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We conducted a meta-analysis to investigate reading-writing relations.
Beyond the overall relation, we systematically investigated moderation of
the relation as a function of linguistic grain size (word reading and spelling
versus reading comprehension and written composition), measurement of
reading comprehension (e.g., multiple choice, open-ended, cloze), and writ-
ten composition (e.g., writing quality, writing productivity, writing fluency,
writing syntax), and developmental phase of reading and writing (grade
levels as a proxy). A total of 395 studies (k = 2,265, N = 120,669) met inclu-
sion criteria. Overall, reading and writing were strongly related (r = .72).
However, the relation differed depending on the subskills of reading and
writing such that word reading and spelling were strongly related (r =.82)
whereas reading comprehension and written composition were moderately
related (r =.44). In addition, the word reading-spelling relation was stronger
for primary-grade students (v =.82) than for university students/adults
(t =.69). The relation of reading comprehension with written composition
differed depending on measurement of reading comprehension and written
composition—reading comprehension measured by multiple choice and
open-ended tasks had a stronger relation with writing quality than reading
comprehension measured by oral retell tasks,; and reading comprehension
had moderate relations with writing quality, writing vocabulary, writing
syntax, and writing conventions but had weak relations with writing produc-
tivity and writing fluency. Relations tended to be stronger when reliability
was higher, and the relation between word reading and spelling was stron-
ger for alphabetic languages (v = .83) than for Chinese (v = .71). These
results add important nuances about the nature of relations between reading
and writing.
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Comprehending and producing written texts involve the “interplay of mind
and text that brings about new interpretations, reformulations of ideas, and new
learnings” (Langer, 1986, pp. 2-3). They both involve processing print and mean-
ing, and, therefore, it is reasonable to hypothesize that reading and writing skills
are related and that individuals who read well also write well, and those who write
well also read well (Fitzgerald & Shanahan, 2000; Kim, 2020a; Shanahan, 2016).
In the present study, we conducted a meta-analysis to summarize reading-writing
relations. Specifically, based on a theoretical model of reading-writing relations,
the interactive dynamic literacy model (Kim, 2020a, 2022), we systematically
examined whether reading-writing relations differ by several important factors:
(a) linguistic grain size (units or chunks of language, such as sublexical, lexical,
and discourse units), specifically lexical literacy (word reading and spelling) ver-
sus discourse literacy (reading comprehension and written composition); (b) mea-
surement/assessment of reading comprehension (cloze task, multiple choice,
open-ended, and retell) and written composition (writing quality, writing produc-
tivity, writing fluency, writing syntax, writing vocabulary, and writing conven-
tions); and (c) developmental phase of reading and writing development (e.g.,
emergent reading, early reading, advanced) using grade levels as a proxy.

Theoretical Background

Theoretical models of writing such as the cognitive model of writing (Hayes,
1996) and the direct and indirect effects model of writing (Kim, 2020b) explicitly
recognize the interactions between the reading process and writing process.
Writing often involves reading source texts and reading one’s own text during a
revision process, and, therefore, constructing an accurate and rich representation
of meaning of source texts or one’s own texts (reading comprehension) is a central
part of the writing process (Deane et al., 2008; Hayes, 1996; Kim & Graham,
2022).

Several hypotheses have been proposed for the relation between reading and
writing skills (Shanahan, 2016). According to one account, reading and writing
are related because they are functionally related—reading activities often require
writing, and writing activities also accompany reading (Langer & Applebee,
1987). Another line of work explains reading-writing relations with a focus on
shared knowledge that reading and writing draw on. According to the shared
knowledge hypothesis (Fitzgerald & Shanahan, 2000), the reading and writing
relation exists because reading and writing largely share common sources of
knowledge. For example, they both draw on metaknowledge about functions and
purposes of reading and writing, as well as monitoring one’s own meaning-mak-
ing processes and strategies. Reading and writing also involve domain knowledge
about substance and content; linguistic knowledge (vocabulary); and procedural
knowledge such as how to access, use, and generate knowledge and smoothly
instantiate various processes.

The interactive dynamic literacy model (Kim, 2020a, 2022) articulates
shared skills and knowledge between reading and writing, specifying shared
skills by linguistic grain size: lexical literacy skills, word reading and spelling,
and discourse literacy skills—reading comprehension and written composition.
Word reading and spelling are related because they involve essentially the same
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processes and skills, phonology, orthography, and morphology (Adams, 1990;
Bahr et al., 2012; Kim, 2020a) as well as domain-general cognitions such as
working memory and attentional control (Kim, 2020a). The discourse literacy
skills reading comprehension and written composition are related because they
both involve meaning-making processes and draw on language skills, such as
vocabulary, syntactic knowledge, and discourse oral language skills (listening
comprehension and oral production; e.g., Ahmed et al., 2014; Berninger &
Abbott, 2010; Kim & Graham, 2022); higher order cognitions such as inference,
perspective taking, and self-regulation (e.g., setting goals and monitoring one’s
comprehension and performance; Cain et al., 2004; Graham & Harris, 2003;
Kim & Schatschneider, 2017); background knowledge such as topic knowledge
and discourse knowledge (knowledge about characteristics of different genres
and about procedures and strategies to present content appropriate for the genre;
e.g., Kim, 2020b; Olinghouse & Graham, 2009); and domain-general cognitive
skills (Berninger & Winn, 2006; Berninger et al., 2010; Kim & Graham, 2022).

Beyond the shared skills between reading and writing, the interactive dynamic
literacy model has hypotheses about structural relations. Directly relevant to the
present study is the dynamic relations hypothesis, which states that the magni-
tudes or strengths of reading-writing relations differ by linguistic grain size (i.c.,
lexical vs. discourse skills), measurement of reading comprehension and written
composition (e.g., reading comprehension tasks and dimensions of written com-
position), and developmental phase (e.g., early vs. later phase of reading and writ-
ing development).

Linguistic Grain Size

According to the interactive dynamic literacy model (Kim, 2020a, 2022), lexi-
cal literacy skills, word reading and spelling, are hypothesized to be more strongly
related than are discourse literacy skills, reading comprehension and written com-
position (i.e., dynamic relations as a function of linguistic grain sizes). Word read-
ing and spelling have stronger relations because they essentially involve the same
processes; although, the sequence of processes is different—word reading
involves retrieving letters and graphemes and their associated phonological
(speech sound structures such as syllables, rimes, and phonemes) and morpho-
logical (morphemes, the smallest unit of meaning) information whereas spelling
involves retrieving phonological and morphological information, mapping them
with graphemes (letters and groups of letters that represent a phoneme), and then
assembling and writing them in the correct sequence (Ehri, 1997; Kim, 2022). As
such, word reading and spelling rely on essentially the same set of skills—that is,
phonological, orthographic, and morphological awareness (Adams, 1990; Bahr
et al., 2012; Kim, 2020a). If word reading and spelling draw on a limited number
of the same skills and their processes are highly similar, they are likely to be
strongly related such that students who have a strong word reading skill have a
high likelihood of having a strong spelling skill, and those with a weak word read-
ing skill have a high likelihood of having a weak spelling skill (Berninger et al.,
2008; Graham et al., 2021; Kim, 2020a, 2022).

It should be noted that the hypothesis of a strong relation between word read-
ing and spelling does not entail that they are identical skills (Kim, 2022). In most
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languages with alphabetic writing systems, phoneme-grapheme correspondences
are less consistent than for grapheme-phoneme consistency (Moll & Landerl,
2009). Word reading is a receptive skill where the primary task is to recognize and
retrieve grapheme-phoneme/morpheme correspondences whereas spelling is an
expressive skill that requires encoding phoneme and morpheme information to
graphemes in an accurate sequence and formation. For example, reading/decod-
ing words with r-controlled vowels, such as &er; bird, and surf, requires recogniz-
ing the -er, -ir, and -ur orthographic patterns for /2/, and therefore one can
successfully read words using partial cues or incomplete mental representations
of orthographic knowledge. In contrast, accurately spelling these words requires
precise representation and retrieval of word-specific orthographic knowledge
(Ehri, 1997; Shanahan, 2016). Evidence also suggests dissociation between word
reading and spelling skills. For example, working with a representative sample of
German-speaking elementary school children, and using the same words for word
reading and spelling tasks, Moll and Landerl (2009) identified students who had
discrepant profiles between word reading and spelling: good readers/poor spellers
and poor readers/good spellers. Evidence also revealed subgroups with isolated
reading difficulties, isolated spelling difficulties, and combined reading and spell-
ing difficulties for children learning to read English and other European languages
(Furnes et al., 2019; Moll & Landerl, 2009; Torppa et al., 2017, Wimmer &
Mayringer, 2002).

The relation between reading comprehension and written composition is
expected to be more moderate than the word reading-spelling relation because
their processes are more divergent, and the processes differently tap into skills
and knowledge (Kim, 2020a, 2022). For example, one prominent difference
between reading comprehension and written composition is whether or not the
text is provided or generated. In reading comprehension, the text is given to read-
ers and, although the reader activates relevant topic knowledge and engages in
meaning-building and meaning-generating processes, the extent of meaning-
making is confined by the given text. Therefore, readers focus on comprehension
and validation of the given text (Langer, 1986; Langer & Flihan, 2000). Writers,
on the other hand, generate a text, and, therefore, writers are more concerned
with setting goals and subgoals and generating texts and associated aspects such
as mechanics, syntax, and lexical choices (Langer & Flihan, 2000). These differ-
ences in reading comprehension and written composition require readers and
writers to differentially tap self-directed processes and to employ nonautomatic
strategies and corrective/repair actions in reading comprehension versus written
composition. Consequently, although both reading comprehension and written
composition involve meaning-building and meaning-generating processes, their
relation is hypothesized to be weaker than that for word reading and spelling
(Kim, 2020a, 2022).

Measurement of Reading Comprehension and Written Composition

The interactive dynamic literacy model (Kim, 2020a, 2022) hypothesizes that
reading-writing relations vary as a function of the measurement of constructs,
reading comprehension and written composition in particular (i.e., dynamic rela-
tions as a function of measurement). Reading comprehension and written



composition are complex constructs. As such, they are measured in multiple
ways. Reading comprehension is widely measured by using multiple-choice,
open-ended, cloze, and retell tasks, and studies have shown a varying degree of
relations among them (e.g., Cao & Kim, 2021; Francis et al., 2005; Howell &
Nolet, 2000; Keenan et al., 2008; Kim, 2020c; Nation & Snowling, 1997). In
multiple-choice and short open-ended tasks, individuals read passages and are
asked to answer questions designed to tap into the readers’ representation of
explicitly stated information (literal comprehension questions) and implicit infor-
mation (inferential comprehension questions) as well as the readers’ evaluation of
information (evaluation question; Mazany et al., 2015). In cloze tasks, every nth
word (typically 5th or 7th word) in the passage is omitted, and individuals are
required to fill in the blanks with the words that were deleted. In retell tasks, indi-
viduals are asked to retell verbally or to write what they read after passages.
Research suggests that reading comprehension tasks vary in the extent to which
they tap into comprehension processes. Multiple choice tasks, for example, can
tap into deep or inferential comprehension when constructed well (Mazany et al.,
2015), whereas cloze and retell tasks are limited in tapping into inferential or
higher order integration processes (Cao & Kim, 2021; Francis et al., 2005; Howell
& Nolet, 2000; Keenan et al., 2008; Nation & Snowling, 1997).

Like reading comprehension, written composition is measured in multiple
ways. Written composition is one of the most widely used performance-based
assessments and is evaluated on multiple dimensions, such as quality and conven-
tions (Kim et al., 2014, 2015). Writing quality is the presumed construct in theo-
retical models of writing and is typically evaluated for the extent to which ideas are
coherent and clearly represented, organized using rich and appropriate vocabulary
and sentences, and presented with appropriate writing conventions (e.g., Coker
et al., 2018; Graham et al., 2002; Hooper et al., 2002). Beyond writing quality,
other dimensions are also widely evaluated, including productivity, fluency, vocab-
ulary use, syntax, and conventions. Writing productivity refers to the amount of
texts in written composition and is typically measured by the number of words or
sentences (e.g., Abbott & Berninger, 1993; Berman & Verhoevan, 2002; Kim et al.,
2011; Mackie & Dockrell, 2004; Olinghouse & Graham, 2009). Writing fluency
refers to the amount of text written within a specified time (e.g., 1 minute or 3
minutes; Ahmed et al., 2014; Babayigit & Stainthorp, 2011; Kim et al., 2015).
Writing productivity and fluency are not regarded as the ultimate outcomes of writ-
ing, but they are widely used as indicators of writing quality for developing writers
because of their moderate to fairly strong relation to writing quality (e.g., Abbott &
Berninger, 1993; Kim et al., 2011, 2014; Mackie & Dockrell, 2004; Wagner et al.,
2011) and their utility for screening and progress monitoring purposes (Graham
et al., 2011; McMaster & Espin, 2007). Additionally, studies have investigated
language features in written composition, such as vocabulary use (e.g., the extent
of sophisticated vocabulary and vocabulary diversity; Malpique et al., 2020;
Olinghouse & Leaird, 2009; Shanahan, 1980) and sentences and syntax in writing
(e.g., syntactic complexity, text cohesion, and diversity of sentence structures;
Malpique et al., 2020; Shanahan, 1980; Smith, 2011). Lastly, the extent to which
writing conventions such as capitalization, punctuation, and spelling are accurately
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employed is widely evaluated (Kim et al., 2014; Malpique et al., 2020; Smith,
2011).

Studies have shown that the various dimensions of written composition noted
previously are related but dissociable (Coker et al., 2018; Kim et al., 2014, 2015;
Puranik et al., 2008; Wagner et al., 2011). Furthermore, they differentially tap into
skills and knowledge (e.g., language, transcription skills). For instance, whereas
writing quality draws on a comprehensive set of skills such as transcription skills,
language and cognitive skills, and background knowledge (e.g., Abbott &
Berninger, 1993; Berninger & Abbott, 2010; Coker, 2006; Graham & Santangelo,
2014; Kim, 2020b; Kim & Graham, 2022; Santangelo & Graham, 2016), writing
productivity largely relies on transcription skills (Kim & Graham, 2022; Kim
et al.,, 2014, 2015). Based on these findings, the interactive dynamic literacy
model (Kim, 2020a, 2022) hypothesizes that the relation between reading com-
prehension and written composition varies depending on the measurement of
reading comprehension and written composition: reading comprehension is dif-
ferentially related to written composition as a function of dimensions of written
composition, and written composition is differentially related to reading compre-
hension depending on the type of reading comprehension tasks. For example,
reading comprehension is hypothesized to have a stronger relation with writing
quality than with writing productivity or writing fluency (Kim, 2020a, 2022).
Reading comprehension captures one’s representation of a coherent mental model
of the text (Kintsch, 1988). Of the various dimensions of written composition,
writing quality is the one that captures overall quality of rich, accurate, clear, and
coherent representation of ideas. Hence, writing quality is expected to be more
strongly related to reading comprehension than writing productivity or writing
fluency, and a recent study with grade 2 children supported this hypothesis (Kim
& Graham, 2022). Similarly, if multiple choice and short open-ended tasks more
readily tap into deep comprehension than cloze or retell tasks, reading compre-
hension measured by multiple choice and short open-ended tasks are likely to
have a stronger relation with writing quality than reading comprehension mea-
sured by cloze or retell tasks.

Developmental Phase of Reading and Writing

The interactive dynamic relations model also posits dynamic/differential rela-
tions as a function of developmental phase (Kim, 2022). According to this hypoth-
esis, the magnitudes of reading-writing relations vary depending on the
developmental phase. Specifically, word reading and spelling are hypothesized to
have a stronger relation in the beginning phase than a later phase of development. In
the early phase, the majority of individuals are beginning to develop word reading
and spelling skills relying on the phonological, orthographic, and morphological
processes whereas at a later phase of development, many individuals would have
developed sufficient skills and reach asymptotes in word reading and spelling. This
entails less variation between individuals at an advanced phase of word reading and
spelling development and, therefore, a weaker relation than in the beginning phase
of word reading and spelling development. In contrast, reaching asymptotes is not
expected in reading comprehension and written composition because these skills
continue to develop into adulthood (Chall, 1983; Kellogg, 2008).



Multifaceted Reading-Writing Relations
Present Study

The goal of this study was to systematically capture the relation between read-
ing and writing, examining whether the magnitude of the relation varies as a func-
tion of linguistic grain size, measurement of reading comprehension and written
composition, and developmental phase of reading and writing proxied by grade
levels. The following were specific research questions.

1. What is the overall magnitude of the relation between reading and
writing?

2. How are different subskills of reading (word reading, text reading fluency,
reading comprehension) and writing (spelling and written composition)
related to one another? Does the relation differ as a function of linguistic
grain size (word reading and spelling versus reading comprehension and
written composition)?

3. Does the relation between reading comprehension and written composi-
tion vary as a function of the types of reading comprehension tasks (e.g.,
multiple choice, open-ended responses, cloze, and retell) and dimensions
of written comprehension (writing quality, writing productivity, writing
fluency, writing syntax, writing vocabulary, and writing conventions)?

4. Does the relation differ as a function of the developmental phase of read-
ing and writing proxied by grade levels?

We hypothesized that the overall relation between reading and writing will be
at least moderate in magnitude. We also expected that the relation would be stron-
ger for word reading and spelling than for reading comprehension and written
composition as stated previously. Differential relations were anticipated between
reading comprehension and written composition depending on the types of read-
ing comprehension and dimensions of written composition. Reading comprehen-
sion as measured by multiple-choice and open-ended tasks was expected to have
a stronger relation with writing quality than does reading comprehension mea-
sured by cloze or retell tasks. Overall reading comprehension (across measures)
was posited to have a stronger relation with writing quality than with other dimen-
sions, such as writing productivity and writing conventions. Word reading and
spelling were expected to have a stronger relation in the earlier phase (e.g., ele-
mentary grades) than the later phase of development (e.g., university).

Method
Literature Search

The literature search was conducted on the following databases through
ProQuest: Educational Resources Information Center (ERIC), APA PsycInfo,
Sociological Abstracts, ProQuest Dissertations & Theses A&I, and ProQuest
Dissertations and Theses Global for studies printed between 1980 and 2021. A
complete list of search terms is found in the appendix. The year 1980 was chosen
because systematic empirical investigations on reading-writing relations began
during this time period (e.g., Shanahan & Lomax, 1986). Inclusion criteria were
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as follows: (1) word reading, text reading fluency (excluding reading prosody), or
reading comprehension was assessed; (2) spelling or written composition was
assessed; (3) a Pearson’s r correlation or raw data of reading and writing measures
were reported (excluding composite scores across skills such as word reading and
text reading fluency together); (4) intervention studies were included if pretest or
control condition data were reported, which were used in coding and analysis; and
(5) studies were reported in English—studies of languages and writing systems
other than English were included as long as they were reported in English. Studies
were not excluded based on publication status and therefore gray literature was
included. Reading prosody was not included in the present meta-analysis for two
reasons. First, to our knowledge, there is no theoretical account that specifies the
relation between reading prosody and writing. Second, although reading prosody
is part of a widely accepted definition of text reading fluency (i.e., reading con-
nected texts with accuracy, speed, and expression; National Institute of Child
Health and Human Development, 2000), the vast majority of previous work on
text reading fluency focused on text reading efficiency (e.g., the number of words
read correctly within a specified time), and reading prosody is rarely examined in
relation to writing. Spelling was defined as the ability to encode words according
to the orthographic system of a language, and therefore, word reading and spelling
had to involve reading/decoding and spelling/encoding of words, respectively, in
isolation or out of context, and spelling had to be a production task such that rec-
ognition of correct spelling (e.g., orthographic choice task) was not included as a
spelling task. Text reading fluency and reading comprehension had to involve
reading of connected texts: text reading fluency was primarily measured as the
number of words read correctly within a specified time, and reading comprehen-
sion tasks required individuals to read connected texts and answer comprehension
questions, retell the read texts, or fill in clozes. Written composition had to involve
producing connected texts (i.e., contrived tasks such as a grammar task and sen-
tence ordering were not included as written composition).

Titles, abstracts, and keywords were uploaded onto the meta-analytic online
software, Rayyan, and screened. First and second screening was conducted by the
second author and third author who were PhD students in education and had prior
experience in meta-analysis on the topic of literacy. Interrater reliability on the
first screening process (abstracts) was calculated based on 200 randomly selected
studies, yielding 95% exact agreement. In the second screening, full texts of the
included studies were examined. Using 150 randomly selected studies, exact
agreement was 94%. Disagreements in the first and second screening were resolved
through discussion. A total of 344 studies met inclusion criteria in database search.
In addition, the four journals with the most included studies (i.c., eight or more
studies) through database search, Reading and Writing (n = 34), Scientific Studies
of Reading (n = 12), Journal of Educational Psychology (n = 8), and Journal of
Learning Disabilities (n = 8), were digitally hand searched and screened. This
resulted in an additional 51 studies that met the inclusion criteria.

As shown in the PRISMA flow diagram (Figure 1), a total of 395 studies were
included in the final sample, which included 25 different languages (Arabic,
Cantonese, Circassian, Croatian, Danish, Dutch, English, Finnish, French,
German, Greek, Korean, Hebrew, Indonesian, Italian, Japanese, Malaysian,



Studies identified Duplicate studies
through database search removed
(n=28,757) (n=1,663)
Abstract, title, keywords
screened
(n=17,094) Excluded due to the
following:
(1) No Pearson’s »
(n=1,457)
(2) Article unavailable
Full studies screened (n=157)
(n=2,133) (3) Methodology (e.g.,
no pretest, data not
measured/unclear,
controlled for IQ,
timeline unclear,
3 duplicate sample)
Studies included from (n=175)
database search
(n=344)
Studies identified
I through journal search
(n=>51)
Studies included in
meta-analysis
(n=395)

FIGURE 1. PRISMA chart of the screening process for the current systematic review
and meta-analysis

Mandarin, Norwegian, Persian, Portuguese, Russian, Spanish, Swedish, and
Turkish) and a range of developmental stages from preschool to adulthood. Some
of the participants had disabilities (e.g., attention deficit disorder, autism spec-
trum disorder, dyslexia, speech and/or language impairment). However, the vast
majority of the studies did not report correlations by subsamples or subgroups of
students by these characteristics, and therefore, moderation analysis was not con-
ducted by disability status or type (but sensitivity analysis was conducted; see
below). The majority of unavailable documents (see Figure 1) were dissertations,
and author contact information was not available; therefore, author contact was
not conducted.
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Coding Procedures

Included studies were coded for sample size, effect size (Pearson’s r), reading
and writing measures, aspect of written compositions evaluated (quality, produc-
tivity, fluency, vocabulary, syntax, and conventions), participant biological sex
(percentage female), disability (percentage reported who were diagnosed or receiv-
ing support), and grade levels (as a proxy for the developmental phase of reading
and writing skills). Reading comprehension tasks were coded for multiple choice,
open-ended, cloze, or oral or written retell. Codes for the dimensions of written
compositions were as follows: “Quality” included scales that evaluated features
such as quality of ideas, structure, cohesion, thematic development, and overall
quality (i.e., holistic score); “Productivity” included total number of words and
sentences; “Fluency” included words written within a specified time; “Vocabulary”
included lexical measures such as type token ratio, lexical density, and percent
academic words; “Syntax” included grammatically correct word sequences and
sentences or syntax scales that examined syntactic features; “Conventions”
included capitalization, punctuation, and spelling.

Thirty studies were randomly selected to establish reliability in coding. Each
study was coded for the following: group identification (to differentiate between
multiple groups in one study), publication status, effect size, sample size, reading
skill (e.g., word reading, reading comprehension), writing skill (e.g., spelling
written composition), name of reading measure, name of writing measure, age,
grade level, disability status (%), disability type, language, second language status
(%), female (%), ethnicity or race, and socioeconomic status. Exact agreement
reliabilities for the various codes ranged from 98% to 99%.

A total of 2,265 effect sizes from 120,669 participants (646 unique samples)
were included in the final coding document. Pearson’s r values were converted to
Fisher’s z, and variance was calculated from sample size (Borenstein et al., 2011)
by using the following equations.

z=0.5xIn(1+r/1-r) Vz = 1/(n-3)

Data Analysis

Data were imported into R for analysis. The meta-regression package, robu-
meta (RVE; Hedges et al., 2010), was used to address the research questions.
Robumeta calculates effect sizes using Fisher’s z and variance using a random
effects model (Kreft & de Leeuw, 1998; Viechtbauer, 2005), taking into account
nested structure of effect sizes within each unique sample and weights appropri-
ately for small or large samples (Tipton, 2015). It also tests whether there is a
statistically significant difference between effect sizes.

Research questions were addressed using the following analytic procedures.
For the first research question, an overall effect size was calculated based on all
effect sizes (k = 2,265). For the second research question, relations between sub-
skills of reading and writing (e.g., word reading and written composition) were
estimated (see Table 1). In addition, /> was calculated to determine the heteroge-
neity of the samples. Both the overall relation and the grain size relations sug-
gested that 81% or more of the variation across the studies was due to differences
between studies (Higgins & Thompson, 2002; Higgins et al., 2003). To test
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whether the magnitudes of the relation for word reading and spelling versus read-
ing comprehension and written composition are different, a meta-regression
model was employed with the word reading and spelling relation as the reference
relation (Table 2). To address the third research question about the relation
between reading comprehension and written composition as a function of mea-
surement, bivariate correlations were examined (Table 3), followed by meta-
regression models (Tables 4 and 5) to test whether magnitudes are statistically
significantly different. To address the fourth research question about the modera-
tion by developmental phase, grade levels were entered as predictors for word
reading-spelling and reading comprehension-dimensions of written composition
outcomes in meta-regression models (Table 6). Grade level was converted into a
categorical variable using the following developmental stages: primary grades
(preschool to grade 2), upper elementary grades (grades 3—5), secondary grades
(grades 6—12), and adult/university. Grouping studies into developmental stages is
a common practice in meta-analysis (e.g., Florit & Cain, 2011; Garcia & Cain,
2014; Petscher, 2010); it allows for studies that grouped grades together to not be
excluded from analysis and gives more degrees of freedom or effect sizes for
investigating development as a potential moderator.

Finally, sensitivity analysis was conducted considering the following: an alterna-
tive estimator metafor, publication status, reliability of reading and writing measures
(meeting the high reliability threshold of .80 or not), normed nature of measures
(normed or not), disaggregating primary grades (preschool to grade 2) into two cat-
egories—preschool and kindergarten and grades 1 and 2—and disaggregating sec-
ondary grades (grades 6—12) into grades 6—8 and grades 9—12, the nature of writing
systems (alphabetic vs. morphosyllabic [Chinese]), and participants’ disability status.
Publication bias was examined using funnel plot asymmetry.

Results

Information and references of the studies included in the meta-analysis are found
in the online supplemental materials due to the large number of included studies. As
noted previously, robumeta was used in the present study to take into account the
nested structure or dependency of effect sizes within each unique sample.

Research Question 1: Overall Magnitude of the Relation Between Reading and
Writing
The final sample of 395 studies (646 unique samples, N = 120,669, k = 2,265)
yielded an average correlation between reading (word reading, text reading flu-

ency, and reading comprehension) and writing (spelling and written composition)
of .72 (p < .000, 95% CI = [.70, .75]; Table 1).

Research Question 2: Variation of Relations as a Function of Linguistic Grain
Size
The strength of the relation between reading and writing was estimated across
different reading skills and writing skills. The relation between word reading and
spelling was strongest ( = .82) whereas the relation between reading comprehen-
sion and written composition was moderate (» = .44; see Table 1), and they were
statistically significantly different (p < .001). In fact, as shown in Table 2, word
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TABLE 3
Bivariate correlations between reading comprehension tasks and writing quality

) - Types of tasks in reading comprehension
Written composition

dimensions Multiple choice Open-ended Oral retell® Cloze
Writing quality AT AR S55bx* 37
Writing productivity .23b .28b NA .18*
Writing fluency NA NA NA 120
Writing syntax A6F** NA NA 21b
Writing vocabulary 300 NA NA L49b*
Writing conventions S NA NA NA

*Written retell was not included because only two effect sizes were identified (Jenkins et al., 2014).
Less than 4 degrees of freedom and at least 2 effect sizes.

Significance level marked by asterisk to denote the following: *p < .05, **p < .01, ***p < .001.
NA: 1 or no effect sizes identified

TABLE 4

Meta-regression model for reading comprehension tasks (cloze task as the reference) and
writing quality

b SE df P CLLB CL.UB
Intercept 0.37 0.02 11.88 <.001 0.32 0.41
Multiple choice 0.11 0.04 19.50 .016 0.02 0.20
Open-ended 0.12 0.04 25.05 .012 0.03 0.21
Oral retell 0.18 0.07 591 .039 0.01 0.35

Note. SE = Standard error; df = degrees of freedom; CL.LB = lower bound of 95% confidence
interval; CLUB = upper bound of 95% confidence interval.

TABLE 5

Meta-regression model for the relation between reading comprehension and different
dimensions of written composition (writing productivity as the reference)

b SE t V4 df CILLB CIUB
Intercept 0.23 0.04 5.75 .001 6.45 0.14 0.33
Writing quality 0.23 0.05 4.90 .001 7.41 0.12 0.34
Writing fluency —-0.15 0.07  —1.99 117 4.08 —0.35 0.06
Writing conventions 0.32 0.09 3.40 .007 9.48 0.11 0.53
Writing syntax 0.18 0.07 2.64 .019 14.68 0.03 0.32

Writing vocabulary 0.16 0.10 1.60 154 6.75 —0.08 0.39

Note. A total of 83 unique samples and 253 effect sizes. SE = standard error; df = degrees of
freedom; CI.LB = lower bound of 95% confidence interval; CL.LUB = upper bound of 95%
confidence interval.
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TABLE 6

Meta-regression model where grade levels predict word reading-spelling relation and
reading comprehension-written composition relations

b SE t p df CILLB CILUB
Word reading and spelling
Intercept 0.82 0.02 4508 <.001 228.80 0.78 0.85
Grades 3-5 0.02 0.03 0.48 .633 149.40 —0.05 0.08
Grades 612 -0.06 0.05 -1.09 284 4020 -—0.17 0.05
University/adult -0.13  0.05 275 .008 5540 -023 -0.04
Reading comprehension and written composition (productivity as the reference)
Intercept 021  0.05 4.48 006  5.15  0.09 0.33
Writing quality 021 0.05 4.48 .004 586  0.10 0.33
Writing fluency -0.12  0.10 -1.19 335 249 049 0.25
Writing conventions 0.26  0.10 2.59 026 1030  0.04 0.48
Writing syntax 0.17 0.08 2.29 .041 1230  0.01 0.34
Writing vocabulary 0.12  0.10 1.13 295 740 -0.13 0.36
Grades 3-5 0.08 0.05 1.47 159 1776 —0.03 0.19
Grades 612 0.10  0.06 1.69 106 20.06 —0.02 0.23
University/Adult -0.04 0.08 —0.55 591 19.61 —0.22 0.13

Note. Reference group is primary grades that include prekindergarten to grade 2. Word reading and
spelling had 395 unique samples and 896 effect sizes that included grade-level information. Reading
comprehension and written composition had 68 unique samples and 203 effect sizes that included
grade-level information. SE = Standard error; df = degrees of freedom; CI.LB = lower bound of
95% confidence interval; CL.UB = upper bound of 95% confidence interval.

reading and spelling had the strongest relation compared to all the other pairs of
relations (ps < .001).

Research Question 3: Relation of Reading Comprehension and Written
Composition as a Function of Measurement

Table 3 shows bivariate correlations between different types of reading com-
prehension tasks and different dimensions of written composition. Note that a full
matrix could not be estimated due to lack of data (e.g., no studies have examined
the relation between writing conventions and reading comprehension measured
by an open-ended reading comprehension task). In addition, written retell was
excluded because only one study included it (Jenkins et al., 2014). Overall, there
was large variation in the magnitudes, ranging from .12 (p = .284) between read-
ing comprehension measured by a cloze task and writing fluency to .55 (p = .002)
between reading comprehension measured by oral retell and writing quality. It
should be noted that several of the estimates had a less than ideal number of
degrees of freedom and limited number of studies (see Table 3 for details).
Therefore, in the meta-regression, we examined only the relation between writing
quality and reading comprehension measured by cloze, multiple choice, open-
ended question, and oral retell tasks. As shown in Table 4, writing quality had a
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stronger relation with reading comprehension measured by multiple choice (r =
48, p = .016), open-ended questions (» = .49, p = .012), and oral retell (» = .55,
p = .039) than by the cloze task (» = .37, p < .001; the reference task in Table 4).

With regard to the relation between reading comprehension (average across
tasks) and different dimensions of written composition, the relation between read-
ing comprehension and writing productivity was used as the reference. As shown
in Table 5, reading comprehension was more strongly related with writing quality
(.46, p = .001), writing syntax (.41, p = .019), and writing conventions (.55, p =
.007) than with writing productivity (.23, p = .001). The relation of reading com-
prehension with writing vocabulary (.39) was also descriptively stronger than
with writing productivity, but the difference did not reach the conventional sta-
tistical significance level (p = .154). Writing fluency (.08) had a descriptively
weaker relation than writing productivity, but it was not statistically significant

(p = .117).
Research Question 4: Moderation by Grade Level

Regression model results are shown in Table 6. The reference group was pri-
mary graders in prekindergarten to grade 2. The word reading and spelling rela-
tion was statistically significantly stronger for primary grade students (»r = .82, p
< .001) than for university students and adults (» = .69, p = .008). The relation
between reading comprehension with various dimensions of written composition
did not differ by grade levels (ps > .106; see the bottom panel).

Sensitivity Analysis and Publication Bias

The analyses of overall effect size and relations by grain size (Table 1) were
also conducted using metafor (Viechtbauer, 2010). The R package, robumeta,
uses method of moments estimation while metafor uses restricted maximum like-
lihood (REML) estimation. Metafor showed highly similar effect sizes for all
relations.

Second, publication status was examined to test for publication bias.
Publication bias is when published studies have effects with significantly differ-
ent magnitudes, typically larger and at a significant level, than unpublished (gray
literature) studies (Thornton & Lee, 2000). Publication bias was tested for the
overall relation between reading and writing and for the relations between read-
ing and writing subskills (e.g., word reading, spelling). First, to test the overall
relation, a funnel plot that showed effect size distribution around the mean was
printed (Figure 2). Also, a mixed effects regression test for funnel plot asymme-
try (Egger et al., 1997; Sterne & Egger, 2005) was run. The statistical model
found evidence of publication bias (z = 3.40, p = 0.00). Next, a meta-regression
was conducted to test whether the overall relation between reading and writing
varied as a function of publication status. No statistical difference between pub-
lished effects sizes (k = 1,506) and unpublished effects sizes (k = 759) was
found (p = .91; see Table 7). Then publication bias was tested for the reading and
writing relations by subskill. Funnel plots of effect size distribution for the six
models were printed (Figure 3). Finally, mixed effects regression tests for funnel
plot asymmetry were run. All tests showed no evidence of publication bias at the
conventional significance level (ps = .17-.82).
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FIGURE 2. Funnel plot of all effect sizes of the relation between reading and writing

We also tested whether estimates were impacted by reliability of reading and
writing measures (whether or not reliability met the threshold of .80, which is
generally accepted as high reliability). A total of 1,244 effect sizes were available
for reliability estimates for reading tasks, of which 199 were below .80, and a total
of 1,298 effect sizes were available for reliability estimates for writing tasks, of
which 176 were below .80. As shown in Table 7, both meta-regressions yielded
statistically significantly weaker relations between reading and writing when a
measure did not meet the .80 threshold (p < .003).

Sensitivity analysis was also conducted considering normed nature of tasks. Of
2,265 effect sizes, 1,202 effect sizes were based on normed reading measures and
885 effect sizes were based on normed writing measures. As shown in Table 7,
normed measures yielded statistically significantly stronger relations (reading:
non-normed: » = .67, p < .001; normed: » = .78, p < .001; writing: non-normed:
r=.67,p <.001; normed: » = .80, p < .001).

Furthermore, we reran the overall analysis using only studies that met reliabil-
ity estimates of .80 or above and that used normed measures. This subsample had
sufficient effect sizes—364 effect sizes (126 unique samples)—and results were
as follows: .79 (p < .001, 95% CI [.74, .84]) for the overall relation between read-
ing and writing; .92 (p < .001, 95% CI [.86, .98]) for word reading and spelling;
.56 (p < .001, 95% CI [.47, .66]) for word reading and written composition; .40
(p < .001, 95% CI [.36, .44]) for reading comprehension and written composi-
tion; .63 (p < .000, 95% CI [.57, .68]) for reading comprehension and spelling;
and .78 (p < .001, 95% CI [.63, .93]) for text reading fluency and spelling. The
relation between text reading fluency and written composition was not estimated
due to lack of sufficient effect sizes for this analysis.

In addition, primary grades were disaggregated to preschool and kinder-
garten, and grades 1 and 2, and secondary school grades were disaggregated
to grades 6—8 and grades 9—12 (see the bottom panels of Table 7). No
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TABLE 7

Sensitivity analysis: Examining publication status, reliability, normed nature of reading
and writing measures, and grade levels further disaggregated.

b SE t P df CILLB CILUB

Publication status (unpublished as the reference)

Intercept 0.72 0.02 32.41 <.001 172.00 0.68 0.77

Published 0.00 0.03 0.12 908 301.00 —0.05 0.05
Reliability for reading measures (.80 or higher as the reference)

Intercept 0.70 0.01 48.58  <.001 345.90 0.67 0.73

Less than .80 —0.16 0.05 -3.16 .003 3930 -27 —0.06
Reliability for writing measures (.80 or higher as the reference)

Intercept 0.70 0.01 48.00  <.001 331.30 0.68 0.73

Less than .80 -0.21 0.05 —4.65 <.001 52770 -030  —0.12
Reading measures normed or not (not normed as the reference)

Intercept 0.67 0.02 40.89  <.001 306 0.63 0.70

Normed 0.11 0.02 4.64  <.001 615 0.06 0.15
Writing measures normed or not (not normed as the reference)

Intercept 0.67 0.01 46.35  <.001 384 0.64 0.70

Normed 0.13 0.02 542 <.001 555 0.08 0.17
Primary grades (prekindergarten and kindergarten as the reference)

Intercept 0.81 0.03 2735  <.001 2735 0.75 0.87

Grades 1-2 —-0.05 0.04 —1.44 154 81.80 —0.12 0.02
Higher grades (grades 68 as the reference)

Intercept 0.61 0.04 14.91 <.001 353 0.53 0.69

Grades 9-12 —0.05 0.06 —0.80 429 3511 —0.18 0.08

Note. Publication status had 646 unique samples and 2,264 effect sizes. Reliability for reading
measures had 375 unique samples and 1,241 effect sizes that included reliability estimates.
Reliability for writing measures had 374 unique samples and 1,296 effect sizes that included
reliability estimates. A total of 1,202 reading measures were normed and 885 writing measures
were normed. Early elementary coding had 250 unique samples and 761 effect sizes that included
reliability estimates; reference group is prekindergarten and kindergarten. SE = Standard error;
df = degrees of freedom; CI.LB = lower bound of 95% confidence interval; CI.UB = upper
bound of 95% confidence interval.

significant difference was found in the overall relation between reading and
writing between preschool and kindergarten (» = .81, p < .000) and grades 1
and 2 (r = .76, p = .154) or between grades 68 (r = .61, p < .000) and
grades 9-12 (r = .56, p = .429).

We also examined differences by writing systems, specifically alphabetic ver-
sus morphosyllabic (i.e., Chinese; see Table 8). For the overall relation between
reading and writing, we found a significant difference between alphabetic lan-
guages (» = .73, p < .001) and Chinese (» = .62, p = .009). We also examined
relations by grain size. This revealed a statistically significant difference for the
relation between word reading and spelling between alphabetic languages (» =

18



3(a) Word reading and spelling (p = .53) 3(b) Word reading and writing (p = .56)

gt N

Yme, s

§ . .. 3

3(c) Text reading efficiency and spelling 3(d) Text reading efficiency and writing
(p=.17) (p = .46)

§ 3 W W g

3(e) Reading comprehension and spel]ing 3(f) Reading comprehension and writing

(=282 (p=23)

FIGURE 3. Funnel plots of relations between skills of reading and writing

.83, p <.001) and Chinese (» = .71, p = .023). None of the other relations were
statistically different.

Finally, we examined whether the magnitude of the relations differed by par-
ticipants’ disability status (see Table 9). We used a dichotomous variable (1 =
at least 50% of the participants were reported as having a disability; 0 = less
than 50% of participants were reported as having a disability). For the overall
relation, we found no significant difference between typically developing par-
ticipants (» = .72, p < .001) and participants with a disability (» = .77, p =
.152). In addition, when the relation was examined by grain size, no statistical
difference was found.
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TABLE 8

Sensitivity analysis: Examining difference in effect sizes between Chinese and other
languages (i.e., alphabetic orthographies, the reference group)

b SE t P df CILLB CILUB

Overall relation

Intercept 0.73 0.01 59.73 <.001 594.10 0.71 0.75

Chinese -0.11 0.04 -2.75 .009 4280 -0.20 —0.03
Word reading and spelling

Intercept 0.83  0.01 60.8 <.001 478.30 0.80 0.85

Chinese -0.12 0.05 24 023 31.10 -0.22  —0.02
Word reading and written composition

Intercept 043 0.03 1459 <.001 44.89 0.37 0.49

Chinese -0.09 0.06 -1.53 172 6.52 —0.23 0.05
Text reading fluency and spelling

Intercept 0.67 0.03 2440 <.001 118.80 0.62 0.72

Chinese -024 015 -1.52 .199 424  —0.66 0.19
Text reading fluency and written composition

Intercept 0.66 0.03 2419 <.001 120.63 .60 0.71

Chinese -023 0.16 —1.46 215 423 —.65 .20
Reading comprehension and spelling

Intercept 0.59 0.02 3291 <.001 200.09 0.56 0.63

Chinese -0.13  0.07 -1.96 .08 9.84 —0.28 0.02
Reading comprehension and written composition

Intercept 044 0.03 1747 <.001 67.60 0.39 0.49

Chinese 0.03 0.06 044 665 1540 —0.11 0.16

Note. The current meta-analysis included 121 effect sizes from Chinese speakers and 2,144 effect
sizes from speakers of other languages. SE = Standard error; df = degrees of freedom; CL.LB =
lower bound of 95% confidence interval; CL.LUB = upper bound of 95% confidence interval.

Discussion

In the present study, we examined the relation between reading and writing to
capture the overall relation but more importantly to capture variation of the rela-
tions, informed by the interactive dynamic literacy model (Kim, 2020a, 2022),
depending on the linguistic grain size, measurement of reading comprehension
(reading comprehension tasks) and written composition (dimensions of written
composition), and developmental phase proxied by grade levels. After extensive
and systematic search, a total of 395 studies that consisted of 612 unique sam-
ples, 2,265 effect sizes, and 120,669 individuals were included in the present
meta-analysis.

Overall, we found that reading and writing skills are strongly related with a
magnitude of » = .72. These results indicate that reading and writing are not inde-
pendent skills. While reading-writing relations have been widely recognized (e.g.,
Fitzgerald & Shanahan, 2000; Kim, 2020a; Langer & Flihan, 2000; Shanahan,
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TABLE 9

Sensitivity analysis: Examining difference in effect sizes between students with and
without a disability

b SE t P df CILLB CLUB

Overall relation

Intercept 0.72 0.01 57.17 <.001 559.60 0.69 0.74

Disability 0.05 0.04 145 152 91.10 —-0.02  0.12
Word reading and spelling

Intercept 0.82 0.01 57.53 <.001 44090 0.79 0.85

Disability 0.02 0.04 0.55 582 8490 —0.05 0.09
Word reading and written composition

Intercept 041 0.03 1451 <.001 4477 035 047

Disability 0.11 0.06 1.77 130 567 —0.04 0.27
Text reading fluency and spelling

Intercept 0.65 0.03 2273 <.001 113.50 0.59 0.71

Disability 0.14 0.10 147 169 1130 —0.07  0.35
Text reading fluency and written composition

Intercept 0.64 0.03 22.56 <.001 1153 0.58  0.69

Disability 0.16 0.10 1.61 JA35 112 —-0.06  0.37
Reading comprehension and spelling

Intercept 0.58 0.02 31.86 <.001 18550 0.54 0.61

Disability 0.09 0.06 1.35 187 2980 -—.04 022
Reading comprehension and written composition

Intercept 044 0.02 18.62 <.001 7439 040 049

Disability -0.01 0.09 -0.17 .875 4.83 —024 021

Note. If 50% or more of the sample had a disability, it was coded as “Disability” (n = 212); if less
than 50% of the sample had a disability, it was coded as “Typically developing” (n = 2,053). SE =
Standard error; df = degrees of freedom; CI.LB = lower bound of 95% confidence interval; CL.UB
= upper bound of 95% confidence interval.

2016; Shanahan & Lomax, 1986), to our knowledge, the magnitude of their rela-
tions has not been systematically captured before. The present findings are in line
with and explain recent meta-analytic findings that students who have reading
difficulties also have writing difficulties (Graham et al., 2021) and reading instruc-
tion impacts writing outcomes (Graham et al., 2018) and writing instruction influ-
ences reading outcomes (Graham & Hebert, 2010).

Beyond the overall relations, however, results revealed different magnitudes of
relations as a function of linguistic grain size. Theoretically based focal contrast
of the magnitude was between word reading and spelling versus reading compre-
hension and written composition, and the former is hypothesized to have a stron-
ger relation than the latter according to the interactive dynamic literacy model
(Kim, 2020a). This hypothesis was supported such that reading-writing relations
differed depending on the linguistic grain size—word reading and spelling have a
very strong relation (.82) whereas reading comprehension and written
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composition have a moderate relation (.44). Although not focal contrasts in the
present study, we also found moderate to fairly strong relations between other
subskills of reading and writing. For example, spelling was fairly strongly related
to text reading fluency (.65) and reading comprehension (.59), and word reading
was moderately related to written composition (.42).

Differential relations were also found as a function of measurement of reading
comprehension and written compositions. Reading comprehension is measured
by various tasks, and studies have shown that tasks vary in the extent to which
they tap into shallow (literal) and deep (inferential) comprehension (Francis et al.,
2005; Keenan et al., 2008; Nation & Snowling, 1997). Similarly, written composi-
tion is evaluated in multiple dimensions, such as quality, productivity, fluency,
vocabulary, syntax, and conventions (see earlier discussion). Because these
dimensions differ in their focal construct and the skills they primarily tap into
(Kim et al., 2014, 2015), the magnitude of their relations with reading comprehen-
sion was expected to differ (Kim, 2020a). We found support for the hypothesis.
Writing quality had a stronger relation with reading comprehension measured by
multiple choice and open-ended tasks than with reading comprehension measured
by cloze tasks. In addition, across reading comprehension tasks, reading compre-
hension had moderate relations with writing quality, writing vocabulary, writing
syntax, and writing conventions and had weak relations with writing productivity
and writing fluency. These results indicate that reading comprehension—written
composition relations are not uniform but instead multifaceted. Although the
average relation between reading comprehension and written composition is
moderate (.44), this is a summary of the relations across different reading compre-
hension tasks and different dimensions of written composition, and relations vary
depending on focal dimensions of written composition and measurement of read-
ing comprehension.

Findings of the present study also underscore the importance of measurement
quality for reading-writing relations. Sensitivity analysis revealed that reading-
writing relations were stronger when tasks met the criterion of high reliability
(.80) and tasks were normed (vs. experimental). When reading-writing relations
were examined using a subsample of effect sizes that met both criteria of high
reliability and normed tasks, magnitudes were stronger. For example, the relation
between word reading and spelling became .92 compared to .82, and the relation
between word reading and written composition became .56 from .42. These
results are in line with the fact that measurement error attenuates correlations
(Spearman, 1904). Interestingly, the magnitude between reading comprehension
and written composition showed a different pattern such that the relation did not
become stronger: .40 when including effect sizes that met both criteria of high
reliability and normed tasks versus .44 when including all effect sizes. Reasons
for this is unclear and future studies are warranted to carefully examine why the
patterns are different for the relation between reading comprehension and written
composition. Overall, these findings indicate that reliability and normed nature of
tasks influence the strength of correlations and therefore should be taken into
consideration in understanding reading-writing relations.

Reading-writing relations also differed as a function of the developmental
phase of reading and writing development. We hypothesized a different pattern
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for word reading and spelling versus reading comprehension and written com-
position because developmental trajectories of these skills differ—majority of
individuals reach asymptotes for lower-level reading and writing skills, word
reading and spelling, at a later developmental phase whereas this is not expected
for higher-order skills, reading comprehension and written composition. As
such, word reading and spelling were expected to have a weaker relation in the
later phase of development than in the beginning phase of development whereas
no differences as a function of developmental phase were hypothesized for
reading comprehension and written composition. This hypothesis was sup-
ported in that word reading and spelling had a stronger relation for primary
grade students (.82) than that for university students and adults (.69), but the
relation between reading comprehension and written composition did not differ
as a function of developmental phase. These results revealed that the reading-
writing relation is not constant across developmental phases, and therefore,
development should be taken into account for understanding the reading-writ-
ing relation.

It is notable that the relation between word reading and spelling was stronger
in languages with alphabetic writing systems than in Chinese, which employs the
morphosyllabic writing system, indicating that reading/decoding and spelling/
encoding words are not as strongly associated in Chinese compared to alphabetic
languages. These results might be attributed to the visual complexity of Chinese
characters compared to the vast majority of alphabetic languages. Chinese char-
acters are composed of a complex array of strokes: Chinese characters can have
up to 24 strokes although the majority of them have 6 to 13 strokes (Anderson
etal., 2013). Visual complexity leads to difficulty in learning (Chang et al., 2016).
In addition, strokes form different types of radicals such as phonological and
sematic ones, and radicals have different positional characteristics and regulari-
ties and have variants (Ye & McBride, 2022). Therefore, accurate spelling/encod-
ing of Chinese characters and words would require higher precision in visual and
orthographic knowledge than for decoding to a greater extent than for alphabetic
languages. In other words, the relative challenge of accurate spelling/encoding
compared to decoding would be greater in Chinese than alphabetic languages.
This, in turn, might result in more varied performance differences between word
reading and spelling, which would lead to a weaker relation. Future studies are
needed to investigate this speculation.

Overall, the findings of the present meta-analysis indicate the importance of
recognizing the multifaceted nature of reading-writing relations. Although read-
ing-writing relations have been widely recognized in previous work, its multifac-
eted nature of the relation has been rarely recognized. Overall, the results are in
line with the hypothesis of the interactive dynamic literacy model that recognizes
that reading-writing relations are not uniform, and they suggest our conceptual-
ization of reading-writing relations should consider multiple aspects such as lin-
guistic grain size, measurement, and developmental phase.

The results in the present study are correlational, and therefore, causal infer-
ence is limited. However, together with causal evidence on the relations between
reading and writing from prior meta-analyses (Graham & Hebert, 2010; Graham
et al, 2018, 2021), there are a few practical implications. One apparent
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implication for reading-writing relations is that reading and writing acquisition
will be enhanced when they are taught in an integrated manner rather than teach-
ing them as separate entities (Graham, 2020; Kim, 2020a; Shanahan, 1988).
Importantly, our findings of different magnitudes of relations by linguistic grain
sizes offer a valuable nuanced and fine-grained picture. A very strong relation
between word reading and spelling implies that for a majority of students, their
word reading skill and spelling skill will be convergent such that those who are
strong in word reading are highly likely to be strong in spelling, and those with
weak word reading will highly likely experience weak spelling skill, and that only
a small number of individuals show a discrepant profile in word reading and spell-
ing skills. In contrast, the relation between reading comprehension and written
composition is moderate such that there is greater divergence in individuals’ skills
in reading comprehension and written composition skills, and therefore, it is not
uncommon for individuals with strong reading comprehension but weak written
comprehension, and vice versa.

Another way of thinking about varying strengths of reading-writing relations
is different degrees of transfer of skills. Stronger relations indicate higher likeli-
hood of transfer of skills. This implies that what is learned in the context of word
reading is highly likely to transfer to spelling, and vice versa, whereas degree of
transfer is less likely between reading comprehension and written composition.
Therefore, for individuals to benefit from reading-writing connections, reading-
writing connections need to be made visible in teaching (Kim, 2022; Shanahan,
1988), and this is particularly important for reading comprehension and written
composition. For example, students may not readily see how understanding
authors’ use of vocabulary, sentence structures, and rhetorical moves in compre-
hension applies to their own composition process. Therefore, instruction needs to
make the reading-writing links explicit and visible, discussing how these aspects
can inform and apply to students’ own writing (e.g., relating analysis of an author’s
use of vocabulary for a specific audience to thinking about vocabulary choice in
the students’ own compositions).

The moderate relation between reading comprehension and written composi-
tion, compared to that between word reading and spelling, also implies a greater
need for separate reading-focused instruction and writing-focused instruction for
successful development of reading comprehension and written composition in
addition to integrated instruction. As noted previously in the literature review,
reading comprehension and written composition differ in the processes and the
extent to which skills and knowledge are tapped, and therefore, instruction should
address reading-specific and writing-specific needs.

Differential relations between reading comprehension and written composi-
tion as a function of tasks and focal dimensions point to the importance of using
multiple tasks to accurately measure reading comprehension and written compo-
sition (Francis et al., 2005; Kim, 2020a, 2022; Stuhlmann et al., 1999). Use of
multiple tasks is an important way to reduce measurement error and increase
precision. This is especially important for high-stakes decisions that demand
high precision such as determining one’s reading and writing disability status.
We recognize that it is not always feasible to use multiple tasks in practice
because using multiple tasks per construct takes more resources and has practical
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constraints (e.g., administering multiple tasks per construct takes longer assess-
ment time, which is not always possible in settings such as school contexts). In
these cases, one should be aware of the nature of tasks and dimensions and their
differential tapping of skills and knowledge, acknowledge limitations associated
with using a particular type of task or a single task, and need to exercise caution
in interpretations.

Limitations and Future Directions

Future work is warranted to investigate the mechanisms of their relations.
One example is directionality of reading-writing relations. Theoretically, read-
ing-writing is hypothesized to have a bidirectional relation via reading and writ-
ing experiences (Kim, 2020a). For example, the experience of word reading is
hypothesized to enhance spelling and the experience of spelling enhances word
reading as word reading and spelling provide an opportunity to attend to phono-
logical, orthographic, and morphological structure of words. Similar logic
applies to reading comprehension and written composition. However, empirical
evidence on bidirectionality of the relation is mixed (e.g., Ahmed et al., 2014;
Kim et al., 2018). Another future direction is that if reading and writing are
related, integrated reading-writing instruction should benefit both reading and
writing outcomes (see Graham et al., 2017). However, the reading-writing rela-
tions are not perfect, and there are reading-specific aspects and writing-specific
aspects that require instructional attention. This is particularly the case for read-
ing comprehension and written composition. As noted previously, a moderate
relation suggests that greater explicit instructional attention might be needed for
students to see and benefit from the connection between reading comprehension
and written composition. Future experimental work is necessary to expand our
understanding of effective ways of integrating reading and writing instruction
that promotes transfer between reading skills and writing skills (Shanahan,
2016), and effective instruction that addresses reading- and writing-specific
aspects.

The present findings also indicate a need for systematically considering mea-
surement of constructs and their implications to understand reading-writing rela-
tions more precisely (e.g., Kim, 2020a, 2022). As noted previously, measurement
matters, especially for complex and multidimensional constructs such as reading
comprehension and written composition. In future empirical work, it will be ideal
if studies, across correlational and intervention work, investigate and report
results for multiple dimensions of reading comprehension and written composi-
tion to further our nuanced understanding of reading-writing relations. Also
needed is careful systematic attention to precision in measurement. Theoretical
models typically assume perfect measurement properties (e.g., reliability), but, in
reality, constructs are measured with measurement error. As noted previously, one
way to address this is measuring a construct using multiple tasks and employing
a latent variable approach in analysis to the extent feasible.

Conclusion

The results overall indicate that reading and writing skills are related. Beyond
the overall average relation, the present results unpacked the nature of
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reading-writing relations and extend our understanding of reading-writing rela-
tions by adding important nuances about their multidimensional nature.

Appendix: A Complete List of Search Terms

“Writ* Skills” OR “Written Compos*” OR “Compos*” OR “Writ* Process” OR “writ*
routines” OR “writ* goals” OR “Writ* Tools” OR “writ* feedback” OR “writ* knowl-
edge” OR spell* OR “CBM writ*” OR CIWS OR CWS OR WW OR “Word* written” OR
“Word* spelled correctly” OR “Correct word sequences” OR “Incorrect word sequences”
OR “Correct minus incorrect word sequences” OR dysgraphia OR “Writ* difficult*” OR
“Writing disab*”

AND

“word read*” OR “word read* fluency” OR “list read* fluency” OR “read* fluency”
OR “oral reading fluency” OR “text read* fluency” OR Decod* OR “Decod* fluency” OR
“word attack” OR “Low read*” OR “low skill* read*” OR dyslexia OR DYSLE* OR
“read* disab®*” OR “read* comprehension” OR “comprehension” OR “special education”
OR “tier 2” OR “tier 3” OR “struggl* read*” OR “learning disab*” OR “severe learning
disab*” OR “specific learning disab*”” OR “co-morbid*” OR “neurodevelopmental disor-
der” OR “struggling read*” OR “weak read*” OR “poor read*”
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