently confirmed in future studies, this 

could have implications for clinical practice. Given that reading experience of parents predicts 

children’s reading ability, it can be appropriate to use this information in educational settings 

to predict dyslexia in young children and/or start up preventive actions. 

Next, we wanted to explore whether a similar pattern can be found between reading 

tests and reading experience of parents and their relation with children’s pre-literacy skills. 

Reading tests of parents are correlated with the three pre-literacy skills of children.  
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However, reading experience of parents is only related to RAN and LK. More specifically, we 

wanted to compare the use of reading tests and the use of a reading questionnaire. Reading 

tests are prepared in accordance with psychometric requirements and are thus also 

standardized. In addition, they include a reference group with which the scores can be 

compared. The completion of these tests is the same for all respondents because of the 

standardized procedure. Questionnaires with scaled questions can be misinterpreted by the 

respondents and the answer of the respondent does not always coincide with the proposed 

choices. The weakness of questionnaires is that respondents try to give socially desirable 

answers. In this way it is possible they forget some relevant information. Questionnaires will 

not always match the abilities of the respondent while this is so in psychometric testing (Stone 

et al., 1999). Questionnaires are more subjective than psychometric tests, which could explain 

the differences between these two research methods. Another interpretation that could explain 

the differences between reading tests and reading experience, is the fact that not every parent 

has carried out both reading tests and the reading experience questionnaire. When we run a 

correlational analysis only for parents who completed the reading tests, we determine an 

opposite pattern. More specifically, reading tests correlated with RAN and LK, while reading 

experience correlated with the three pre-literacy skills. 

No correlations were found between home literacy and children’s pre-literacy skills and 

reading ability. However, a trend with LK was found. This finding is in line with a study of Torppa 

et al. (2007) in which also no association was found between home literacy environment and 

beginning reading development. Also in a study of van Bergen et al. (2014b) no link was found 

between children’s home literacy environment and children’s reading outcome. In addition, 

different studies show that there are no differences between at-risk groups and normal reading 

children for home literacy environment (Elbro et al., 1998; Snowling et al., 2007; Van Bergen 

et al., 2011). We can assume that the link between familial risk and later reading skills is not 

driven by home literacy environment. Although we have no genetic data available, the relation 

between familial risk and later reading skills might be more genetically driven. Different event-

related potential (ERP) measures show evidence for a genetic influence. Differences in brain 

response measures were found between new-borns with and without family risk. In addition, it 

was shown that these differences persist to school-aged children (Guttorm, Leppänen, 

Richardson, & Tolvanen, 2001; Hämäläinen, Leppänen, Guttorm, & Lyytinen, 2007; 

Hämäläinen, Leppänen, Guttorm, & Lyytinen, 2008; Leppänen et al., 2002).  
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An ERP study of Leppänen et al. (2010) also found differences between new-borns who later 

became dyslexic and new-borns who later became typical readers on processing of non-

speech sounds. These ERP measures are predictive for later reading skills (Guttorm et al., 

2010; Leppänen et al., 2010). In future research it would be interesting to investigate whether 

home literacy environment of the FRD+ group is equal to the FRD- group due to stimulation of 

the unaffected parent or rather of the affected parent. 

Now we will discuss the findings of the neuroanatomical part. The second aim of our 

study was to explore the relation between parental reading skills and the white matter 

properties of the neural reading network of beginning readers. Results indicated that both 

familial risk and behavioural risk correlated with the properties of children’s white matter 

connections. However, regression analyses indicated that familial risk predicts not uniquely 

the properties of children’s white matter connections beyond cognitive measures. 

Results showed that FA in the left AF was correlated with PA. However, no correlation 

was found between FA in the left AF and RAN and LK (for more details see SI table 1 and 

Vandermosten et al., submitted). A study of Saygin et al. (2013) also observed a relation 

between PA and FA in the left AF in pre-readers. In addition, the relation between PA and the 

left AF was observed in adults (Vandermosten et al., 2012a). Based on these findings we can 

suggest that the relation between PA and the left AF is present throughout reading 

development. Each of the three pre-literacy skills of children was related to the IFOF. PA and 

LK correlated with bilateral IFOF and RAN only correlated with the right IFOF. These findings 

suggests that the right hemisphere plays an important role in early reading development. A 

bilateral pattern can be determined by children (Shaywitz et al., 2002; Turkeltaub, Gareau, 

Flowers, Zeffiro, & Eden, 2003), while adults establish a dominance of the left hemisphere 

(Fiez & Petersen, 1998; Jobard et al., 2003; Turkeltaub, Eden, Jones, & Zeffiro, 2002). We can 

assume that the role of the right hemisphere changes throughout reading development. 

Abovementioned correlations between pre-literacy skills and children’s white matter 

connections suggest both a dorsal and ventral involvement in pre-reading children. This ventral 

involvement in phonological aspects of reading has also been found in previous studies (Brem 

et al., 2010; Raschle, Zuk & Gaab, 2012a; Vandermosten et al., submitted; Yamada et al., 

2011).  

A correlation was found between reading experience of father and the left IFOF. 

However, after adding cognitive measures to the model, reading experience of father did not 

remain a significant predictor of FA in the left IFOF. No correlation was found between reading 

experience of mother and the properties of children’s white matter connections.  
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In contrast, a study of Black et al. (2012) does show a relation between parental reading skills 

and children’s brain structures, beyond cognitive measures. More specifically, they found a 

relation between maternal reading history and children’s grey matter volume. This relation is 

only found for bilateral prefrontal regions and the parietotemporal region. For white matter 

volume, only a trend with maternal reading history was observed. The more problematic the 

maternal reading history, the lower the grey matter volume of children. No relation was found 

between paternal reading history and children’s grey and white matter volume. More 

specifically, grey matter volume was more strongly influenced by maternal rather than paternal 

reading history. The study of Black et al. (2012) indicates that maternal reading history is 

associated with dorsal regions, while our study suggests that paternal reading history is 

associated with ventral regions. Further research is needed to determine whether there is an 

interaction between maternal versus paternal influences and the locations in the brain.  

Several limitations of the present study should be acknowledged. There are three main 

limitations in this study. First, no corrections for multiple comparisons were performed in the 

analyses. This results in an increased risk on type 1 errors. However, the relation we found 

between cognitive measures and reading outcome and the relation between cognitive 

measures and the left AF, are consistent with previous studies (Saygin et al., 2013; 

Vandermosten et al., 2012a; Vandermosten et al., submitted; Yeatman et al., 2012). Based on 

these findings, type 1 errors are less plausible. The second limitation is that the questionnaire 

which assessed home literacy was completed by only one of the two parents. 40 

questionnaires were completed by mothers, while 22 questionnaires were completed by 

fathers. There could be a difference depending on the fact that one of the parents spent more 

time on reading-related activities with their child(ren) than the other. In addition, there could be 

a difference in the FRD+ group when the questionnaire is completed by the affected parent 

rather than the unaffected parent. Finally, there are also some limitations to the use of DTI. 

More specifically, with DTI only one direction per voxel can be estimated (Wiegell, Larsson, & 

Wedeen, 2000). Given that not all fibers are oriented in the same direction, DTI is not enable 

to precisely estimate the orientation of crossing fibers (Alexander, Barker, & Arridge, 2002; 

Tuch et al., 2002). Based on these findings, it is appropriate to use Spherical Deconvolution 

(SD) in future research. SD is a technique that addresses the shortcomings of DTI. This 

technique is able to make an accurate estimation of multiple fiber directions in crossing fiber 

regions (Vanderauwera, Vandermosten, Dell’Acqua, Wouters, & Ghesquière, submitted).  
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C o n c l u s i o n  

The purpose of this study was to examine the relation between parental reading skills and 

cognitive and neuroanatomical measures in pre-readers. This study presents DTI data 

collected before reading onset. Hereby we can investigate the properties of the white matter 

connections before neural reorganisation in the brain has taken place due to reading instruction 

and reading experience. In addition, we consider dyslexia as a multifactorial disorder which 

can be situated in the multiple cognitive deficit model of Pennington (2006). In this way we can 

explore whether the reading skills of the affected and unaffected parent are associated with 

pre-readers’ cognitive and neuroanatomical profile. Our findings indicate that there is a direct 

link between familial risk and later reading skills of children, beyond cognitive measures. In 

addition, both familial risk and behavioural risk are related with the properties of children’s 

white matter connections, but familial risk has no predictive value on these connections beyond 

cognitive measures. We suggest that there is rather an indirect link between both familial risk 

and behavioural risk and the properties of children’s white matter connections. 
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S u p p l e m e n t a r y  i n f o r m a t i o n  

Table 1 

Pearson and Spearman (bold) correlations between familial risk, behavioural risk and children’s white matter connections 

 

 

  

B
e
h

a
v
io

u
ra

l 
ri

s
k
 

 

c
h
ild

re
n
’s

 w
h
it
e
 

m
a
tt
e
r 

c
o

n
n
e
c
ti
o
n
s
 

  

F
a
m

ili
a
l 
ri

s
k
 



ii 
 

Table 2 

Pearson and Spearman (bold) correlations between familial risk, behavioural risk and children’s white matter connections within the FRD+ group 
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