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Abstract

The ability to construct meaning from texts is tioee of reading. We report a meta-analysis
and a systematic review of 64 longitudinal studiiasing the development of reading
comprehension from preschool. Previous researchegththat linguistic comprehension and
code-related abilities in preschool correlate matiy with reading comprehension, but the
results across studies are inconsistent. Meta-anatyuctural equation modelling showed
two distinct but related pathways from preschaagliistic comprehension abilities to reading
comprehension in school. One pathway consists dé-celated skills (letter knowledge and
phonological awareness), and it affects readingprehension through word recognition. A
second pathway consists of linguistic comprehenskilts (vocabulary and grammar), and it
has a direct influence on reading comprehensionly kderventions to facilitate language
development appear to provide a promising appreoaécilitate the later development of
reading comprehension skills.

Keywords:Reading comprehension, language development,tiafigal study

designs, meta-analysis, systematic review
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1. Introduction
The ability to simultaneously extract and constmetining through interaction and
involvement with texts is the core of reading (RARBading Study Group, 2002). Reading
comprehension is critical for all aspects of edwcaand for participation in society. It has
long been accepted that the foundations of reacbngprehension are laid long before
children start learning to read (Teale & Sulzby8@P To understand this process, it is crucial
to conduct longitudinal studies that trace the prears of reading comprehension from
preschool into the school years. Such studies ex@haur theoretical understanding of reading
comprehension and also provide the basis for dpirejanethods of teaching to improve
reading comprehension.

In the last 15 years, the number of longitudinatists of reading comprehension has
increased rapidly. Here, we present a systematiewethat summarises these studies. Given
how important reading comprehension is for learmintgomes in school, understanding the
factors that promote or impede this ability isicét for educational practice. An important
contribution of this review is to evaluate the dstency of findings across studies.
Summarizing these studies will not only have imaotrtheoretical value but could also give
direction for educational practice in terms of asseents and interventions. In addition, this
review provides convergent robust evidence acrggeht samples, languages, and contexts
on the association between linguistic comprehensimiity in preschool and reading
comprehension in school.

1.1. Theoretical Frameworksthat Inform the Development of Reading Comprehension

Several theoretical frameworks describe the coniylex reading comprehension
(Cromley & Azevedo, 2007; McNamara & Kintsch, 19%&rfetti & Stafura, 2014). For
children in the early stages of reading developmtéetmost influential theoretical

framework is the simple view of reading. Accordioghe simple view, reading
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comprehension is the product of word recogniticec(dling) and linguistic (language)
comprehension (Gough & Tunmer, 1986). Word recagmitefers to the ability to translate
printed words into speech, independent of theirmmeg Linguistic comprehension refers to
the ability to understand the meaning of spokeguage. Notably, Gough and Tunmer used
listening comprehension as a synonym for linguistimprehension, which is in line with
studies showing that these two constructs are Yigidted (Lervag, Hulme, & Melby-
Lervag, 2017; Protopapas, Mouzaki, Sideridis, Klalsou, & Simos, 2012). It has also been
suggested that listening comprehension and linguisinprehension are best understood as
one construct (Justice et al., 2017). In theirioeg1986 article, Gough and Tunmer sought to
clarify the role of word recognition in reading areding disability, resulting in several
claims that may inform our understanding of reagiomprehension development. For
instance, Gough and Tunmer (1986) argued thatwagtihboth word recognition and
linguistic comprehension are necessary conditionsefading to occur, their contributions to
reading comprehension are independent. Consequdrely contributions are not necessarily
equal — their relative importance may change adioss and there may even be a
discrepancy between a reader’s word recognitidissknd linguistic comprehension ability.
All of these predictions can be tested empiricatigifferent developmental stages and at
various levels of reading proficiency. However, earf the predictions concern the
development of reading comprehension before thetafavord recognition. Thus, in the
present study we extend the scope of the simple efegeading by investigating the early
foundations of reading comprehension. More speatificwe examine the extent to which
preschool measures of linguistic comprehensioncadeé-related skills (i.e., precursors of
word recognition) predict later reading comprehensWe perform correlation-based meta-
structural equation modelling (MASEM) — a methodtthllows structural equation models

to be fitted to meta-analytic datasets (Cheung501
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Previous research has provided strong supporhéositmple view of reading. Recent
studies show that the components of the simple eguain as much as 94-98 % of the
variance in reading comprehension in early prinsatyool (Foorman, Koon, Petscher,
Mitchell, & Truckenmiller, 2015; Lervag et al., 201 However, in some longitudinal studies
the two components have explained a relatively lspetentage of the variance in reading
comprehension (e.g., Torppa et al., 2016). Theorefs this difference in results may to
some extent be explained by different orthograparesthe included measures (Florit &
Cain, 2011). When it comes to the two componentsordwecognition and linguistic
comprehension—the relative strength changes adessdopment, thus the length of the
studies may also be one factor in explaining tiilerdinces in studies which may lead to
differences in results. In the early stages ofrleay to read (e.g., Grades 1-3), word
recognition is a major constraint on reading cormpnsion (Lervag et al., 2017), but later,
when children have mastered word recognition, listizicomprehension becomes a more
important influence on reading comprehension (Vevien & van Leeuwe, 2012; see also

Geva & Farnia, 2012; Storch & Whitehurst, 2002).

Storch and Whitehurst (2002) reported a seminalysseeking to predict reading
comprehension in thd'%to 4" grade (4 to 9 years of age) from oral languagecaaie-
related measures in preschool. This study provatieshg support for the simple view of
reading with two distinct pathways from childreearly language abilities to later reading
comprehension: a direct linguistic comprehensiaghyway and a code-related pathway that
drives reading comprehension via word recognitkiltss In the earliest grades, word
recognition had the greatest influence on readomgprehension, but from the third grade
onwards, language comprehension made a signifomaritibution. There was also a strong
association between children’s preschool linguistimprehension and code-related skills,

indicating a close relation between these composkilis at an early developmental stage.
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However, the strength of this association decreasétdage and the children’s linguistic
comprehension abilities showed higher longitudstability than did their code-related skills.
1.2. Unresolved Issuesin Longitudinal Studies Predicting Reading Comprehension from
Preschool

In the wake of Storch and Whitehurst's (2002) sexingtudy, the number of
longitudinal studies of reading comprehension hassiased rapidly. However, there are large
variations between studies in terms of the predgh@alictors they include. The most
common predictors are, in line with Storch and \&thiirst’s take on the simple view of
reading, vocabulary, grammar, phoneme awarendts, kmowledge and rapid automatized
naming (RAN; Fricke, Szczerbinski, Fox-Boyer, & &house, 2016; Hulme, Nash, Gooch,
Lervag, & Snowling, 2015). However, although restitom a broad range of predictors are
reported in the literature, studies that includ®mabination of measures that adequately
assess both code-related and linguistic compretwskills are rare (Hjetland, Brinchmann,
Scherer, & Melby-Lervag, 2017). Moreover, despiteuGh and Tunmer’s (1986) suggestion
to use listening comprehension as a measure afiifig comprehension, few studies
involving young children have included this typeagessment (Hjetland et al., 2017). On the
other hand, a number of studies include additipnadlictor variables that are not based on the
original account of the simple view of reading, lIs@as working memory, socio-economic
background, and nonverbal intelligence (Roth, Spe&dCooper, 2002; Schatschneider,
Fletcher, Francis, Carlson, & Foorman, 2004).

The results from previous longitudinal studiesedding comprehension are
inconsistent in several respects. For instancegssiandies have found a strong predictive
relationship between preschool vocabulary and fatding comprehension (Roth et al.,
2002), whereas others have only found a weak oelstiip (Fricke et al., 2016). The variation

in the size of the bivariate correlations betwe@&asures, coupled with differences in the type
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of predictors that have been assessed in diffastedtes, has led to variations in the
conclusions drawn on the development of readingpcehension.

Several of the inconsistencies in the results wir @tudies, may stem from differences
in their methodological approach. For instance,isaee that may explain the between-study
variation is sample characteristics, includingdle of the participants and how long they
have been receiving reading instruction at the tattimvhich reading comprehension is
assessed (Hjetland et al., 2017). In studies wigaxding comprehension is measured early,
we would expect to find a relatively weak relatlmgtween preschool vocabulary and reading
comprehension (and a relatively stronger relatignbbtween reading comprehension and
preschool precursors of word recognition, suchrempme awareness and letter-sound
knowledge). In contrast, we would expect to firgtranger relation between preschool
vocabulary and reading comprehension in older cdmldvho have mastered word
recognition.

Previous studies have also shown that measuresserdd, such as the type of reading
comprehension test used influences the strengtineaforrelations between reading
comprehension, word recognition and linguistic cashgnsion. Keenan and Betjemann
(2006) showed that tests using multiple-choice tioles are typically not good measures of
reading comprehension, as children may be ablagdeer many questions on such tests using
background knowledge without reading the passagenkin, Betjemann, and Olson (2008)
showed that tests with open-ended questions are degendent on linguistic comprehension
skills than tests with multiple-choice questionsaaioze procedure. Thus, the type of reading
comprehension test used may also have led to istensies in the results of previous
studies.

Finally, some of the discrepancies between studig stem from the failure to deal

adequately with measurement error. Measurement atenuates the correlation between
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variables, and in multivariate studies, differeniceseliability can have unpredictable
consequences for the estimation of regression stmeause a predictor with good reliability
will explain more variance than a competing preatietith poor reliability (Cole & Preacher,
2014). Most prior studies have used single measifriemguage constructs, such as
vocabulary, grammar and phonological awarenessigdsultiple measures of each construct
is far preferable, as it allows the use of lataariables free of measurement error (e.g., Little,
2013). The use of single measures may cause funit@nsistencies between studies due to
the large variation in the choice of instruments #re used to measure different language
constructs. For instance, vocabulary has previdosgn assessed by different measures, such
as word definition tasks, picture naming, and pefoointing (e.g., the Peabody Picture
Vocabulary Test [PPVT]). The same is the case ddeerelated skills (such as word
recognition and phonological awareness) and workiegiory. The assumption that various
tasks are equally representative of the higherrardestructs that they are designed to
measure has rarely been tested in prior studies.

To sum up, although developmental studies of repdie increasing in number,
variation in the results of these studies limits moderstanding of the early pathways to
reading comprehension. In the present study weWMASEM-approach to overcome the
limitations of individual studies. Conducting a meinalysis on previous studies will increase
statistical power to detect meaningful associatemm®ng constructs, and enable us to
generalize findings across different samples,rsggtand assessment types. The use of latent
variables in MASEM allows us to deal effectivelythvmeasurement error across individual
studies.

Although reproducibility in experimental psychololggs attracted much attention in
recent years (Open Science Network, 2015), muchdegphasis has been put on issues of

robustness in multivariate observational studias. §stematic literature review, coupled
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with a meta-analysis of key structural relationsl jinpoint which findings are robust and
how we can refine future studies.

1.3. Previous Systematic Reviews

Three prior reviews are of particular interest: iguand Wagner (2018) used MASEM
to examine the components of the simple view adlireain concurrent correlational studies
including both younger students (from 3.5 years) adults. Their meta-analytic structural
equation model included three latent variables:dwecognition, linguistic comprehension,
and a construct they referred to as cognitive tedsli consisting of working memory and
inferencing skills. The model explained 56.8 %laf variance in the students’ reading
comprehension, but only word recognition and lisgjaicomprehension had statistically
significant independent contributions to readingipoehension. Garcia and Cain (2014)
found a sizeable concurrent correlation betweerdwecognition skills and reading
comprehensiornr (= .74), with age and listening comprehension matitey this relationship.
These reviews were limited to studies conducted ®wiiglish speaking samples. Finally, the
National Early Literacy Panel (NELP, 2008) summeditongitudinal studies of reading
comprehension, including studies up to 2004. Thexaye correlations between language-
related variables and reading comprehension rafigedr = .20 (concept knowledge) to
r = .59 (reading readiness). However, only few prinsudies were included, and this review

did not use a model-based meta-analysis to analy#evariate relations.

1.4. The Current Study

In the present study we investigate the early fatinds of reading by summarizing
preschool predictors of reading comprehension. sBbection of preschool predictors in this
review was guided by the simple view of reading matlided linguistic comprehension and
code-related measures such as vocabulary, gramph@rplogical awareness, letter

knowledge, and RAN. However, we also included jgteds such as working memory,
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nonverbal 1Q, and socio-economic background, whickome accounts may represent useful
additions to the simple view of reading (Quinn & §var, 2018). We will summarise the size
of the bivariate relations between language skilisreschool and later reading
comprehension and examine factors that possiblyenadel them (e.g., age, test type). As type
of reading comprehension assessment has been stdsrassociated with the strength of
correlation between the reading comprehension laadther two main components in the
simple view of reading, we hypothesize that testh apen-ended questions are more
dependent on language comprehension skills thésmussig a multiple-choice or a cloze
procedure. Importantly, tests that use similar pdoce to tap the student's comprehension of
text may differ in other aspect. The current stadsnmarizes studies of the correlation
between preschool skills and later reading compraba. However, most studies in this
review only include a single reading comprehensésh involving open-ended questions and
it remains for future studies to clarify whethee tlype of reading comprehension test has
important effects on the relative importance of dvagcognition and linguistic comprehension
as predictors of reading comprehension. Tests ogén-ended questions may be more
dependent on linguistic comprehension skills theatst using a multiple-choice or a cloze
procedure. Importantly, tests that use similar pdoces to assess the students’ reading
comprehension may differ in other aspects (i.ecabalary, testing procedure). Our meta-
analysis summarizes the correlations between iaBiiih preschool and later reading
comprehension across different types of readingpcehension assessment, examining the
possible moderating effects of the type of assessr&aplaining variation across different
assessment types is one of the key strengths etaamalysis that synthesizes several
primary studies.

However, to gain knowledge about how reading coimgmeion develops concurrent

bivariate correlations are not sufficient. We tlere model the relationship between
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preschool skills and reading comprehension and eeawhich separate measures go
together to define common constructs. We contrnohfeasurement error and use latent
variables when examining how preschool factorsugrice later reading comprehension. To
accomplish this, we utilize correlation-based MASEBheung, 2015). This approach first
synthesizes entire correlation matrices and thefoqmas structural equation modelling on the
resultant, aggregated correlation matrix. In caitta performing separate meta-analyses for
each individual correlation, this two-step approacbounts for the dependencies between
correlations within studies and thus provides nameurate parameter and variance estimates
(Cheung & Cheung, 2016). MASEM also handles misdeag efficiently since incomplete
correlation matrices need not be excluded—the mamirikelihood estimation procedures
account for missing data efficiently (for detapéease refer to Cheung & Chan, 2009).
Overall, MASEM provides a powerful approach toitegta model that describes the
pathways to reading comprehension. At the same ttmequires correlation matrices to be
positive definite and may thus limit the selectadrprimary studies eligible for structural
equation modelling.

This meta-analytic review has the following aims:

(1) We seek to establish accurate estimates aktagonships between preschool
code-related skills, and later word recognition eeatling comprehension skills, as well as

between linguistic comprehension skills in presdlaoal later reading comprehension.

(2) We seek to establish accurate estimates akthgonships between domain
general skills, such as nonverbal intelligencewotking memory and later reading
comprehension. In addition, we seek to examinedlagionship between background factors

related to socio-economic background (SES) and tetaling comprehension.
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(3) We formulate and evaluate a structural equnatiodel with two distinct but
related pathways comprising code-related skillslarmgliistic comprehension as predictors of

later reading comprehension skills.

(3a) In this model, we expect code-related skillprieschool to have a significant

indirect effect on reading comprehension in schiacdugh word recognition skills.

(3b) The hypothesised model describing the pathvirays code-related skills and
linguistic comprehension to reading comprehensimukl apply to both younger and more

experienced readers and to studies using difféyees of assessment.

2. Method

This study is based on a preregistered review attedwithin the Campbell
collaboration framework (see Hjetland et al., 20 &viICampbell review comprises three
elements: (1) the title registration, (2) the pomio and finally (3) the review. All undergo an
extensive peer review process before being puldishéne as open access. The current
paper is an extension of the Campbell systematiewe as we present additional moderator
analyses (e.g., the possible moderators are exdrmd&/idually instead of a regression
analyses with multiple covariates) and subgroupyaea (e.g., reading comprehension
measure: multiple-choice vs. open-ended assessimier@ading comprehension). We
conducted both the bivariate analyses and the MA&tnique, and further introduced
children’s socio-economic background in the primsaynples as a predictor of reading
comprehension.

2.1. Inclusion Criteria

This review included longitudinal non-experimergaldies that follow children from
preschool into school. To be included, studiestbagport data from at least two assessment

time points: one in preschool, before formal regdistruction had begun, and one in school,
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after formal reading instruction had started. Bsegiormal reading instruction begins at
different ages in different countries, we use #rentpreschool in this study to refer to
measurements taken before the start of formal mgadstruction. Children in preschool in
studies reviewed here span a range of ages franb y¢ars. In addition to these conditions,

we applied the following inclusion criteria:

SampleThe study population consisted of samples of igaimdnolingual typically
developing children who were not subject to restrécselection criteria (e.g., a
diagnosed learning difficulty or bilingualism).

* Measures of constructét least one of the predictors (vocabulary, granm
phonological awareness, letter knowledge, RAN, alenimrking memory, and
nonverbal intelligence) and reading comprehensienmeasured by standardised or
researcher-designed tests, were included.

* Measures of associatioifhe studies had to report a Pearsorcerrelation between
predictors and reading comprehension, along wettsimple siz#l.

* Publication yearOnly studies published after 1985 were considévethclusion.

» Language of reportinglThe studies had to be reported in English.

2.2. Constructsand Measures
Before including studies in the review, we setifferent criteria that had to be met for
the indicators to be considered valid measuresetonstructs in which we were interested.
2.2.1. Outcomevariables. A test was considered to meastegading comprehensioif
the child had to read sentences and/or passagesthadanswer questions (either open
ended or closed) about the content of the texdemtify a missing keyword. Fevord
recognition,indicators had to be measures in which the cleiédiy timed or untimed, either

strings of words or passages of words.
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2.2.2. Predictors of word recognition. A task was considered a measure of
phonological awareness it involved detecting, manipulating or analysing the phonolalic
structure of spoken language (including the abibitgistinguish or segment words, syllables
or phonemes). Two indicators of phonological awassrare included here: phoneme
awareness and rhyme awareness. Measuteti@f knowledgehad to tagknowledge of the
names and sounds associated with printed leR&bl taskswere tasks that assessbd
ability to name a sequence of randomly repeatiotupes (e.g., ‘car’, ‘tree’, ‘house’, ‘man’),
colours, letters or digits as rapidly as possible.

2.2.3. Predictors of linguistic comprehension. A task was considered a measure of
vocabularyif the child was asked to define a word, locatécéupe corresponding to a spoken
word, name a picture, fill in a missing word inemtence or answer questions after listening
to a story. Composite measures of language abike also included. In measures of
grammatical skills children had to demonstrdkeowledge about how words and their
component parts are combined to form coherent seasg(i.e., morphology and syntax).

In tests measuringerbal working memorychildren had to repeat spoken sentences or
non-words verbatim. Non-word repetition and senéememory were coded in separate
categories, as their relations with memory andlagg are debated, and it is not entirely
clear into which category they fit. As feocio-economic backgroundndicators that
measure parental educational level, occupatios/rieduced school lunch and more broad
indices of socio-economic status were includéohverbal IQmeasureshe ability to analyse
information and solve problems without using largpt®dased reasoning.

In addition, we coded methodological quality ie gtudies. The criteria for this
coding were as followsSampling proceduravas coded when reported in the studies. Two
categories were used, nhamely random and convensamapling.Instrument typewas coded

based on whether the studies included only stam#atdnstruments, a combination of
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standardised and researcher-made instruments|yoresearcher-made instrumenitest
reliability was coded based on whether or not the relialafithe measures used was
reported in the studies, that is, whether religbikas reported for all measures, some
measures or whether reliability was not reportgareed from test manual only. The
occurrence ofloor or ceiling effectswas coded based on whether any of the measures
showed floor or ceiling effects as indicated by tiyegorted means and standard deviations.
Attrition was coded based on whether or not attrition wasrted in the article. We also
calculated the percentage of attrition from thetfand last assessmeMiissing datawas
separated into two categories based on how stddeds with missing data (listwise deletion
or other procedure better than listwidegtent variableswere coded based on whether the
studies used this (yes/n@&@tatistical power/sample sizkepends on many factors. However,
as a general rule, samples below 70 will yield alnl&t estimates and, in general, have low
power to detect relationships of the size thaf isterest here (Little, 2013). We therefore
coded sample size in three categories: below 70500 and above 150. Notably, the
preferred option would be to use sample size amtanuous variable. However, this
distribution deviated from normality, so this was possible.

The abovementioned broad set of quality indicatas coded to be able to give
precise recommendations concerning future stui@sh study was given a value on the
guality indicators. The value 0 indicated a lovkrid bias on that indicator, whereas a higher
value reflected a higher risk of bias. Failuredpart also represented a higher (ske Table
S1 in online supplemental material for coding prhges).In addition,type of reading
comprehension test, sample size, attrition andby#iy were included as categorical
moderators. It should be noted that the use aedprétation of the study quality indicators
should be handled with some caution. For instaastandardized test is not automatically of

better quality than a researcher-made test. Theeralso differences in the availability and
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suitability of standardized instruments when it esnto specific language domains and
countries that should be taken into account.

2.3. Search

The electronic search consisted of seven datalj@segjle Scholar, PsycINFO via
OVID, ERIC via Ovid, Web of Science, ProQuest Ditsigons and Theses, OpenGrey.eu
Linguistics and Language Behavior Abstracts), @amas conducted in February 2016. For a
full list of search strategies and search terms,Table S2 in the online supplemental
material.

The electronic search yielded a total of 3285 mfees from the seven databases
(2498 after excluding duplicates). After screermbgtracts, a further 1393 were further
excluded, leaving 1105 full articles to be read endluated for inclusion. Just 64 studies met
the eligibility criteria and were included in theeta-analysisThe search and flow of studies

through the review is shown in Figure 1.

2.4. Data Extraction and Coding

When screening abstracts, as well as in reviewiadull text of articles, 25 % of the
references was double-screened. Cohertlse inter-rater reliability for inclusion or
exclusion, was satisfactory at both stages, witffements of Cohen’s = .92 and .95,
respectively. Any disagreements between raters mes@ved by discussing and consulting
the original paper. After establishing inter-ratgrability, the two raters (i.e. the first and
second author of this review) divided the remainibg of the references evenly amongst

themselves for further screening.

To standardise the extraction of data from the annstudies, we developed a coding
scheme describing the data extraction procedurefil$t and the second author
independently extracted data from 37.5 % of thdieti(24/64) to check the accuracy and

reliability of coding. The interrater reliabilityas good, Pearsonis= .95, with level of
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agreement of 96 % on the extracted effect sizaer Aéliability had been established, the first
author extracted data from the remaining studies.

In some cases, multiple observations existed ®stime outcome. In such cases, we
calculated an average correlation based on theasures. This calculation was performed to
gain a broad measure of the abilities that we whtdestudy. Additionally, in some cases,
children were measured at more than one time jposthool or in preschool. In those cases,

we chose the first assessment in preschool andshassessment in school.

2.5. Missing Data

We identified several types of missing data: inctatgcorrelation matrices, missing
sample characteristics and missing informationgieirig to methodological quality. When a
study met our inclusion criteria but failed to rejpan uncorrected bivariate correlation
matrix, we contacted the corresponding authorsragdested the necessary data. In fact,
most studies did not report all correlations amthregvariables under consideration—hence,
correlation matrices were often incomplete. CondgcdASEM, we used the maximum
likelihood procedures to handle missing data utiderassumption that missing values
occurred randomly (Cheung, 2015; Enders, 2010).\\data were missing from variables
concerning sample characteristics or methodologjaality, the study with missing data was

excluded from the moderator analysis but was rethfar the overall effect size estimation.

2.6. Statistical Analyses

To test our hypotheses and examine possible maaleettects, we took two analytic
steps. First, we synthesised the bivariate coroglatamong the preschool predictors and later
reading skills using the Comprehensive Meta-Analgsiftware version 3 (BioStat;
Borenstein, Hedges, Higgins, & Rothstein, 2014)sBtep resulted in a single, aggregated

matrix of correlation among all constructs, whicasasurther subjected to the analysis of
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publication bias and possible moderation effecés08d, we synthesised the correlation
matrices retrieved from the primary studies to vastther the pathways of the reading
comprehension model were supported. This stepwedotorrelation-based MASEM (e.g.,

Hong & Cheung, 2015).

2.6.1. Meta-analysis of bivariate correlations. We used Pearsonfsas the measure
of effect size; the analyses were conducted usisigeFsz but results were transformed back
to Pearson’s for the purposes of reporting. To calculate arraye effect size, we used
random-effects models that account for the fadtvthaation in effect sizes between studies
may be due to both random error and systematieréifices in study characteristics. To
determine the degree of heterogeneity betweenestudie tested whether the heterogeneity
was different from zero using the chi-squared-b&3ddst. Because th@-test is highly
dependent on sample size, we also ude¢d examine the magnitude of variation in effect

sizes between studies (Hedges & Olkin, 1985).

Notably, 1% is used to assign weights under the random-effaottel; thus, the total
variance in a study is the sum of the within-studgiance and the between-studies variance.
This method for estimating the variance betweedistuis known as the ‘method of
moments’ (Borenstein, Hedges, Higgins, & Rothst2dQ9, p. 72). As a rule, we considered
the variation between studies large?exceeded 0.1—this criterion was based on the fact
that the typical population standard deviatidB3g) in applied psychology are around 0.1 to
0.2 (see Bosco, Aguinis, Singh, Field, & Piercel®0 corresponding to a rangetof
between 0.01 and 0.04. Finally, we usedifksatistic, a statistic indicating the proportidn o
variance in effects that can be attributed to heerogeneity versus random error, to further
indicate the heterogeneity of correlations withia tange of 0 % (no systematic differences

between studies: variation is primarily due to atggrio 100 %.
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As for the size of an average correlation, deteimgithe effect size to be deemed of
practical significance in the current field is aalcThus, an effect size that would be
considered moderate by the standards set by C4888) could be interpreted as strong
when compared to the average effect sizes showdunation.

Meta-regression based on the method of momentaifiolom-effects models was used
to predict variations in effect size across studffiesn the moderator variables. The percentage
of between-study variance explainéd)(was used as a measure of the effect size of the
moderator.

To estimate publication bias, we applied Duval &weedie’s trim-and-fill method
(Duval & Tweedie, 2000) and inspected funnel pletswever, the validity of the funnel
plot/trim-and-fill method has been questioned (Uaannidis, Terrin, Schmid, & OIKkin,

2006), especially when it is used in the presereelarge between-study variation (Terrin,
Schmid, Lau, & Olkin, 2003). Therefore, the res@iitsn these analyses should be interpreted

with caution.

2.6.2. Meta-analytic structural equation modelling (MASEM). We further tested a
structural equation model that represented thelsinipw of reading and contained multiple
correlations at the same time. Given that the piyrstudies did not only contribute one
correlation between certain variables but multigkpendencies among the correlations (i.e.,
their nesting within studies) occurred. These ddpanies would violate the assumptions of
traditional, univariate meta-analysis (Borensteaiale 2009), and hence a multivariate
approach was needed to account for them in a nmetigtec model. Correlation-based
MASEM represents such an approach (Cheung, 20p8kifgally, correlation-based
MASEM can accommodate multiple correlations thatenextracted from the primary studies
(i.e., correlation matrices) by considering theamance between the correlation coefficients

and their variances (Cheung, 2013). CorrelatioretéddASEM can be implemented in
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multiple ways; although a, two-stage structuralagmun modelling (TSSEM) is the dominant
approach (Cheung & Cheung, 2016). This procedumgcses two stages (Cheung & Chan,
2005; Cheung, 2015): In the first stage, the cati@h matrices are combined under a
random-effects model to a pooled (overall) corretamatrix (TSSEM stage 1). Similar to
univariate meta-analysis in which single correlagiare pooled under fixed- or random-
effects models, the pooling of correlation matricas also be based on fixed- or random-
effects models (Jak, 2015). Oftentimes, the assompf random effects is more realistic
than that of fixed effects, because it allows ti@usion of between-study variances and
covariances (Cheung, 2016).

In the second stage, the pooled correlation matrsabmitted to structural equation
modelling (TSSEM stage 2). In this stage, the stmat equation model is specified,
estimated, and evaluated according to its moddiiireover, competing models can be
compared using chi-square difference testing @rmétion criteria. In this study, we
evaluated the fit of the structural equation modelshe basis of the common guidelines for
an acceptable model fit (i.e., CFL95, RMSEA< .08, and SRMRK: .10; Hu & Bentler, 1999;
Marsh, Hau, & Grayson, 2005). We performed cori@tabased MASEM using the R
package ‘metaSEM’ (version 0.9.8; Cheung, 2015).

3. Results

Table S3 in the online supplemental material shineharacteristics of the included
studies (with correlations coded from each studg@e size and average age of
participants). Notably, of the 64 included stud#® were conducted with English-speaking
children. We first present average bivariate catrehs between reading comprehension and
all the predictors that were included in the stugigcond, the resultant correlations and their
variances are explored through moderator analysgsiaalyses of publication bias. Third, we

synthesise entire correlation matrices using MASBMvaluate the fit and applicability of a
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‘pathways to reading comprehension’ model. Extegdive MASEM approach, we further
test the fit and applicability of the model foresetied subgroups of studies (i.e., early [two
years of formal reading instruction or less] ve legading [more than two years of formal
reading instruction], multiple-choice vs open-endsdessments).

3.1. Longitudinal Correlations between Preschool Predictors, Word recognition and
Reading Comprehension

Table 1 shows the mean longitudinal correlationsragrpreschool predictors, word
recognition and reading comprehension. That theetairon between RAN and reading
comprehension is negative indicates that studeititsb@tter reading comprehension have
shorter RAN times. There is a moderate correlaimiong all predictors and the outcomes of
word recognition and reading comprehension. An gtoe is hon-word repetition, which
shows a smaller correlation. Importantly, thera large variation among individual studies in
the size of the correlations that are reportedler alshows that for most measures, the true
heterogeneity between studi¢d {s significant and above 70 %. Thus, despitefabethat all
of the studies examine preschool predictors of wecdgnition and reading comprehension,
it is evident that they reach different conclusiabsut the size of these relations. It is also
clear that moderators can be operating and than miéect sizes should be interpreted with
some caution.

A closer look at the correlations among measurdisigdistic comprehension,
vocabulary, grammar and reading comprehensiortridites this heterogeneity. Figure 2
shows a forest plot of the correlations betweeralatary and reading comprehension. The
mean correlation is moderate, but there is largatran between studies. The vast majority
of studies use picture vocabulary tasks, sucha®BVT (Dunn & Dunn, 2007), whereas
most reading comprehension measures use multipleeejuestions or close tasks, such as

the Passage comprehenssuftest from th&/oodcock-Johnson test battery (Woodcock,
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McGrew, & Mather, 2001). Figure 3 shows a forest pif the correlation between grammar
and reading comprehension, which again shows a ratedeorrelation but with a large
variation between studies. Finally, the two bestddsshed predictors of word recognition
(letter knowledge [Figure 4] and phoneme awareffégsire 5]) both show moderate
correlations with reading comprehension, but larggation between individual studies.
There were also moderate correlations betweern lattevledge and phoneme awareness and
word recognition skills (see Table 1).
3.2. Study Quality

Figure 6 shows an overview of the risk of methodwlal bias in the studies. As
presented in Figure 6, there is moderate-to-hgiaf bias in several different aspects of the
studies. As for sampling, of the 64 included stadisve used random sampling, whereas 59
used convenience sampling. Importantly, many stuldieked vital information about how
samples were recruited. As for measurement instntsna mixture of standardised (norm-
referenced) and researcher-made instruments wasiltypused in the studies € 44). Of the
64 studies, 17 used only standardised measurédw.e@ studies, only researcher-made

instruments were used.

Test reliability was not commonly reported. Typligaonly reliabilities from the test
manual were reported & 34), although some reported reliability coetfitis based on their
own data for some of their measures=(11). Nineteen of the 64 studies reported rditgbi
estimates for all measures. Only four studies Ueseaht variables to control for measurement
error. There were also noteworthy issues with mgssiata. Many studies had problems with
attrition; the highest percentage of attritionhe included studies was 59 %, although this
particular study spanned 10 years. In addition1®of the studies, there was no available
information about attrition because only the sanspie at the first time point was reported.

Moreover, most of the studies did not report infation about how they dealt with missing
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data, and only nine of the studies reported usiggegific technique to handle this issue (e.g.
full information maximum likelihood estimation).rilly, several of the studies had issues
concerning statistical power, and as many as 38 £20) of the studies had fewer than 70

participants.

3.3. Moderators of the Longitudinal Relationships between Preschool Predictors, Word
Recognition and Reading Comprehension

Due to the significant true heterogeneity betwéenstudies, we examined whether
moderator variables could explain the variatioefiiect sizes shown in the studies. Table 2
shows the results from the continuous moderatdyses for the correlations between the
main preschool predictors and reading comprehensischool. Notably, we did not perform
moderator analyses with non-word repetition and B&&use the meta-analyses did not
show statistically significant variation betweem gtudies. The results of the analyses
revealed that age of assessment and months ohgeimdiruction when reading
comprehension was measured could explain the i@ribetween studies in the predictive
value of sentence repetition, RAN and rhyme awa®ndowever, after correcting for
multiple significance tests, these moderator eff@atre no longer significant.

Tables S4-S7 in the online supplementary matehialvs the results from the tested
categorical moderator analyses for the correlatimi®/een phoneme awareness, letter
knowledge, vocabulary and grammar and reading celngmsion, respectively. These
moderator analyses have only been performed oretagons that are further explored in the
MASEM analyses. The tested categorical moderatersype of reading comprehension test,
sample size, attrition and reliability. Howevere ttesults show that despite inconsistent
findings and the large heterogeneity between ssudiene of these moderators explained
significant variance between studies.

3.4. Publication Bias
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We examined publication bias by analysing funnetpusing the trim-and-fill
method. Across all bivariate relationships, ninelsts were filled in for the correlation
between phoneme awareness and reading comprehénsiof0 before adjustment, .43 after
adjustment), three studies for letter knowledgelireacomprehensiorr € .42 before
adjustment, .40 after adjustment), six studiesdprd naming/reading comprehensior=(.34
before adjustment, .27 after adjustment), fouristtbr non-word repetition/reading
comprehensiornr (= .17 before adjustment, .20 after adjustment)fasedstudies for
nonverbal intelligence/reading comprehension (35 before adjustment, .40 after
adjustment). Thus, there were indications of paidn bias for some bivariate correlations,
but the pattern was not consistent and the changbs size of the correlations were
generally small.
3.5 Resultsfrom Meta-analytic Structural Equation Modelling

3.5.1 Aggregating correlation matrices. One of the key prerequisites for synthesising
correlation matrices for structural equation madglis that matrices are positive definite
(Cheung, 2015). Wothke (1993) considered matricdxetpositive definite if all their
eigenvalues are positive. Of the 64 available t¢ati matrices, 42 met this criterion, and
the remaining matrices were excluded from MASEM:dgithis reduction, we could only
include four preschool predictors in the model: pdrae awareness, letter knowledge,
vocabulary and grammar. This, of course, reduceddmple of available primary studies
that formed the basis for the structural equati@detiing step. However, as noted earlier, the
alternative approach, aggregating correlationsviddally by performing separate meta-
analyses of correlations, does not take into adcinenmultivariate nature of the data (i.e.,
correlation matrices instead of single correlatjaarsd would have introduced severe bias into

the estimation of model parameters (Cheung, 204§;2015; Sheng, Kong, Cortina, & Hou,
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2016). Ultimately, we did not consider this apptoéx circumvent erroneous conclusions
from biased model parameters (Cheung & Hong, 2017).

Table 3 summarises the resultant, overall coriatnatrix along with the relevant
statistics. This correlation matrix exhibited tiregence of heterogeneity between studies
(i.e., random effects(207) = 919.70p < .001. Specifically, three correlations within the
pooled matrix varied significantly across studib& correlations between reading
comprehension and (1) phoneme awareness, (2) viacgaland (3) concurrent word
recognition. All other between-study variance eates did not differ significantly from zero.
Notably, the variation between studies was smalléhe subsample of 42 studies than in the
entire sample of 64 studies.

3.5.2 Performing structural equation modelling. The pooled correlation matrix was
submitted to structural equation modelling. Thetlways to reading comprehension” model
is shown in Figure 7. It considers reading compnel and word recognition to be key
outcomes, which are predicted by code-relatedsséiid linguistic comprehension.
Furthermore, as outlined previously, word recognitserves as a predictor of reading
comprehension. In this model, code-related skiil$ linguistic comprehension are
represented as latent variables with two manifeditators each. Letter knowledge and
phoneme awareness measure the former, vocabuldrygrammar the latter. The proposed
model resulted in a very good i (7) = 7.62p = .37, RMSEA = .004, CFl = 1.000, TLI =
999, SRMR =.021, AIC =-6.38, BIC =-54.04. Figur shows the resultant parameter
estimates, along with their likelihood-based coaffice intervals (LBCIs). About 59.5 % of
the variance in reading comprehension could beagxgd by linguistic comprehension and
code-related skills in preschool and about 47.6f ¥h@variance in word recognition. This
model also revealed a significant indirect effdatade-related skills on reading

comprehension through word recognitibrys 0.39, 95 % LBCI =[0.31, 0.46].
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Notably, this model also exhibited a substantiatelation between the two predictor
variables linguistic comprehension and code-relakeitk, p = 0.77. This correlation may bias
the resultant path coefficients to reading compnstoe and word decoding due to possible
multicollinearity (e.g., Marsh, Dowson, Pietsch\Walker, 2004). We therefore estimated the
variance inflation factor (VIF) of code-related l&kio test whether multicollinearity issues
existed. The regression model underlying this estitn showed a very good fit to the data,
XZ (1) =13.37p< .01, RMSEA =.043, CFI =.997, TLI = .984, SRMR06€8. Overall, 62.4
% of the variance in linguistic comprehension wgsl&ned, resulting in a VIF = 2.66.
Hence, there was no evidence for a multicollingasisue provided by the VIF (VIF <5 as a
possible criterion; O’brien, 2007). To further stadiate this finding, we re-specified the
structural equation model as a Cholesky-decompbsedrchical model using phantom
variables. This model controlled for the high ctatien between the two predictor variables
through so-called “phantom variables” (e.g., Dangle 2015). The model did not result in
substantially different path coefficients (see Sapgentary Material S10). In support of our
expectations, the positive and significant relaibetween the predictors and the outcome
variables increased slightly and showed a larggirect effectb = 0.59, 95 % LBCI =[0.55,
0.63]. Please find more details in the Supplemgniaterial S10. Overall, the high
correlation between the two predictors did not caonpse our conclusions drawn from the
meta-analytic structural equation model.

3.5.3 MASEM subgroup analyses. To examine further the extent to which the model
applies to certain subgroups of studies, we cordURTASEM subgroup analyses,
differentiating between early and late reading istsidnd studies administering multiple-
choice and open-ended assessments.

3.5.3.1 Early vs. late readingrirst,we grouped studies with respect to the years of

reading instruction to which children had been egabat the last assessment time point. This
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grouping resulted in 16 ‘early reading’ studias=(2426) that assessed reading
comprehension after the children had received &&sy/of formal reading instruction and 26
‘later reading’ studiesn(= 4270) when the children had received more thanywars of
formal reading instruction. The correlation matsicd both subgroups were combined under
random-effects models and used to test the stalagquation model. Table S8 in the online
supplemental materials shows the pooled correlatiatrices for each subgroup. Overall,
significant variation in the correlation matrices@ss studies within subgroups existed (early
reading studiexQ[83]) = 353.1p < .001; late reading studig®[109] = 435.0p < .001).

The structural equation model fit the data veryl gl early reading studies
(xz [7] = 6.28,p = .51, RMSEA = .000, CFI =1.000, TLI = 1.002, SRM .026, AIC = -7.7,
BIC = -48.3) and late reading studig8[7] = 5.38,p = .61, RMSEA = .000, CFI = 1.000,
TLI =1.003, SRMR =.033, AIC = -8.6, BIC =-53.Bigures 8a and b show the
corresponding model parameters and their confidarieevals. The indirect effects of code-
related skills on reading comprehension throughdwecognition were significant for early
(b=0.42, 95 % LBCI = [0.27, 0.57]) and late readérs 0.35, 95 % LBCI = [0.29, 0.42)).
Considering model fit and the comparability of effewithin the model, these findings
provide evidence that the proposed model fits tta tr both reading groups.

3.5.3.2 Multiple-choice vs. open-ended assessmehteading comprehensiorNext,
we differentiated between two types of assessmamnikiple-choice (closed) vs open-ended
assessments of reading comprehension. Given thaémht correlation matrices were
available for the latter, we could only specifydtk instead of random-effects models to
achieve maximal comparability between the two sobgs. Two of the 42 eligible studies
(i.e., those with positive definite correlation mees) did not provide sufficient information

on the type of assessment tasks used and hacetacheled.
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Table S9 in the online supplemental materials shib@$ooled correlation matrices
for studies using multiple-choice and open-endsgssments of reading comprehension.
These matrices exhibited some differences in theciastions of variables. For instance, while
the correlation between phoneme awareness and wacglivas moderate for studies with
multiple-choice assessmentsH.38), studies administering open-ended assessmen
exhibited a weaker correlation#£ .14). Despite these differences, the proposedieihaf
reading comprehension fit the data well for botbhggoups of studies (multiple-choice
assessment;f [7] = 38.0,p < .01, RMSEA =.027, CFI =.998, TLI = .996, SRMR023,

AIC = 24.0, BIC = -22.9; open-ended assessmghfg] = 12.1,p = .10, RMSEA = .033,
CFIl =.990, TLI =.978, SRMR =.063, AIC =-1.9,BFk -33.5), thus supporting the
applicability of the model to both groups of stigli®odel parameters are shown in Figures
9a and b. These parameters indicated some diffesefar instance, in the relation between
word recognition and reading comprehension (ieegdr effects for multiple-choice
assessments) and the relation between linguisticeading comprehension (i.e., larger
effects for open-ended assessments). Considerngaitance explained in reading
comprehension, about 68.2 % could be explainetuoliess with multiple-choice assessments,
whereas 43.3 % could be explained in studies waneended assessments. The indirect
effect of code-related skills on reading compreimnsia word recognition was = 0.42
(p < .05) andb = 0.21 6 < .05) for multiple-choice and open-ended assestsneespectively.
However, given the small sample size available fopan-ended assessment studies, the
interpretation of these differences must be treatiéial caution.

4. Discussion

The current study gives robust evidence of whichois in preschool are related to the
later development of reading comprehension. Toes$dsome of the limitations of issues in

previous primary studies and reviews we first US&GEM to account to measurement error.



PRESCHOOL PATHWAYS TO READING COMPREHENSION 29

Second, since the demand of linguistic compreharana word recognition have been shown
to change throughout reading development, we exainivhether the strength of association
changed when the studies were grouped accordipgais of reading instruction. Third, to
examine whether the type of reading comprehensgisiraffected the strength of association
between the components in the simple view of repdia grouped the studies according to
open ended/retell versus multiple choice/cloze gaace. Our findings have important

theoretical and applied implications and also hgittlsome directions for future research.
A number of key findings surfaced:

(1) The correlations between reading compreheramghpreschool measures were

moderate in longitudinal studies and varied acpogsary studies.

(2) In a meta-analytic structural equation modehvatent variables, we found that
code-related skills and linguistic comprehensiomengeparable predictors of later reading
comprehension skills, with code-related predictorgreschool having a significant indirect

effect on reading comprehension in school throughdwecognition skills.

(3) The hypothesised model describing the pathvrays code-related skills and
linguistic comprehension to reading comprehensitihé data well from both younger and
more experienced readers and from studies usifeyeliit types for reading comprehension
assessment. However, the relationship betweenngadmprehension and linguistic
comprehension in preschool was stronger in oldstters. In addition, reading
comprehension measures with open-ended questiomseda stronger relationship with

linguistic comprehension in preschool than did ipiétchoice tests.

4.1 The Simple View of Reading and Pathwaysto Reading Comprehension
According to the simple view of reading, readingngoehension is the product of

word recognition and linguistic comprehension (GodgTunmer, 1986). In this study,
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MASEM provides strong support for the simple viédwconsistent finding across the 42
studies included in the MASEM was that word rectigniand linguistic comprehension
explained the majority of the variation in readognprehension (around 60 %). This is quite
remarkable when we consider the limited numbendicators and latent constructs that we
were able to include. It is also important to keemind that results from a meta-analysis
may differ from a single study because it includata from over 40 studies, thus there will be
variation amongst the studies, in terms of thegrgaps studied, educational practice, and the
different assessments used. Our results alignwitllthe Quinn and Wagner’s (2018) review
of concurrent studies.

In addition to giving strong support to the simpiew, our study extends it by
showing two distinct pathways leading from presdhaoguage and code-related skills to
reading comprehension. These findings align wethswwo previous large-scale studies:
Storch and Whitehurst (2002), who studied a lowaseconomic sample, and Hulme et al.
(2015), who presented findings from a mixed samplehildren at family risk of dyslexia or
with preschool language difficulties. Taken togethieese studies highlight the importance of
a broad focus on language skills from an early bgth for children at risk and for typically
developing children.
4.2 Relationships between Linguistic Comprehension Skills and Reading
Comprehension

The current study confirms a key role of linguistamprehension skills in the
development of reading comprehension. A considieding across the 42 studies in the
MASEM models was that there was a moderate relgtiprbetween linguistic
comprehension and reading comprehension. Howdweguerage relationship across these
studies was weaker than that found in many prirsaugties using latent variables. There may

be several explanations for this. One is that mb#te children in these studies were young
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readers, in Grade 3 or below, and English speaKihgs, at that age and in an inconsistent
orthography such as English, many children will b& struggling to master fluent word
recognition skills (Caravolas, Lervag, Defior, M@lid, & Hulme, 2013) and have not yet
reached the stage at which language comprehensinescinto play as a major determinant
for reading comprehension (Hjetland, Lervag, Lystagtvet, Hulme, & Melby-Lervag.
2018; Lervag et al., 2017). This interpretatiostipported by the moderator analyses, which
indicated that the relationship between readingmefmension and linguistic comprehension
is stronger in older readers. Another possibleaation is that due to the limited set of
measures in primary studies, the latent lingusbimprehension variable here only included
measures of two aspects of language ability (vdeapand grammar). In the individual
studies that reported the strongest relationshepsden reading comprehension and linguistic
comprehension, the latent linguistic comprehensamable typically included loadings from
a wider range of measures, including inferencdsskdifferent aspects of vocabulary, such as
receptive and expressive vocabulary, and listeocargprehension (Storch & Whitehurst,
2002; Foorman et al., 2015; Lervag et al., 201RAusT the latent variable in the present study
was narrower than in some previous studies, asdihly have reduced the strength of its
correlation with reading comprehension.
4.3 Relationship among Background Variables, Domain-General Skillsand Reading
Comprehension

We found a moderate correlation between socio-@oomnbackground variables and
reading comprehension. SES was determined withge laariety of measures (e.g., parental
educational level, occupation, free/reduced schowh and other broader measures, such as
number and use of books at home etc.), but thidtress consistent across studies. One
explanation for this relationship is that educatidvackground affects the home literacy

environment provided to the children (Hoff, 2008hwever, it is also likely that at least part
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of the relationship between parental backgroundsomes and children’s reading
comprehension can be accounted for by heritableentes and is not purely a direct
influence from parental education and the homeslitg environment on children’s reading
comprehension (van Bergen, van Zuijen, Bishop, &aleg, 2017; Puglisi, Hamilton, Hulme,
& Snowling, 2017). Domain-general skills, such asverbal IQ, also showed a moderate
correlation with reading comprehension, althoughdizes of such correlations varied widely
between studies’é ranged between -.05 and .61). For measures dfimgpmemory, non-
word repetition had a smaller correlation with iegccomprehension than the other
predictors we examined, while sentence repetittmwed a moderate correlation. The
magnitude of the correlation was in line with aamicmeta-analysis, which shows that
working memory correlated with reading comprehemgeng et al., 2018). However, Peng
et al. found that the relationship between workilmgmory and reading comprehension is
fully accounted for by word recognition skills anodcabulary. Because working memory
could not be included in the MASEM analyses, weld¢owt examine this here, but similar
findings have also been demonstrated in otheresudiervag et al., 2017).
4.4 Relationships between Linguistic Comprehension Skillsand Word Recognition Skills
Gough and Tunmer (1986) argued that the two comperad the simple view of
reading make independent contributions to readimyprehension, which is line with the
distinct linguistic comprehension and code-relgiathways we identified in the present
study. Yet, a different set of findings may nuanoe understanding of these component
skills. The individual studies reviewed here varyhe strength of the relationship found
between code-related predictors and linguistic aefmgnsion skills (Dickinson, McCabe,
Anastasopoulos, Peisner-Feinberg, & Poe, 2003; &&t$999). However, when synthesising
the 42 studies in our MASEM model, we found a gfroglationship between code-related

skills and linguistic comprehension. This resulgas$ with observations from recent studies
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demonstrating that early in development, theress@ng indireceffect of linguistic
comprehension skills on word recognition via lédeund skills (Hjetland et al., 2018; Hulme
et al., 2015). Thus, linguistic comprehension @edhe foundation for both code-related
skills and word recognition.

Our MASEM results show an indirect path to readingiprehension from code-
related skills through word recognition. This sugipahe idea that the foundations for word
recognition are created in early childhood andumm &ffect reading comprehension (Hjetland
et al., 2018; Storch & Whitehurst, 2002). This ttealso supports findings from previous
studies showing that poor word recognition skitisl @oor code-related skills prior to reading
instruction can act as a bottleneck that hamperslévelopment of reading comprehension
(Hjetland et al., 2018; Storch & Whitehurst, 2002).

4.5 The Influence of Assessment Type

In our models there were clear differences in thength of the path estimates
associated with the use of open-ended and multipbéce question formats. Reading
comprehension measures with open-ended questiomseda stronger relationship with
linguistic comprehension in preschool compared withitiple-choice tests. This finding is in
line with studies showing that tests using a mldtghoice format allowed children to answer
test questions based on background knowledge witeading the passage (Keenan &
Betjemann, 2006) and that tests with open-endedtiques are more dependent on linguistic
comprehension skills than tests with multiple-clkeasc a cloze procedure (Keenan,
Betjemann, & Olson, 2008). Importantly, most of ghedies in our analysis measured reading
comprehension by using different editions of theddkmck-Johnson test battery. This may
limit the operationalisation of the theoreticaldaa comprehension construct and effect the

explained variance of the two components both énpitimary studies and reviews. Thus, the
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type of reading comprehension measure can potgriiale a large impact on the
conclusions reached in a study.
4.6 Methodological Reflections

Besides synthesizing correlations, quantifyinglibveen-study variation, and
explaining this variation by study features in finst part of our study, we tested a specific
model that represented the simple view of readirnte second part. As noted earlier, when
multiple correlations between multiple variables synthesized (i.e., correlation matrices),
their multivariate nature must be considered touritvent severe bias in the parameters of the
tested models (Cheung, 2015). This step, howeegqujmed positive definite correlation
matrices and ultimately reduced the pool of avégdnimary studies. On the one hand, this
reduction of the overall sample size can be comnsdla key limitation of the MASEM
approach we have taken (i.e., the TSSEM approash),limits not only the accuracy of the
pooled correlation matrices but also the possigdito examine moderation effects through,
for instance, subgroup analyses (Jak & Cheung, R&Rsearchers should therefore be aware
that aggregating multiple correlations in the fgtige of the TSSEM approach can reduce the
number of studies included in their meta-analysteseover, results obtained from this
approach and those obtained from aggregating niltiprrelations through separate meta-
analyses (i.e., the so-called univariate appro@tieung, 2015) may not be comparable and
are likely to show substantial differences (Cheé&ndong, 2017). On the other hand,
excluding correlation matrices from the pool ofnpary studies is necessary for both the
pooling of correlation matrices (stage-1 TSSEM) Hradspecification of any structural
equation model (stage-2 TSSEM,; see also Jak, 2018ct, including correlation matrices
that do not fulfil this criterion can not only rdsin estimation or convergence issues in both
TSSEM stages, but also compromise the validityasdmeter and model interpretations

(Cheung, 2015).
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Overall, despite its current limitations, corretatibased MASEM through TSSEM
represents a valuable approach to testing hypahessed on structural equation models
(Cheung & Cheung, 2016)—"valuable” because (apitectly aggregates multiple
correlations between multiple variables extractedhfthe primary studies, (b) it allows
researchers to test and compare structural equattaiels, (c) it is based on the correct
sample sizes (as opposed to the univariate apptbatfs typically based on the harmonic
mean of the sample sizes reported in the primadiet). TSSEM, as a correlation-based
MASEM approach, brings together meta-analysis anttsiral equation modelling and
addresses the shortcomings of existing approattieselieve that future methodological
research will extend the repertoire of types aictiral equation models (e.g., allowing for
the inclusion of latent interaction terms) and aweathe field of quantitative meta-analyses.
4.7 Implicationsfor Instruction and Recommendationsfor Future Studies

Our study has several important messages and itiplis for educational practice.
First, we have established that reading comprebergiows out of skills established at an
early age. Thus, in Grade 1, there are already ldifferences between children in their
abilities that are prerequisites for learning tadceRandomised controlled trials have also
demonstrated that language skills can be improeéaoré starting school through small group
language teaching (Hagen, Melby-Lervag, & Lervdl), 2 Rogde, Melby-Lervag, & Lervag,
2015; Fricke, Bowyer-Crane, Haley, Hulme, & Snowgli2013). Moreover, after starting
school, it is vital to ensure that children develogl-functioning word recognition skills,
because poor word recognition creates a bottleftedke development of reading
comprehension. In short, our study shows cleady phogrammes aimed at providing
language enrichment for children in the preschealry are likely to have beneficial effects

on the development of both word recognition andireggacomprehension.
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In addition, our review detected risks of biaseweral primary studies due to low
statistical power, attrition, reliability issuesdatime lack of quality of assessment instruments.
Although replication problems have received mordion in experimental studies (Open
science Collaboration, 2015), replication is alsbaal to longitudinal studies. Despite the
limitations associated with their design, longinaliobservation studies still create a vital
foundation for generating hypotheses and refinmegties that can be tested in randomised
controlled trials. Thus, it is important that thenclusions of longitudinal studies be reliable.
A recent recommendation pointed out that, for olegérnal studies of clinical groups and in
educational research, large samples and the Uateaf variables are critical to avoid bias
(Tackett et al., 2017). Based on the risks of HEmonstrated in this review, this is an
important recommendation for future studies to emswir knowledge base is as robust as

possible.
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Tables

Table 1

Average correlations between the outcomes readingpcehension and word decoding and the predictors

Outcome Predictor Number of  Average Average age Variation in Heterogeneity
variable studies (k) correlation range between correlations (12) with
and study with 95 % measurement  reported in the significance test
participants  confidence occasions of the studies of heterogeneity
(ny) intervals predictor and (minimum and
the outcome maximum r)
variable [years]
Reading Phoneme 36 (6,626) 40 [.36, .44] 5.5-8.4 -.05t0.73 7
comprehension awareness
Rhyme 15 (1,741) 39[.32,.45] 5.3-8.3 .17 to .63 Y %]
awareness
Letter 26 (3,869) 42 [.38, .46] 5.6-9.0 -.13to0 .67 iy, i
knowledge
Rapid naming 17 (3,746) -34[-.41, -.28.6-8.4 -.551t0.15 71.5 %**
Vocabulary 45 (5,907) 42 [.38, .46] 5.2-9.0 -.4387 71.3 %**
Grammar 16 (1,857) 41 [.32, 49] 5.2-8.1 .15t0 .65 76.5 %**
Sentence 9 (1,237) .36 [.23, .47] 5.3-9.1 .05 to .56 81.5%*
memory
Non-word 7 (841) 17 [.10, .23] 5.2-8.3 -.01t0.25 0.0%
repetition
Non-verbal 21 (11,632) .35[.30, .41] 5.5-8.7 -.05t0 .61 .8
intelligence
Socio-economic 12 (1,595) .36 [.30, .41] 5.5-8.9 .10 to .46 31.0%
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Word
recognition

status
Phoneme
awareness
Rhyme
awareness
Letter
knowledge
Rapid naming

28 (4,772)
13 (1,662)
16 (2,432)

14 (3,285)

37[.31,.43] 5.4-8.0
32[.24,.40] 5.4-85

38[.31-45] 5.6-8.2

-.37 [-.44, -.4%.4-8.0

.01to0 .78

.14 to .62

-.04 10 .62

-.551t0.28

739 %

673 %

B’z

76.3 %**

Note.** p <.01.
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Table 2

Continuous Moderator analysis

Correlationswith reading Age initial assessment Age at rl\g;)gi?\r; ta(l)srsessment nthglof reading instruction at
comprehension reading assessment

B R? k p-value B R? k p-value R? k p-value
Phoneme awareness .0014 .00 36 .634 .0006, .00 36 .618 .0012.00 36 254
Rhyme awareness -.0051 19 15 241 .0039* .43 15 .012 .0027 .09 15 .063
Letter knowledge -.0051 .09 26 .063 -.0005 .00, 26 544 -0002 .00 26 784
Rapid naming .0087 .00 17 352 -.0028 .30 17 .075 -.003244 17 .012
Vocabulary -.0018 .07 45 394 -.0001 .00 45 945 .0010 .05 43 229
Grammar -.0007 .00 16 .893 .0012, .00 16 560 .0011 .00 16 562
Sentence repetition .0018 .00 9 .852 .0034* .46 9 .042 .0028 .27 9 115
Nonverbal intelligence -.0104** .52 21 <.001 .0010 .00 21 .388 .0017 .00 21 077

Note.* p< .05, *p < .01.
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Table 3

Pooled correlation matrix under a random-effectsdeldk = 42 correlation matrices,

m = 222 correlations, N = 6,696 children)

PHONEME LK VOC GRA
LK
r 45*
95 % ClI [.40, .50]
7 0.0035
SHtY) 0.0026
12 38.7 %
VOC
r .33* 33*
95 % ClI [.27, .38] [.28, .38]
7 0.0058 0.0029
SHtY) 0.0036 0.0038
12 50.6 % 32.3%
GRA
r .39* 34* A2%
95 % ClI [.31, .47] [.26, .41] [.36, .48]
72 0.0051 0.0027 0.0007
SHtY) 0.0048 0.0038 0.0026
12 45.3 % 29.8 % 10.9 %
WDEC
r A43* A49* 34* 34*
95 % ClI [.39, .48] [.45, .52] [.29, .38] [.26, .41]
72 0.0051 0.0002 0.0023 0.0029
SHtY) 0.0029 0.0008 0.0023 0.0044
12 48.9 % 3.4% 28.1 % 31.7 %
RC
r A3* A42% A2% .36% 73*
95 % ClI [.38, .47] [.39, .46] [.36, .47] [.27, .44] [.67,.79]
72 0.0079 0.0001 0.0143 0.0084 0.0218
SH7?) 0.0035 0.0017 0.0054 0.0059 0.0071
12 62.5 % 0.0% 75.2 % 58.1 % 95.6 %

Note.Phoneme = phoneme awareness, LK = letter knowladQ€, = vocabulary and
listening comprehension (verbal ability), GRA =mraar, WDEC = concurrent word
decoding, RC = reading comprehensior;aggregated correlatiotf, = variance between
correlation matrices (i.e., study sample$); heterogeneity coefficient based on @e
statistic (Higgins & Green, 2011). Wald’s confidenintervals (ClIs) are shownp*< .05
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\
} [Identification
J

} [Screening

Records identified through the
initial database search

Additional records identified
through updating the database

[Included

(n=3279) search
(n=6)
v v
Records after duplicates removed
(n=2498)
R Records excluded
Records screened (Abstract) - (n= 1393)
(n=2498)
Full-text articles assessed Full-text articles excluded,
for eligibility with reasons
(n=1105) (n=1042)
1. Did not report
correlations: 327
Y 2. Did not include a
Articles included in measure of reading
guantitative synthesis comprehension: 514

(n=63)

(meta-analysis)

3. Did not include one of
the predictors: 32

Figure 1. Flow chart of the inclusion and exclusion of studies.

4. Did not report data
from both preschool and
school: 101

5. Sample was not mainly
typically developing
children: 37

6. Not a longitudinal, non-
experimental study: 31
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Study name Correlation and 95% Cl

Wolter, Seff, & Apel, 2011 i

Blackmore & Pratt, 1997 +
Fricke, Szczerbinski, Fox-Boyer, & Stackhouse, 2016 -
Tunmer, Herriman, & Nesdale, 1988 =1
Bianco, Pelleng, Lambert, Bressoux, et al., 2012
Katz & Ben-Yochanan, 1990 -
Pike, Swank, Taylor, Landry, et al., 2013 -
Schatschneider, Fletcher, Francis, Carlson, et al., 2004
Chaney, 1998

Stevenson & Newman, 1986

Aram & Levin, 2004

Kurdek & Sinclair, 2001

Sears & Keogh, 1993

Cronin & Carver, 1998

Leppanen, Aunola, Niemi, & Nurmi, 2008

Shatil & Share, 2003

Lerkkanen, Rasku-Puttonen, Aunola & Nurmi, 2004
Sawyer, 1992

Hannula, Lepola & Lehtinen, 2010

Lepola, Lynch, Kiuru, Laakkonen & Niemi, 2016

O'Nelll, Pearce, & Pick, 2004

Bartl-Pokorny, Marschik, Sachse, Green et al., 2013
Aram, Korat, & Hassunah-Arafat, 2013

Hulme, Nash, Gooch. Lervég et al., 2015

Bryant, MacLean, & Bradley, 1990

Badian, 1994

Hecht, Burgess, Torgesen, Wagner et al., 2000
Silva & Cain, 2015

Uhry, 2002

Aarnoutse, van Leeuwe, & Verhoeven, 2005

Adlof, Catts, & Lee, 2010

Guagjardo & Cartwright, 2016

Lepola, Niemi, Kuikka, & Hannula, 2005

Bowey, 1995

Muter, Hulme, Snowling, & Stevenson, 2004

Durand, Loe, Yeatman, & Feldman, 2013

Sénéchal & LeFevre, 2002

NICHD, 2005

Flax, Realpe-Bonilla, Roesler, Choudhury, et al. 2009
Badian, 2001

Dickinson & Porche, 2011

Kirby, Deacon, Bowers, |zenberg, et al., 2012

Roth, Speece, & Cooper 2002

Prochnow, Tunmer, & Chapman, 2013

Sénéchal, 2006 —il—

bttt

-1,00 -0,50 0,00 0,50

Figure 2. The correlation between vocabulary and reading comprehension.
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Study name Correlation and 95%ClI

Sawyer, 1992 e 3
Schatschneider, Fetcher, Francis, Carlson et al., 2004 -
Fricke, Szczerbinski, Fox-Boyer, & Stackhouse, 2016 —il—
Chaney, 1998

Tunmer, Herriman, & Nesdale, 1988
Blackmore & Pratt, 1997

Hulme, Nash, Gooch, Lervag et al., 2015
Bowey, 1995

Rego, 1997

Casalis & Louis-Alexandre, 2000
Prochnow, Tunmer & Chaprman, 2013
Shatil & Share, 2003

Siva & Cain, 2015

Adlof, Catts, & Lee, 2010

Bryant, MacLean, & Bradley, 1990

Roth, Speece, & Cooper 2002

J.-L++{L++

-1,00 -050 0,00 0,50 1,00

Figure 3. The correlation between grammar and reading comprehension.
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Lerkanen, Rasku-Puttonen, Aunola, & Nurmi, 2005
Bishop, & League, 2006

Naslund & Schneider, 1996

Lepala, Lynch, Kiuru, Laakionen, & Niemi, 2016
Schatschneider, Fletcher, Francis, Carlson, et al., 2004
Hecht, Burgess, Torgesen, Wagner et al., 2000
Adlof, Catts, & Lee, 2010

Sawer, 1992

Leppénen, Aunola, Niemi, & Nurmi, 2008

Sears & Keogh, 1993

Sénéchal & LeFewre, 2002

Aram, Korat, & Hassunah-Arafat, 2013

Piasta, Petscher, & Justice, 2012

Aarnoutse, van Leeuwe, & Verhoeven, 2005
Karlsdoattir & Stefansson, 2003

Shatil & Share, 2003

Fricke, Szczerbinski, Fox-Boyer, & Stackhouse, 2013
Parrila, Kirby, & McQuarrie, 2004

Sénéchal, 2006

Bowey, 1995

Morris, Bloodgood, & Perney,2003

Stevenson & Newman, 1986

Tunmer, Herriman, & Nesdale, 1988

Prochnow, Tunmer, & Chapman, 2013

Badian, 1994

Muter, Hulme, Snowling, & Stevenson, 2004

-1,00

Correlation and 95% CI

0,00

J.—H+++++++++T

1,00

Figure 4. The correlation between letter knowledge and reading comprehension.
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Bowey, 1995
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Roth, Speece, & Cooper, 2002

Cronin & Carver, 1998
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Correlation and 95% Cl
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Figure 5. The correlation between phoneme awareness and reading comprehension.
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Statistical power
Latent variables
Missing data
Attrition

Floor or ceiling effect
Test reliability

Instrument quality

Selection
Sampling
10 20 30 40 50 60 70
. . Instrument Test Floor or " _— Latent Statistical
Sampling | Selection . L . Attrition |Missing data .
quality reliability |ceiling effect variables power

=0 (Low risk) 34 17 19 36 49 9 4 16
i 1 (Higher risk) 30 44 11 28 15 55 60 28
" 2 (High risk) 3 34 20

Number of studies

=0 (Low risk)
B 1 (Higher risk)
= 2 (High risk)

Figure 6. Study quality in the included studies.
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C Letter

52
46, 58
knowledge Code- 69 0[4 58]
related .65, .74] ,| Concurrent word
. decoding
skills
Phoneme 66
[.62,.71]
77 .56
C\ 65 [.69, -84] [.46, .66] »
Vocabulary 59, 71] Y Q [-34, -46]
R Reading
31 comprehension

G

66 [.22, .41]

Grammar .
[.59, .73]

Figure 7. Meta-analytic structural equation model describing the pathways of reading comprehension for the overall sample of studies.

Note. 95% confidence intervals are shown in brackets.
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(a)
1
.68
C Letter [.62, 74] Q [.5655.;65]
knowledge Code- .65 ’
lated [.59, -70] R Concurrent word
r:lglles decoding
Phoneme 66
[.60, .71]
71 .55
73 [.61, .81] [.45,.63] 38
Vocabulary .64, 81] v Q [-32, .45]
R Reading
37 comprehension
Grammar [.4;?66] (27, .47]
(b) '
1
70
C Letter [.64,.77] Q [.43(.)58]
knowledge Code- 71
related [.64,.771 | Concurrent word
C skills decoding
Phoneme 63
[.56, .70]
.84 .60
C\, 55 [.73,-97] [.38,.78] 41
Vocabulary .47, 64] y Q [.28, .51]
Reading
C .25 comprehension
Grammar 69 [.08, .42]
[.59, .80]

Figure 8. Multi-group, meta-analytic structural equation model describing the
pathways of reading comprehension for (a) early reading, and (b) later reading.

Note. 95% confidence intervals are shown in brackets.
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rekq‘;le decoding
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Reading
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Figure 9. Multi-group, meta-analytic structural equation model describing the

pathways of reading comprehension for (a) multiple-choice, and (b) open-ended

assessments of reading comprehension.

Note. 95% confidence intervals are shown in brackets.



Highlights
* Moderate longitudinal correlations between skillsin preschool and later reading
comprehension

» Code-related skills and linguistic comprehension are separable predictors of later
reading comprehension

» Twodistinct but related pathways from preschool language to reading comprehension
in school

* Linguistic comprehension has a key role in the development of reading comprehension



