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Abstract

It is well established that emergent literacy is a strong predictor of later reading diffi-
culties, and that the home literacy environment plays an important role in the devel-
opment of children’s preschool emergent literacy and oral language. Furthermore,
reading difficulties runs in families and children with a family risk of reading dif-
ficulties tend to show delays in emergent literacy and might experience a less advan-
tageous home literacy environment. This study examined whether family risk pre-
dicts children’s second-grade reading difficulties in a multifactorial model including
both emergent literacy and environmental protective factors such as home literacy
environment and parental level of education. Children were assessed for emergent
literacy at the beginning of first grade, and were identified as having reading dif-
ficulties at the end of second grade if they performed below the national threshold
in at least three of the subtests in reading and spelling. The multifactorial model
suggested that children with family risk showed reading difficulties that could not
be explained in terms of individual differences in emergent literacy, gender, inter-
est in literacy, years in kindergarten, home literacy environment or parental educa-
tion level. These findings highlight the advantages of using multifactorial models of
reading difficulties that encompass different domains of genetic, cognitive-based and
environmental factors. In sum, not only did we find family risk is associated with
children’s literacy outcomes after 2 years of formal reading instruction, but we also
identified possible modifiable factors that may benefit from interventions and lessen
the likelihood of developing reading difficulties.
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Introduction

Literacy skills provide a crucial foundation for children’s later success in educa-
tional, professional and everyday settings. While most children learn to read and
write successfully, some experience reading and writing difficulties. The preva-
lence of reading difficulties across the domains of reading, spelling and reading
comprehension is 5-15% among school-age children across different languages
and cultures (American Psychiatric Association, 2013). Reading difficulties (RD),
or dyslexia, has many definitions and different criteria. In general RD refers to
unexpected impairments in the process of reading and spelling acquisition which
are not due to extraneous factors like sensory intelligence, acuity deficits, socio-
economic disadvantage, and similar factors (Vellutino, Fletcher, Snowling, &
Scanlon, 2004). There is accumulating evidence that RD can be prevented in
many children through early intervention (Fletcher, Lyon, Fuchs, & Barnes, 2007;
Lovett et al., 2017; Torgesen, 2002), and this means that early prediction of RD
or identification of at-risk children is of both theoretical and practical interest.

Predictors of RD have been extensively investigated in young children in order
to identify which variables may identify at-risk children prior to the onset of for-
mal instruction. Predictors have been identified from different domains includ-
ing cognitive, biological and environmental factors. Cognitive-based factors typi-
cally include individual differences in emergent literacy and oral language skills;
biological-based factors include a genetic cause or a history of RD within the
family known as family risk (FR); and environmental factors include the home
literacy environment (HLE) and parental level of education. The range of predic-
tive factors has resulted in both single and multiple deficit models of RD (Bishop
& League, 2006; Carroll, Mundy, & Cunningham, 2014; Catts, Nielsen, Bridges,
Liu, & Bontempo, 2015; McCardle, Scarborough, & Catts, 2001; Puolakanaho
et al., 2007), in which factors from one or more of these domains have been
controlled.

Emergent literacy

The term emergent literacy is used to describe a broad range of pre-literacy skills,
knowledge, and attitudes that children acquire prior to formal schooling, and
which provides a foundation for later literacy development (Whitehurst & Loni-
gan, 2001). Emergent literacy such as letter knowledge, phonemic awareness,
vocabulary and other cognitive processing skills [e.g., rapid automatized nam-
ing (RAN) and short term memory] have been found to be predictive of chil-
dren’s later RD (Elbro, Borstrgm, & Petersen, 1998; Lonigan, Schatschneider, &
Westberg, 2008). This prediction model forms the basis of the widely-accepted
cognitive deficit models that have mainly focused on early symptoms in order to
identify and remediate reading problems as early as possible (Pennington, 2006).
The dominant cognitive deficit model of RD is the phonological deficit theory/
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model, which postulates a core deficit in phonological processing as being caus-
ally related to RD (Hulme & Snowling, 2013; Pennington, 2006). Double deficit
models that consist of deficits in both RAN and phonological processing skills
have guided other studies (Cardoso-Martins & Pennington, 2004; Catts et al.,
2015; Pennington, Cardoso-Martins, Green, & Lefly, 2001; Torppa et al., 2013).
Moreover, cognitive multiple deficit or multivariate models have been hypoth-
esized comprising of phonological skills and RAN in addition to short term mem-
ory (Bishop & League, 2006; McGrath et al., 2011) or oral language skills (Catts,
Mcllraith, Bridges, & Nielsen, 2017; McCardle et al., 2001; McGrath et al., 2011;
Pennington et al., 2012).

Family risk and multiple cognitive prediction model

In line with the multiple cognitive deficit models, research on family risk (FR) of
RD has shown that having a history of RD within the family, can put the child at
high risk for RD. A meta-analysis of previous studies of FR indicates that approxi-
mately 29-66% of children with FR (FR children) will develop RD (Snowling &
Melby-Lervag, 2016). This meta-analysis also indicates that FR children universally
develop emergent literacy more slowly than children without FR (Not-FR children),
which in turn puts them at greater risk for RD. In addition, a large body of FR stud-
ies have reported that despite the fact that FR children have poorer emergent lit-
eracy, the pattern of prediction for later literacy outcomes are similar in FR and Not-
FR children (Aro et al., 2009; Cardoso-Martins & Pennington, 2004; Hulme, Nash,
Gooch, Lervag, & Snowling, 2015; Pennington & Lefly, 2001; Torppa, Eklund, van
Bergen, & Lyytinen, 2011; Torppa, Lyytinen, Erskine, Eklund, & Lyytinen, 2010;
Torppa, Poikkeus, Laakso, Eklund, & Lyytinen, 2006; Torppa et al., 2007). How-
ever, data are limited on whether FR is a unique predictor of RD over and above
emergent literacy and environmental factors such as parents’ educational level and
the HLE.

Elbro et al. (1998) found that letter naming, preschool phoneme identification,
and phonological representations were statistically significant predictors of RD at
the beginning of Grade 2, while FR was not. In contrast, Puolakanaho et al. (2007),
in a multiple cognitive model, found that FR, preschool letter knowledge, phonemic
awareness and RAN were significant predictors of RD at the beginning of Grade
2. In another study, Carroll et al. (2014) investigated the roles of FR, emergent lit-
eracy and oral language in predicting children’s literacy outcomes. Their findings
support those of Puolakanaho et al. (2007), suggesting that FR is a unique predic-
tor of children’s literacy even after controlling for speech production, language and
phonological processing. Carroll et al. (2014) argued that FR children show addi-
tional difficulties in literacy that cannot be fully explained in terms of their language
and phonological skills. Furthermore, family risk was found to make an additional
contribution in the prediction of Grade 6 reading comprehension after taking into
account children’s general IQ, verbal 1Q, emergent literacy in kindergarten, and
reading fluency and accuracy in Grade 2 and 3 (van Viersen et al., 2018). However,
none of these studies (Carroll et al., 2014; Puolakanaho et al., 2007; van Viersen
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et al., 2018) included environmental factors such as parental education level or the
HLE in their analyses which might have accounted for some of unexplained vari-
ance in literacy skills.

Environmental protective factors, family risk, and children’s
emergent literacy

It is clear that environmental factors such as the HLE, which refers to the quality and
quantity of reading-related activities that parents provide for their children at home,
play an important role in the development of children’s emergent literacy and oral
language skills (Burgess, Hecht, & Lonigan, 2002; Dilnot, Hamilton, Maughan, &
Snowling, 2017; Hamilton, Hayiou-Thomas, Hulme, & Snowling, 2016; Sénéchal
& LeFevre, 2002; Torppa et al., 2007; van Bergen, van Zuijen, Bishop, & de Jong,
2017). The HLE is likely to have long-term and consistent influences on children’s
later literacy skills either directly or indirectly through emergent literacy skills (Fri-
jters, Barron, & Brunello, 2000; Sénéchal, 2006). Frijters et al. (2000) discussed
that while the HLE was directly related to vocabulary, the relationship between the
HLE and later literacy skills was mediated by phonological awareness. Similarly,
Sénéchal (2006) reported that HLE directly predicted kindergarten vocabulary but
indirectly predicted Grade 4 reading comprehension.

The association between FR and the HLE is less clear and data are limited
(Snowling & Melby-Lervag, 2016). Some studies report no differences in HLE
between FR families and Not-FR families (Elbro et al., 1998; Torppa et al., 2007),
whereas others studies report a relatively disadvantageous HLE for FR children
compared with Not-FR children (Dilnot et al., 2017; Esmaeeli, Lundetre, & Kyle,
2018; Hamilton et al., 2016). Dilnot et al. (2017) found that FR children experienced
more environmental adversities than Not-FR children. The environmental factors in
their study, consisting of both the HLE and parental education and occupations, pre-
dicted children’s reading readiness (early word reading, letter knowledge, and pho-
neme deletion) at school entry. Hamilton et al. (2016) also reported group differ-
ences in storybook exposure between FR and Not-FR children. Moreover, Esmaeeli
et al. (2018) used parents’ self-report of RD to identify FR and Not-FR children, and
found a disadvantageous HLE in FR children. In their study, the differences in HLE
were even larger when both parents reported RD.

A possible explanation for these inconsistent findings regarding associations
between FR and the HLE is parental level of education and/or socioeconomic
background (Esmaeeli et al., 2018; Hamilton et al., 2016). In the studies in which
the HLE did not differ between FR and Not-FR groups, there were no differences
between FR and Not-FR groups in parental education (Torppa et al., 2007) or mater-
nal education (Elbro et al., 1998).

Pennington (2006) argued that RD is a complex developmental disorder that
involves the interaction of multiple risk and protective factors, which can be
either genetic or environmental. Accordingly, these risk and protective factors
influence the development of children’s emergent literacy skills which are pre-
requisites for the development of later literacy skills. FR, as a proxy for genetic
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and environmental factors, may operate as a risk factor that increases the likeli-
hood of RD because it can negatively influence both emergent literacy and later
literacy skills (Pennington, 2006; van Bergen, van der Leij, & de Jong, 2014).
Environmental factors, however, can operate as either/or both risk and protective
factors. Such multifactorial models can be used to explore the effect of protective
environmental factors such as parental educational level and the HLE and risk
factors such as FR on children’s literacy skills. To the our best of knowledge, no
previous FR study has investigated whether FR predicts children’s later RD in a
multifactorial model which accounts for environmental protective factors such as
the HLE, parental level of education in addition to emergent literacy.

Children’s interest in literacy

Children’s interest in literacy refers to children acting on their own initiative
when it comes to literacy-related activities. In other words, how often children
choose themselves to engage in literacy-related activities and how much they
enjoy these types of activities (Frijters et al., 2000; Hume, Lonigan, & McQueen,
2015). Children’s interest in literacy has been emphasized as an important factor
relating both to emergent literacy and to later literacy skills (Frijters et al., 2000;
Hume et al., 2015; Torppa et al., 2007). In addition, children with limited liter-
acy interest may be less willing to be engaged in literacy-related activities (Hume
et al., 2015). Given the relationships between children’s interest in literacy, their
exposure to literacy-related activities (the HLE), their emergent literacy and later
literacy skills, this study controlled for children’s interest in literacy.

Present study

The present study uses a multifactorial model of RD to address the following
research questions:

1. Does FR status (as a proxy for genetic and environmental factors) identify between
group differences in literacy skills at the end of Grade 2? In line with previous
FR research we expect that FR children will be more likely to be categorized as
having RD at the end of second grade compared with children without FR.

2. Is FR of RD a unique predictor of children’s second-grade RD in a multifacto-
rial model that includes emergent literacy and environmental factors at the onset
of formal reading instruction? We expect that FR as a proxy for genetic and
environmental factors will predict children’s RD over and above cognitive-based
predictors such as emergent literacy, and other environmental factors such as the
HLE and parents’ educational level, while controlling for years in kindergarten,
gender and children’s interest in literacy.
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Method
Participants and procedure

For this study, we drew data from an ongoing longitudinal project “On Track”
(Lundetre, Solheim, Schwippert, & Uppstad, 2017) that has focused on early
identification and intervention for RD. Altogether, 1171 6-year-old children
joined the project at the beginning of Grade 1, which marks the onset of formal
reading in Norway. The parents of 97.7% of the students gave their consent for
participation. In the present study, we only included children from the schools
that were randomly assigned to the control condition (n=260). Second-language-
speakers (n=42), children with hearing problems (n=2), and children whose
parents did not provide information about RD within the family (n=6), or both
parents answered self-report of RD as ‘I don’t know’’ (n=2) were excluded from
the sample. In total, the sample for the present study was 208 children, including
89 boys and 119 girls.

In this study, participating schools offered a welcome meeting for parents
before children started first grade. Our research team presented information about
the project and about reading difficulties at these meetings and invited parents to
take part in the study. Parents received a project pack containing a brochure giv-
ing them more information about the project, a parental consent form, and a ques-
tionnaire about demographics, the HLE, family risk of RD, the student’s language
background, and their health. We obtained FR status through this questionnaire,
which parents completed at home and sent back to school.

Defining family risk (FR)

Parents or adult’s self-report of RD is a valid, reliable and time-saving tool to
screen RD among parents and adults (Leavett, Nash, & Snowling, 2014; Lefly
& Pennington, 2000; Snowling, Dawes, Nash, & Hulme, 2012), which has con-
sequently and increasingly been used as a proxy for FR status (Carroll & Snowl-
ing, 2004; Esmaeeli et al., 2018). Snowling et al. (2012) argued that self-report is
valid, first, because of its strong relationship with directly assessed literacy skills
of respondents (parents) and second, due to the association between the parents’
self-reporting of RD and emergent literacy difficulties of their children. The
present study uses parents’ self-report of RD as an indicator of FR and a proxy
for FR status. The information was retrieved from the parents’ questionnaire, in
which we asked (biological) parents to report about their own reading and writing
difficulties, with separate response options for mother and father (‘yes’, ‘no’, or
‘don’t know’). For this study, a positive response to the questions from either the
mother or father was sufficient to identify as FR. The term ‘Reading and writing
difficulties’ relates to specific problems with word reading and spelling, and is a
familiar term for Norwegian parents as it is frequently used in schools and media.
Moreover, this term was discussed at the welcome meeting with parents.
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We used parents’ self-report of RD to allocate their children into FR and Not-
FR groups. The Not-FR group consisted of 161 children from families in which
neither parent self-reported RD. Forty-nine children had at least one parent who
self-reported RD and formed the FR group. Only three FR children had both
parents self-reporting RD. In total, eight families answered ‘don’t know’ to the
report of RD for at least one parent. Six of these families were categorized based
on the response provided by the other parent because we assumed that this infor-
mation might not be available for some reason (e.g., single parent family). How-
ever, two of these families were excluded because both parents answered ‘don’t
know’. Table 1 presents the background demographics of the sample.

Measures at the beginning of Grade 1

The early predictors of RD were derived from individual assessments administered
at the beginning of first-grade (mean age=6.21, SD=0.28). Trained testers indi-
vidually assessed all students in a quiet place in their local school. The test battery
was administered on a digital tablet.

Emergent literacy skills

Letter knowledge consisted of a 15-item multiple-choice test. Children were asked to
listen to a pre-recorded letter sound on the tablet, and respond by pressing on one of
four touch-screen letters. Cronbach’s a=.85.

Phoneme isolation The tablet screen showed a picture, and the examiner pointed
to the picture, named it, and asked the child to produce the first sound of that word.
The oral response of the child was scored and recorded on the tablet by the exam-
iner. This task contained eight items and presentation was automatically discontin-
ued if a child made two subsequent errors. Cronbach’s a=.92.

Blending task Children were required to blend a set of separately pronounced
phonemes into the corresponding whole word. The test had eight items of increas-
ing difficulty and presentation was automatically discontinued after two subsequent
errors. In each item, four pictures appeared on the screen, and the task was pre-
recorded: “Here you see a picture of /ri/-/rips/-/ris/ and /ring/ (ride, red current, rice,
ring, in English). Listen carefully and touch the picture that goes with:/t/-/i/-/s/(pre-
sented phoneme-by-phoneme, one per second)”. Cronbach’s a=.86.

For the logistic regression model, a factor score for phonemic awareness was
made using Confirmatory Factor Analysis in SPSS (Cronbach’s a=.86).

Rapid automatized naming (RAN) included naming familiar objects presented
repeatedly in a random order. The examiner practiced the task with the child and
made sure that the child knew the name of each object and understood the procedure
of the task. The pictured objects were sun, car, plane, house, fish, and ball, which
are all monosyllabic words in Norwegian. There were four rows of five stimuli in
each matrix, and two trials. The child was asked to name each item as quickly and
accurately as possible from left to right, and top to bottom. Time to complete the
task (in seconds) and naming errors were recorded.
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Short-term memory (STM) was measured with Digit Span Forward from the
Wechsler Intelligence Scales for Children-IIT (Wechsler, 1991). The examiner read
aloud one digit per second and the child’s responses were scored on the tablet.

Vocabulary was tested with an abridged version (20 out of 40 words) of the Nor-
wegian Vocabulary Test (NVT) (Stgrksen, Ellingsen, Tvedt, & Idsge, 2013). A pic-
ture appeared on the screen and the child was asked to name it. Cronbach’s « for 20
items in the present sample was .83, which is virtually identical to the 40 items in
the standardized sample (Cronbach’s a=.84).

Parents’ questionnaire

Parents answered a questionnaire regarding with their educational level, the HLE
and the child’s interest in reading.

(a) Parents’ educational level was considered at three levels.

High level At least one parent reported having a university/college degree
Medium level Neither parent had a university/college degree. At least one
reported a high school diploma or equivalent

Low level Both parents reported that they only finished the compulsory pri-
mary and secondary school

(b) Child’s interest in literacy was assessed through two items including (a) My child
often asks to be read to, and (b) My child is interested in letters [1 (completely
disagree) to 4 (completely agree)]. (Cronbach’s a=.41).

(c) Home Literacy Environment (HLE).

The measure of HLE was constructed in line with previous research (Dilnot et al.,
2017; Esmaeeli et al., 2018; Hamilton et al., 2016; Niklas & Schneider, 2013;
Skwarchuk, Sowinski, & LeFevre, 2014; Torppa et al., 2007). We used a Confirm-
atory Factor Analysis in Mplus (Muthén & Muthén, 2017) to test a second-order
three-factor model that describes the HLE as a (general) factor in which three sub-
factors are included as the following:

1. Access to print was assessed with the following items: (a) How many children’s
books do you have at home? (1-5 (None to More than 40 books)). (b) How often
do you visit a library with the child? (1-5 (Never to Several times a week)).

2. Literacy-related activities included the four following questions: (a) How often
do you read to the child? (b) How often does the child watch TV? (c) How often
does the child play TV/computer/tablet/mobile games? [1-5 (Never to Several
times a week)]. (d) How old was the child when you first started reading to her or
him? [1-5 (Never read to the child to before the age of 2)].

3. Parents’ reading interest and habits were assessed by questions regarding how
often they read (a) books, and (b) magazines for themselves [1-5 (Never to Sev-
eral times a week)]. (c) Parents’ own reading interest were assessed by the item
‘T only read if I have to’ [1-4 (Completely disagree to completely agree)].
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The results of the Confirmatory Factor Analysis showed this second-order three-factor
model had an adequate fit to the data: X2 (17)=22.15, p=.18; root mean square error
of approximation (RMSEA)=.04, comparative fit index (CFI)=.95, and Tucker-Lewis
index (TLI)=.92. The indicators were significantly related to the construct of HLE
including access to print (factor loading=.43), literacy-related activities (factor load-
ing=.48) and parents’ reading interest and habits (factor loading=.52). A factor score
with this HLE model was obtained and saved in Mplus for further analysis.

Identifying RD at the end of Grade 2

Towards the end of second-grade, a group of trained testers administered a large battery
of tests. This study used four of these measures as a screening test to identify students
with RD, defined as performing below the 20th percentile in at least three out of the
four word reading and spelling outcomes.

Word reading 1 consisted of 14 items, and the time limit was 2 min. For each item,
a picture was represented along with four orthographically similar words, one of which
corresponded to the picture. The child was asked to read all the words as fast as pos-
sible and to tick the word that matched the picture. For example, a picture of a wasp
(‘veps’ in Norwegian) followed by ‘vest’, ‘visp’, ‘veps’, and ‘vips’. After 2 min, the test
was suspended and the number of correct answers was obtained. The maximum score
was 14. Cronbach’s a=.74.

Word reading 2 (word chains test) included 78 sets of four words joined together.
Students were required to insert a vertical line after each word that they iden-
tified, in order to separate each word from the next. One point was given if all four
words were correctly identified by placing three lines correctly in a set of four words
“herelmustlweeklsaid” (“herimalukelsa” in Norwegian). Students were provided with
three practice sets of word chains. For the task proper, students worked independently
with a time limit of 5 min. The score was the number of correct sets where all four
words were identified. The maximum score was 78 (Cronbach’s a=.84).

Spelling 1 involved of 14 words with a variety of phonemes and phoneme sequences.
The target word was first introduced in a short sentence to the child; then the target
word was repeated for the child to write it down (e.g. “Father has a blue hat. Write/
hat/”’). The number of correctly spelled words was measured, and the maximum score
was 14. Cronbach’s a=0.84.

Spelling 2 consisted of 14 words with a variety of phonemes and phoneme
sequences. The target word was introduced in a short sentence and then the target word
was repeated for the child to write it down. The instructions were the same as spelling
1. The maximum score was 14, Cronbach’s a=.74.

Statistical analyses
Data were examined for missing data, outliers, skewness, and kurtosis. Values for

both skewness and kurtosis in all variables were between=+2, and there were no
missing values. For the two first sets of analyses, presented in Tables 1 and 2, we
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used raw data except for the HLE and children’s interest in literacy, for which factor
scores were used. For the main set of logistic regression analyses, we also used fac-
tor scores for phoneme awareness based on the items from phoneme isolation and
blending (see the method section).

A multifactorial model of RD

In Mplus, we used logistic regression analyses with maximum likelihood estimation.
This enabled us to estimate simultaneously the associations among all variables in
each model to predict children’s RD (Muthén & Muthén, 2017). Bootstrapping was
used to examine indirect associations. We tested a multifactorial model of RD, built
in two steps, based on the existing literature and previous research. These two steps
are shown in Figs. 1 and 2 and discussed below. Gender, years in kindergarten and
children’s interest in literacy were also included in this model as background control
variables to predict children’s RD.

First, it was expected that parents’ educational level would be associated with the
HLE at the onset of reading instruction, and their RD status at the end of Grade 2. In
addition, the HLE would predict children’s RD indirectly via emergent literacy skills
(Frijters et al., 2000; Sénéchal, 2006; van Bergen et al., 2017). This model is our first
step in logistic regression analysis in Mplus and has been depicted in Fig. 1.

Based on earlier research, it was also hypothesized that FR would be associated
with children’s emergent literacy (Snowling & Melby-Lervag, 2016), parents’ edu-
cational level and the HLE (Esmaeeli et al., 2018; Hamilton et al., 2016). In the sec-
ond step, FR was added to the first model as both a direct predictor, and an indirect
predictor of children’s RD via the HLE and emergent literacy (Fig. 2).

Results
Descriptive statistics and group differences

Children falling below the cut-off points (set at the bottom 20% of the sample) in at
least three out of the four measures of word reading (2 tests) and spelling (2 tests)
at the end of Grade 2 were classified as having RD. In total, twenty-five children
(12%) were identified with RD at the end of Grade 2: 12 children in the Not-FR
group and 13 children in the FR group. Children who did not meet this criterion
were categorized as typical readers (TR): 147 children in the Not-FR group and 36
children in FR group. As expected, a significantly higher proportion of FR children
(26.5%) were identified as having RD than Not-FR children (7.5%) at the end of sec-
ond grade: [X? (1)=12.76, p <.001].

Table 1 presents the children’s characteristics by group, and reports group dif-
ferences between measures in the study. A series of two-way ANOVAs followed by
Bonferroni tests (to adjust for multiple comparisons and reduce type I error) were
run to investigate group differences (Tabachnick & Fidell, 2007). There were no
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Parents' Children's
education : 5 RD

Emergent

HLE literacy skills

e —

At the onset of formal reading instruction At the end of Grade 2

As proxy for genetic and environmental associations As proxy for cognitive association

Fig. 1 A multifactorial prediction model of RD that includes the association between emergent literacy
and the HLE. RD reading difficulties, HLE home literacy environment

group differences in years in kindergarten and average age in any subgroups of the
present study.

Parents’ educational level and the HLE at the onset of formal reading instruction

In the group of Not-FR children, for whom neither parent self-reported RD, parents’
educational level (d=.82) and the HLE (d=.31) differed between TR children and
RD children. However, in the group of FR children, parents’ educational level and
the HLE did not significantly differ between TR children and RD children.

In the group of typical readers, parents of Not-FR children reported higher edu-
cational levels (d=.57), and scored better in the HLE (d=.55) than parents of FR
children. Whereas, in the group of RD children, no statistical differences were found
either in parents’ educational level or the HLE between Not-FR and FR children.

Emergent literacy at the onset of formal reading instruction

In the group of Not-FR children, TR children performed significantly better than
RD children in letter knowledge (d=.97), phoneme isolation (d=.68), blending
(d=.85), RAN (d=.78) and in their interest in literacy (d=.21). However, there
were no differences in their vocabulary or digit span outcomes. Among the FR
group, TR children performed significantly better than RD children only in letter
knowledge (d=.78) and phoneme isolation (d=.66) at the onset of formal reading
instruction.
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FR
Y
Parents' : Children's
education : : RD

Emergent

HLE _wmergen
literacy skills
L |
At the onset of formal reading instruction At the end of Grade 2
As proxy for genetic and environmental associations As proxy for cognitive association

Fig.2 A multifactorial prediction model of RD that includes the association between family risk, emer-
gent literacy and the HLE. FR family risk, RD reading difficulties, HLE home literacy environment

In the group of typical readers, Not-FR children scored higher than FR children
only on the blending task (d=.39). This suggests that FR children, who were not
identified as RD at the end of second-grade, showed some difficulties in emergent
literacy at the onset of formal reading instruction.

In the group with RD, Not-FR children performed statistically at the same level
as FR children in all emergent literacy, except for digit span (d=.46).

Literacy outcomes at the end of second-grade

In the group of Not-FR children, TR children scored significantly higher than RD
children on all measures of literacy at the end of second-grade. The same pattern
has been shown in the group of FR children, where TR children performed signifi-
cantly better than RD children. These results were expected and the effect sizes were
large, because these measures of word reading and spelling were used to identify
RD children.

In the group of typical readers, Not-FR children performed significantly better
than FR children on both measures of word reading 1 (d=.64) and word reading 2
(d=.34), but not on either measure of spelling. These results suggest that FR chil-
dren, who were not identified as RD at the end of second-grade, had nevertheless
some reading problems.
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In the group of RD children, however, no statistical differences were found
between those with a FR and those without.

Correlation results

Table 2 shows the point-biserial correlations of RD and FR status with the other
measures in the study. Taking the sample as a whole, RD status was significantly,
negatively correlated with all measures of emergent literacy at the onset of formal
reading instruction, except for RAN, in which higher scores were positively associ-
ated with RD. RD was also negatively correlated with parents’ educational level, the
HLE and children’s interest in literacy.

FR, as expected, was positively and significantly associated with RD. Signifi-
cant negative correlations were found also between FR, letter knowledge, phoneme
awareness, digit span, word reading 1, word reading 2 and spelling 2. FR was not
significantly related with either the HLE or children’s interest in literacy.

Logistic regression analysis

The second and main aim of this study was to extend previous FR research by inves-
tigating whether FR remained a significant predictor of children’s RD in a multi-
factorial model of RD that includes cognitive-based factors (emergent literacy) and
environmental factors such as parents’ educational level and the HLE.

To test our multifactorial prediction model, a two-step logistic regression analysis
was constructed in Mplus using maximum likelihood estimator (ML).

Step 1 tested the association between parents’ educational level, the HLE, and
children’s emergent literacy at onset of formal reading instruction, and children’s
RD at the end of Grade 2. Gender, years in kindergarten and children’s interest in
literacy were also included in this model as background control variables (Fig. 1).

As seen in Table 3, preschool letter knowledge (—.45), phoneme awareness
(—.57) and vocabulary (—.24) were the only significant predictors of children’s
second-grade RD while accounting for, gender, years in kindergarten and children’s
interest in literacy. In this model, the HLE (—.28, p <.06) was also marginally asso-
ciated with children’s second-grade RD.

Turning to indirect associations, two pathways of [Parents’ educa-
tion— HLE — Letter knowledge —RD: (—.13), 95% CI=[-.18, —.01], p<.05],
and [Parents’ education— HLE—Phoneme awareness—RD: (—.18), 95%
CI=[-.26, —.01], p<.01] remained significant after bootstrapping. The pathway
of [Parents’ education — HLE — vocabulary — RD: (-.14), 95% CI=[-.18, —.01],
p <.06)] remained also marginally significant after bootstrapping.

In other words, the higher the initial levels of letter knowledge, phoneme aware-
ness and vocabulary at the onset of formal reading instruction, the less likely the
child would develop RD at the end of Grade 2. The amount of total explained vari-
ance (R?) in children’s RD was 43.6% at Step 1.
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Step 2 tests whether FR predicts children’s RD above and beyond emergent lit-
eracy, HLE, parents’ education, gender, year in kindergarten and children’s inter-
est in literacy at the onset of formal reading instruction.

As depicted in Fig. 2, FR was entered at step 2 both as a direct predictor and
as an indirect predictor via parents’ education, the HLE and emergent literacy.
As expected, family risk was directly associated with children’s second-grade RD
over and above parents’ education, the HLE and emergent literacy skills while
controlling for gender, years in kindergarten and children’s interest in literacy
(Table 3). The amount of total explained variance (R?) in children’s RD increased
by 3.2% after adding FR as a direct and indirect predictors to the model. FR sta-
tus provided a positive significant value [FR —RD: (.36), 95% CI=[.15, .71],
p<.001]. In addition, the odds ratio was 3.09, suggesting that children with a
positive FR status were three times as likely to develop RD, compared with chil-
dren without FR in this multifactorial model of RD.

Interestingly, the significant association between preschool vocabulary scores
and second-grade RD did not reach significance after adding FR status to the
model in Step 2: (—.27), 95% CI=[-.37, .28], p <.06.

Turning to indirect associations, two pathways of [Parents’ educa-
tion » HLE — Letter knowledge — RD: (—.13), 95% CI=[-.18, —.03], p<.05]
and [Parents’ education— HLE — Phoneme awareness—RD: (—.16), 95%
CI=[-.24, —.01], p<.05] remained significant after bootstrapping, in Step 2.
However, none of the indirect paths from FR status was found to be significant in
this multifactorial model.

Discussion

The main aim of the current study was to predict children’s later RD in a multi-
factorial model that included predictors across three different domains: FR, chil-
dren’s individual differences in emergent literacy at the onset of formal reading
instruction, and environmental protective factors such as parents’ educational
level and the HLE.

Previous FR studies had shown that FR is a unique predictor of children’s RD
over and above emergent literacy (Puolakanaho et al., 2007), emergent literacy and
oral language skills (Carroll et al., 2014), and children’s general IQ, verbal IQ and
emergent literacy in kindergarten, reading fluency and accuracy in Grade 2 and 3
(van Viersen et al., 2018). The novel findings from the current multifactorial predic-
tion model extend the existing literature, indicating that FR predicts children’s RD
at the end of second-grade over and above cognitive factors (emergent literacy) and
environmental factors (parents’ education and HLE) while accounting for gender,
children’s interest in literacy and year in kindergarten. Our findings are in line with
the multifactorial model of RD (Pennington, 2006; van Bergen et al., 2014), sug-
gesting that RD is a set of complex difficulties that includes interaction of multi-
ple risk and protective factors across three domains of cognitive-based, genetics and
environmental factors. These findings will be discussed in more detail below.
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Family risk and multifactorial model of RD

In our multifactorial model of RD, family risk showed a direct, positive and signifi-
cant association (.36) with RD over and above cognitive-based and environmental
factors. This multifactorial model of RD suggests that FR is indeed a valuable proxy
for genetic and environmental factors because even after accounting for environ-
mental factors (parents’ educational level and the HLE) and cognitive-based factors
(emergent literacy), the direct and positive association between FR and children’s
RD remained significant.

A growing body of research (non-family risk studies), have used cognitive mul-
tivariate/multifactorial models to predict children’s RD (Bishop & League, 2006;
Catts et al., 2017; McCardle et al., 2001; McGrath et al., 2011; Pennington et al.,
2012). However, these studies did not include FR or environmental factors such as
parents’ education and the HLE. For example, Catts et al. (2017), in a multifactorial
model including phonemic awareness, RAN and oral language, found that children
with and without RD did not differ significantly in oral language, RAN or in the co-
occurrence of deficits in these areas with phonological deficits.

This is the first study that empirically highlights the advantage of applying a mul-
tifactorial model of RD, in which the HLE could be explored as a potential protec-
tive environmental factor besides risk factors such as FR and emergent literacy dif-
ficulties. However, the HLE could be considered as a proxy for both environmental
and genetic associations, since the HLE is correlated with parents’ educational level.
In our final prediction model, the associations between parents’ educational level,
the HLE, children’s outcomes in some emergent literacy tasks and children’s later
RD were significant. This suggests reading difficulties are multidimensional and are
best described in a multifactorial model. Snowling and Melby-Lervag (2016) con-
cluded that data on the HLE of FR children are scarce and suggested that an interac-
tion of genetic and environmental risk and protective factors would determine where
the skills of an individual would fall on the continuum of reading difficulties. The
current study is a first step to address the interaction between risk and potential pro-
tective factors in the prediction of children’s RD.

It is important to highlight that FR status in the current study is indexed by par-
ents’ self-report of RD only, which was based on two questions with self-reporting
of RD from at least one parent. This simple but valuable self-report tool highlights
the strength and importance of FR risk status, since parents’ self-report of RD was
associated with children’s later literacy outcomes after 2 years of schooling, concur-
ring with previous FR studies that either tested parents’ literacy skills or used more
comprehensive parents’ self-reporting scales to identify FR children.

Parents’ self-report of RD, parents’ educational level and the HLE at onset
of formal reading instruction

Interestingly, our data show that when parents report significantly higher lev-

els of education, they also obtain significantly higher scores on the measure of
HLE. Among the typical readers, parents of children without FR reported higher
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educational levels and achieved higher HLE scores than parents of children with FR.
The same trend was also reported in the Not-FR group, where TR children’s par-
ents reported higher education levels and HLE than RD children’s parents (Table 1).
However, no significant differences in the HLE or parents’ education were found
either within the RD group (Not-FR vs. FR), or within the FR group (7R vs. RD).
The current results suggest the important role of parental education in the associa-
tion between FR status and the HLE. In other words, the FR status as a single factor
is not sufficient by itself to examine differences in the HLE between the Not-FR
group and the FR group and we should include parental educational level in this
context (Esmaeeli et al., 2018; Hamilton et al., 2016).

Parents’ self-report of RD and emergent literacy at onset of formal reading
instruction and literacy outcomes after 2 years of reading instruction

Unsurprisingly, we found that FR children who went on to be categorised as having
RD at the end of Grade 2 (FR-RD) had significantly poorer letter knowledge and
phoneme isolation skills at school start than children who did not fulfil RD criteria
(FR-TR). However, it is important to note that FR children who did not fulfil criteria
for RD (FR-TR) at the end of Grade 2, had performed as poorly at the onset of for-
mal reading instruction as FR-RD children in some measures of emergent literacy
including blending, vocabulary, RAN and digit span. In addition, these FR-TR chil-
dren performed significantly poorer than Not-FR-TR in both measures of word read-
ing at the end of Grade 2. These findings, in line with previous FR studies, suggest
that family risk is a continuous risk (Snowling, Gallagher, & Frith, 2003; Snowl-
ing, Muter, & Carroll, 2007), and may manifest differently over time. Our data sug-
gest that FR children might show differential problems in different emergent literacy
skills and in later literacy difficulties. This might explain why only some FR children
may reach a threshold of impairment that is defined as RD (Snowling et al., 2003).

Limitations and future research

This study had several limitations that may direct future research. First, the parents’
self-report that we used in this study as a proxy for FR was based on only two ques-
tions asking whether the mother or the father had experienced RD. Ideally, we would
have used a parents’ self-report measure based on a more comprehensive question-
naire (Leavett, Nash, & Snowling, 2014; Lefly & Pennington, 2000; Snowling et al.,
2012), However, this simple but valuable self-report showed similar results in line
with these previous FR studies. This suggests FR is such a strong risk factor that
its effect on children’s emergent literacy difficulties and later RD can be detected
even by a simple parents’ self-report. Parents’ self-report of RD is indeed a valuable
tool for screening FR children but it cannot, and should not, replace the use of more
comprehensive identification tools for formal diagnosis of RD.

Second, the present study relied on parents’ questionnaires to measure HLE,
similar to the majority of previous research. Parents’ questionnaires are an indirect
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measure which may be open to social desirability bias; although in the current study,
the HLE correlated with children’s outcomes on the concurrent measures of emer-
gent literacy suggesting convergent validity. Given the potential disadvantage of
questionnaires for parents with RD, we also tried to make our HLE questions as
simple as possible with only multiple-choice answers.

Third, our multifactorial prediction model suggests the associations between FR,
parents’ education, HLE, and emergent literacy at school start, and children’s RD at
the end of second-grade is a complicated model. However, this study is a correla-
tional study and therefore the causal mechanisms underlying children’s RD should
be interpreted with caution. Moreover, it remains to be determined in future research
which kind of parent—child literacy-related activities might be more or less effective
to help emergent literacy and later literacy development of FR children.

Finally, the current findings suggest a complex interaction between FR, HLE,
children’s emergent literacy at onset of formal reading instruction, and their later
literacy outcomes. However, this study has not investigated the development of
emergent literacy at different time points during the preschool years. Longer-term
longitudinal studies are needed to clarify development of emergent literacy or later
literacy skills in such a multifactorial model of RD.

Implications and conclusion

The current findings have practical implications for parents, teachers working with
preschoolers and primary school students, and practitioners in the field of literacy
difficulties. First, parents’ self-report of RD can be a simple but valuable tool to
screen at-risk children, although it is not sufficient to identify children with RD. Sec-
ond, and most importantly, teachers and practitioners should be aware that the risk
of developing later RD is almost three times higher for FR children with emergent
literacy difficulties compared with Not-FR children with emergent literacy difficul-
ties. Therefore, practitioners working with preschoolers and kindergarten children
should monitor progress carefully when there is a self-report of RD for parents in
addition to emergent literacy difficulties. Third, we cannot rule out the important
role of preschool HLE although it was not a direct predictor of children’s RD at the
end of second grade.

In addition to practical implications, the current findings also have theoretical
research-based implications. As suggested earlier in our multifactorial model, the
preschool HLE may act as a potential environmental protective factor against pos-
sible risk factors such as FR and emergent literacy difficulties for the development
of children’s emergent literacy and later literacy skills. Hence, families, especially
parents with RD or a history of RD, should be advised about the crucial role of
emergent literacy and what they might be able to do to enhance or improve their
children’s emergent literacy in order to facilitate literacy development. Most par-
ents, with and without RD, are able to provide support for the learning of letters and
sounds prior to school via shared-reading activities in the home.

The majority of previous FR research included a direct measure of parents’ lit-
eracy skills in addition to parents’ self-report of RD, partly because the validity and
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reliability of self-report of RD had not yet been documented. In addition, many of
these studies had relatively small sample sizes, allowing for parents’ literacy skills
to be directly assessed. Nevertheless, the handful of studies that have used parents’
self-report as a single measure to identify emergent literacy difficulties in FR chil-
dren (Carroll & Snowling, 2004; Esmaeeli et al., 2018) observed emergent literacy
difficulties in FR children compatible with those from FR studies that used literacy
tests in addition to parents’ self-report of RD. Although the current study is a cor-
relational study and therefore it cannot discuss the causal mechanisms underlying
children’s RD; our findings extend previous research by demonstrating substantial
associations between parental self-report of RD and their children’s emergent lit-
eracy before formal reading instruction and also with their literacy outcomes after
2 years of formal reading instruction. Consequently, researchers dealing with large
scale studies could use this simple but valuable tool. Many previous FR studies had
small sample sizes, possibly because of practical issues regarding with the adminis-
tration of literacy tests to parents.

In conclusion, our data support the use of a multifactorial deficit model (Penning-
ton, 2006; van Bergen et al., 2014) as a way of better understanding literacy difficul-
ties. Our multifactorial prediction model for RD suggests that children whose par-
ents’ self-report RD, demonstrate reading difficulties that cannot be explained solely
in terms of their individual differences in gender, interest in literacy, emergent liter-
acy, or even differences in their immediate preschool environment such as the HLE,
year in kindergarten and parental level of education. More importantly, we propose
that although FR increases the likelihood of developing RD, the preschool HLE may
operate as a potential protective environmental factor to enhance children’s emer-
gent literacy directly and their later literacy skills indirectly.
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