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Abstract The purpose of this study was to examine
the cognitive-linguistic predictors of reading and
writing skills in Japanese where syllabic Hiragana
and morphographic Kanji are simultaneously used.
We followed a sample of 170 Japanese children
(M,4.,=80.12 months, $D=3.62) from the beginning
of Grade 1 until the end of Grade 2 and assessed them
on phonological awareness, rapid naming, morpho-
logical awareness, and Hiragana literacy skills
(character recognition and writing) in Grade 1 and
Kanji literacy skills in Grade 2. Results of path
analysis showed that phonological awareness and
rapid naming were associated with Hiragana literacy
skills, which, in turn, predicted their counterparts in
Kanji. In addition, morphological awareness pre-
dicted later Kanji literacy skills over and above the
effects of early Hiragana literacy skills. Taken
together, these findings suggest that the cognitive-
linguistic foundations of literacy skills are not
identical between Hiragana and Kanji and developing
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reading and writing skills in the two scripts may have
a cross-script influence in literacy development.
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Introduction

Several studies have shown that children learning
multiple orthographic systems at the same time
develop partly separate cognitive bases for literacy
skills in each orthography (e.g., Cheung et al., 2010;
Sun et al., 2022; Zhang, 2017). However, most
previous studies focused on bilingual contexts where
children learn two or more orthographic systems of
different languages, and there is paucity of studies
that examined how reading and writing develop when
children must learn multiple scripts simultaneously
within one language, such as pinyin and characters in
Chinese, two abjad scripts in Hebrew, and Kana and
Kanji in Japanese (Hanley, 2005; Ravid, 2012; Taylor
& Taylor, 2014). In addition, although several studies
have reported a cross-script transfer of word reading
skills in bilingual ‘biscriptal’ readers (e.g., Pasquar-
ella et al., 2015; Shum et al., 2016), only a handful of
studies have examined reading and writing simulta-
neously in the same model (see O’Brien et al., 2020;
Sparks et al., 2008, for exceptions), and thus, whether
reading in one script can influence writing in the
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other script and vice versa (i.e., cross-domain trans-
fer) in multiscriptal learners remains largely
unknown.' The present study aimed to address these
gaps by examining reading and writing development
in the hybrid writing system of Japanese where
syllabic Hiragana and morphographic Kanji are used
within one language (see below for more details).

Theories of cross-linguistic literacy development

According to the orthographic depth hypothesis (Katz
& Frost, 1992), the differences in orthographic depth
of each language (i.e., the degree of consistency in
the grapheme-sound correspondences) lead to pro-
cessing differences in reading and writing. Indeed,
children learning a transparent orthography usually
master basic reading and writing more quickly (e.g.,
Ellis et al., 2004; Seymour et al., 2003), and their
cognitive-linguistic foundations of literacy skills have
been shown to be somewhat different from those of
children learning an opaque orthography (e.g., Geor-
giou et al., 2012; Ziegler et al., 2010). The influences
of orthographic consistency on literacy development
have also been reported in non-alphabetic orthogra-
phies, including Japanese (e.g., Inoue et al., 2017,
Tanji & Inoue, 2021). In turn, according to the
orthographic breadth hypothesis (Inoue et al., 2017),
the inventory size (e.g., contained vs. extensive; Nag,
2007) of orthographies can also influence children’s
literacy development. As learning the large symbol
set in an extensive orthography (e.g., Indian orthogra-
phies, Chinese, and Japanese Kanji) is a demanding
and protracted process continuing well beyond
primary education as opposed to that in a contained
orthography (e.g., alphabetic orthographies that use
24-36 letters), it is likely that cognitive-linguistic
skills underlying these learning processes are at least
partly different across orthographies.

! Transfer is defined as the use of linguistic and cognitive
knowledge acquired in language learning (Oldin, 1989).

2 Although “spelling” has been more commonly used for
alphabetic orthographies, we use “writing” for both syllabic
Hiragana and morphographic Kanji in this paper for consis-
tency purposes because the sequential phoneme-grapheme
encoding is not involved in writing Kanji characters, and thus
“spelling” may not be the most appropriate term for Kanji
character writing.
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Differences in processing demands for reading and
writing across languages can also be inferred by the
connectionist approach to word recognition. For
example, the triangle model of reading (e.g., Harm &
Seidenberg, 2004; Plaut et al., 1996; see also Yang
et al., 2013, for its adaptation to Chinese) postulates
that a child learning to read in English can compute the
pronunciation of a word by relying not only on the
orthography to phonology pathway but also on the
semantics to phonology pathway. Simulation studies
have also shown that the semantics to phonology
pathway becomes more important in the computation
of words with irregular (opaque) grapheme-phoneme
mappings (Harm & Seidenberg, 2004; Plaut et al.,
1996). Given these theoretical premises and empirical
findings, it is reasonable to assume that the connections
between phonology, orthography, and semantics are
somewhat different between languages reflecting the
specific characteristics of each orthography, such as
their depth and breadth. For example, the orthography-
phonology connections may be relatively stronger for
transparent and contained orthographies (e.g., alpha-
betic orthographies, Japanese Hiragana), while the
orthography-semantics connections may be relatively
stronger for opaque and extensive orthographies (e.g.,
Chinese, Japanese Kanji; Yang et al., 2013). This, in
turn, may evoke effects from different cognitive-
linguistic skills.

Cognitive-linguistic skills in literacy development

An important question in this line of research is what
cognitive-linguistic skills are significant predictors of
literacy outcomes in each orthography. Previous cross-
linguistic studies have focused mostly on phonological
awareness and rapid automatized naming (RAN) and
tested their predictive roles in literacy development by
examining the longitudinal associations between them
(e.g., Desrochers et al., 2018; Furnes & Samuelsson,
2011; Georgiou et al., 2012; Landerl et al., 2019; Moll
et al., 2014; for a review, see Landerl et al., 2021).
Phonological awareness has been shown to be important
for learning to read and write because in any given
language it is involved in both decoding and encoding
processes in which the symbols (i.e., letters, characters)
in words are matched to their corresponding sounds (i.e.,
phonemes, syllables) and vice versa (e.g., Georgiou
et al., 2008; Moll et al., 2014; see Melby-Lervag et al.,
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2012, for a meta-analysis of studies in alphabetic
orthographies). A meta-analysis of previous studies in
Chinese (Song et al., 2016), a non-alphabetic (morpho-
syllabic) orthography, reported moderate correlations of
phonological awareness with reading (rs were .36 for
reading accuracy and .39 for reading fluency).
Researchers have also examined the role of RAN
in both reading and writing skills across languages.
RAN, defined as the ability to name as fast as
possible sequentially presented highly familiar visual
stimuli (e.g., letters, digits, colors, objects), has been
found to play an important role in literacy acquisition
because it involves access and retrieval of phonolog-
ical representations from long-term memory (see
Kirby et al., 2010, for a review). Meta-analyses of
studies across alphabetic and non-alphabetic
orthographies reported moderate correlations
between RAN and reading accuracy (r=.42; Aradgjo
et al., 2015; see also Song et al., 2016) and between
RAN and spelling/writing (r=.35; Chen et al., 2021).
Interestingly, they also showed that the relationships
of RAN with reading and writing were relatively
stronger in opaque orthographies than in intermediate
or transparent orthographies, suggesting that the
RAN-reading and RAN-writing relationships may
vary as a function of orthographic consistency.
Finally, beyond phonological awareness and RAN,
morphological awareness, defined as the ability to
reflect on and manipulate the morphemic units of
words, has been found to support word reading and
writing by facilitating the recognition of words’
morphological structure (e.g., Carlisle, 1995; Kuo &
Anderson, 2006). A meta-analysis of existing studies
in English and Chinese provided evidence for the
relationship between morphological awareness and
word reading with the average correlations of .46 for
English and .39 for Chinese (Ruan et al., 2018).
Previous longitudinal studies in Chinese suggested
that morphological awareness may be particularly
important for learning morphographic scripts, includ-
ing Chinese, because of the critical role meaning
plays in recognizing characters used in highly
phonologically opaque orthographies (e.g., Li et al.,
2012; Lin et al., 2019; McBride-Chang et al., 2008).

The Japanese writing system

The Japanese writing system uses four different types
of script within one language: two types of syllabic
kana (cursive Hiragana and more angular Katakana),
morphographic Kanji, and alphabetic romaji (Koda,
2017; Taylor & Taylor, 2014). In this study, we
focused on Hiragana and Kanji, the two scripts that
are most frequently used in modern text in Japanese.
Hiragana is a phonologically transparent phonetic
(syllabic or moraic) script in which each character
corresponds to the same syllable or mora (a syllable-
like phonological unit) in all words (e.g., J» can only
be read as /ka/ across word contexts; Akamatsu,
2005; Smith, 1996). Of a total 108 graphemes in
Hiragana that represent the same number of distinct
mora used in Japanese phonology, 46 basic characters
represent five vowels (a, i, u, e, 0), 40 consonant—
vowel (CV) combinations, and one nasal sound /n/.
Twenty-five secondary characters are formed by
adding two kinds of diacritical markers to the right
top of basic characters and represent voiced and
semi-voiced syllables (e.g., & /ba/, ¥ /pa/). In
addition, four types of special notations that consist
of a set of Hiragana characters represent a single
mora but a phonological structure other than CV or V
(e.g., L+ /sha/, &, /kyu/). It should be noted that
although Hiragana has almost perfect one-to-one
grapheme-sound correspondences, some characters
represent two distinct pronunciations (e.g., [ can be
read /ha/ and /wa/) and some sounds are written with
different characters depending on the context (e.g.,
the second part of the long vowel /oo/ is written with
3 Ju/ instead of B /o/ in some words, (T 3L /booshi/
‘hat’; for a more detailed description, see Taylor &
Taylor, 2014).

In contrast, Kanji is a morphographic script
originated from Chinese in which each character
can represent multiple sounds and morphemes
depending on the word context (e.g., & can mean
‘sky’ and ‘empty’, and it can be read as /sora/, /kuu/, /
a/, and /kara/). A total of 2,136 Kanji characters are
generally used in modern Japanese text, and most
Kanji characters have two types of readings: On-
reading (the original Chinese pronunciation), which
is mainly used for compound words, and Kun-reading
(the Japanese translation of the original Chinese
character), which is more common for single-char-
acter words. We call Kanji “morphographic” instead
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of “morphosyllabic” because unlike morphosyllabic
Chinese, where all characters represent single sylla-
bles, Kun-readings of Kanji characters are frequently
multisyllabic (e.g., A /hito/ ‘person’, BE /kuruma/
‘car’). While Hiragana characters are used mainly to
represent syntactic morphemes such as function
words and inflectional affixes, Kanji characters are
used for content morphemes such as nouns and root
morphemes of verbs, adjectives, and adverbs (Taylor
& Taylor, 2014).

Most Japanese children learn to read the 46 basic
Hiragana characters even before they start formal
education at school (Mikami et al., 2008) as Hiragana
characters are frequently introduced at home and in
kindergarten/nursery informally. Formal instruction
of Hiragana commences at the beginning of Grade 1,
and most children master the Hiragana orthography,
including those with diacritic markers and special
notations relatively quickly within the first few
months (Ota et al., 2018). Children then start learning
Kanji at around the middle of Grade 1 and are
expected to learn a total of 1,026 Kanji characters set
by the national standard curriculum (Ministry of
Education, Culture, Sports, Science and Technology,
2017) by the end of primary education (Grade 6).
Kanji instruction begins with 80 most common
characters (e.g., [l| /yama/ ‘mountain’, JI| /kawa/
‘river’) followed by 160 and 200 characters in Grades
2 and 3, respectively. Children’s early texts are
written solely in Hiragana (e.g., bIZUE SIZANZ K
‘T go to a park’), but the rate of Kanji use gradually
increases as they learn more Kanji characters (e.g., #
FABEITITL I go to a park’; the first, third, fourth,
and sixth characters in the sentence are Kanji; see
Koda, 2017, for a more detailed description). Hira-
gana is also used to help children learn Kanji
characters by indicating their appropriate readings
(e.g., when children learn the Kanji character L/
yama/ ‘mountain’, its Hiragana transcription % /ya-
ma/ is also presented in small size on top of or beside
the Kanji character as a phonetic guide) until they
learn the Kanji characters.

Several studies in Japanese have examined the
predictive role of cognitive-linguistic skills in literacy
development in Hiragana and Kanji and have
produced mixed results (e.g., Koyama et al., 2008;
Muroya et al., 2017; Ogino et al., 2017; Takahashi,
2001; Tanji & Inoue, 2021). For example, Ogino
et al. (2017) showed that whereas phonological

@ Springer

awareness (assessed with a mora reversal task) and
RAN predicted Hiragana reading accuracy in kinder-
garten, phonological awareness, but not RAN,
predicted Kanji reading accuracy in Grade 2. In
contrast, Tanji and Inoue (2021) showed that RAN
and morphological awareness in kindergarten, but not
phonological awareness, predicted Kanji reading
accuracy in Grade 1. Interestingly, some studies have
reported that despite the considerable differences in
the cognitive-linguistic predictors of literacy skills
between Hiragana and Kanji, there is a positive
association in each literacy outcome across the two
scripts (i.e., early Hiragana reading predicted later
Kanji reading even when early Kanji reading was
controlled; Inoue et al., 2019; Kobayashi et al., 2005),
suggesting a cross-script transfer.

It should be noted, however, that existing studies on
the cognitive-linguistic correlates of multiscriptal liter-
acy development, including those in Japanese, have
some important limitations. First, to date, only a handful
of studies have tested the developmental relations
between reading and writing simultaneously in multi-
scriptal contexts, and no studies in Japanese have
examined the cross-domain effect of reading in Hira-
gana on writing in Kanji. Given the close developmental
link between reading and writing skills (e.g., Ehri, 2000;
Georgiou et al., 2020; Vaessen & Blomert, 2013; Ye
et al., 2022), testing a model that includes both literacy
outcomes is also important for examining the unique
cognitive-linguistic predictors of each literacy outcome
while controlling for the covariance between the two
skills. Second, because most existing studies on multi-
scriptal literacy development have been conducted in a
bilingual context, we cannot rule out the possibility that
the potential differences in instructional methods and
children’s relative proficiency between the first and
second languages have influenced the observed results.
In light of this, the hybrid writing system of Japanese
gives us a great cross-scriptal research opportunity
within the same language. Finally, most previous studies
did not control for the potential confounding effects of
environmental factors, such as parental teaching and
education levels, when examining the cognitive-lin-
guistic skills of literacy development. Previous studies
have shown that parental teaching predicts children’s
code-related skills, such as phonological awareness and
letter knowledge (e.g., Hamilton et al., 2016; Inoue
et al., 2020). Similarly, some studies in Japanese have
shown that parents’ education is associated with
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children’s character knowledge in Hiragana and Kanji
(e.g., Hamano & Uchida, 2012; Inoue et al., 2018).
Given these findings, we controlled for the effects of
these factors when examining the cognitive-linguistic
predictors of literacy skills.

The present study

The purpose of this longitudinal study was twofold: (1)
to examine the cognitive-linguistic predictors of reading
and writing skills in syllabic Hiragana and morpho-
graphic Kanji; (2) to examine the cross-script (i.e.,
between Hiragana and Kanji) and cross-domain (i.e.,
between reading and writing) effects in the hybrid
orthography of Japanese. Importantly, this study is
among the first to test the cognitive-linguistic predictors
of both reading and writing in the two different types of
script in the same model while also controlling for the
covariance between the two literacy outcomes.

The hypothesized model is shown in Fig. 1. Based
on the findings of previous studies (e.g., Inoue et al.,
2017; Koyama et al., 2008; Ogino et al., 2017), we
expected that the relative importance of cognitive-
linguistic skills in literacy development would be
moderated by the characteristics of the two scripts.
Specifically, we expected that phonological awareness

and RAN would be more closely associated with
syllabic Hiragana because of its closer orthography to
phonology associations (e.g., Kobayashi et al., 2005;
Ogino et al., 2017), whereas morphological awareness
would play a more important role in Kanji literacy
development because of the critical role meaning plays
in learning phonologically-opaque morphographic char-
acters (e.g., Muroya et al., 2017; Tanji & Inoue, 2021).
Additionally, we expected that early reading and
writing in Hiragana would predict their counterparts
in Kanji at a later time point because Hiragana is used
to help children learn Kanji characters, and previous
studies have shown that literacy skills in Hiragana and
Kanji partly share their cognitive underpinnings (e.g.,
Inoue et al., 2017, 2019; Tanji & Inoue, 2021). We did
not formulate any specific hypotheses for the influence
of early reading/writing in Hiragana on later writing/
reading in Kanji because no previous studies have
examined the cross-domain associations between them.

Method
Participants

One hundred seventy children (83 girls, 87 boys;
M,5.=80.12  months, SD=3.62, Range=73-

Phonological
awareness
RAN Kaniji cha@cter
recognition
Morphological
awareness
Parents’ teaching Kaniji writing e
Parents’ education Hiragana character
recognition
Hiragana writing
Beginning of Grade 1 | | End of Grade 2

Fig. 1 Hypothesized Model for the Literacy Skills in Hiragana and Kanji
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87 months) were recruited from public elementary
schools in Japan to participate in a larger project
examining early literacy development in Japanese.
The schools were located in six different cities in
order to increase the representation of different
demographics in our sample. We followed the
children from the beginning of Grade 1 (Time 1) to
the end of Grade 2 (Time 2). All children were native
speakers of Japanese, and none was experiencing any
intellectual, sensory, or behavioral difficulties (based
on parents’ and teachers’ reports). By Time 2, our
sample consisted of 135 children. The children who
withdrew from the study did not differ significantly
from the remaining children in any measures in
Grade 1 (ps>.10). Parents’ written consent was
obtained prior to testing. Ethics permission was also
obtained from Seigakuin University (ref. no.:
2013-001).

Measures
Phonological awareness

All cognitive-linguistic and literacy measures
described below were originally developed for a
larger longitudinal study on early literacy acquisition
in Japanese (Inoue et al., 2017, 2020). Mora Deletion-
Word and Mora Deletion-Nonword were used to
assess phonological awareness. Mora deletion tasks
have been used in several previous studies in
Japanese, showing high internal consistency (Cron-
bach’s alpha reliability > .80) and predictive validity
(i.e., significant associations with word reading skills;
e.g., Kobayashi et al., 2005; Koyama et al., 2008).
Children were orally presented a word/nonword and
asked to say the word/nonword without saying one of
its morae (e.g., “Say /kombu/ ‘seaweed.” Now say /
kombu/ without /m/.” The correct answer is /kobu/
‘bump’). The tasks consisted of two blocks of six
items each, and testing was discontinued after four
errors within a block. A child’s score for each test
was the number of correct items (max=12). Cron-
bach’s alpha reliability in our sample were .87 for
Mora Deletion-Word and .89 for Mora Deletion-
Nonword, and the correlation between the two tasks
was .76. A composite score for phonological aware-
ness was subsequently created by averaging the z-
scores of Mora Deletion-Word and Mora Deletion-
Nonword and used in the analyses.
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Rapid automatized naming (RAN)

Digit Naming and Color Naming were administered.
In Digit Naming, children were asked to name as fast
as possible four recurring digits (2, 4, 5, and 7,
pronounced as /ni/, /yon/, /go/, and /nana/, respec-
tively) arranged semi-randomly in four rows of six on
each of two separate pages. In Color Naming,
children were asked to name as fast as possible four
recurring colors (blue, red, green, and yellow;
pronounced /ao/, /aka/, /midori/, and /kiiro/). Before
the timed naming, each child was asked to name the
digits/colors to ensure familiarity. The two pages for
each task were timed separately. A child’s score for
each task was the average time to name the
digits/colors across the two pages. Because only a
few naming errors occurred (mean number of errors
was less than one), they were not considered further.
The correlations between the two trials were .82 for
Digit Naming and .72 for Color Naming, and the
correlation between the two tasks was .61. A
composite score for RAN was subsequently created
by averaging the z-scores of Digit Naming and Color
Naming and used in the analyses.

Morphological awareness

The Word Analogy task (Muroya et al., 2017) was
used. Children were orally presented by experi-
menters a model pair of two words followed by one
of the target pair and then were asked to produce the
missing word in the target pair on the basis of the
morphological relationship between two words in the
immediately preceding pair (e.g., “If I say /hirou/
‘pick up’ and then I say /hirotta/ ‘picked up’; then I
say /aruku/ ‘walk’, so then what should I say?”: The
correct answer is /aruita/ ‘walked’; “If I say /hanashi/
‘story’ and then I say /hanasu/ ‘to talk’; then I say /
asobi/ ‘game’, so then what should I say?”: The
correct answer is /asobu/ ‘to play’; see Muroya et al.,
2017, for a complete list of the items). The task
consisted of two blocks, one with 10 inflectional and
the other with 10 derivational items, given in a fixed
order. Both blocks were discontinued after four
consecutive errors. A child’s score was the total
number of correct responses in the two blocks (max=
20). Cronbach’s alpha reliability in our sample was
.85.
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Hiragana literacy skills

The Hiragana character recognition test consisted of
50 items: 10 basic characters (e.g., }* /ka/, C /ko/), 20
characters with diacritic marks (e.g., Z fz0l, ¥ Ipi/),
and 20 character pairs for special notations for glides
(e.g., Lo /sha/, &, /kyu/; see Appendix A). Given that
most Japanese children master the basic 46 Hiragana
characters before they start formal education at
school (Mikami et al., 2008), we oversampled
characters with diacritic marks and those using the
special notation rules to avoid a ceiling effect. The
items were arranged in terms of increasing difficulty
based on the notation type included (i.e., the test
started with basic Hiragana characters and proceeded
to special notations) and the percentage of correct
answers for each character or character pair in a
national survey (National Institute for Japanese
Language and Linguistics, 1972). Children were
asked to read the items presented on a sheet of paper
as accurately as possible. A child’s score was the
number of items correct. Cronbach’s alpha reliability
coefficient in our sample was .94. The Hiragana
writing test consisted of 15 items: three basic
characters, three characters with diacritic markers,
three special notations for glides, and six words (two
words of 2, 4, or 6 characters each; see Appendix B).
Children were required to write on a paper with
numbered spaces a sound or a word that was dictated
to them. A child’s score was the number of items
correct. Cronbach’s alpha reliability in our sample
was .75.

Kanyji literacy skills

The Kanji character recognition test consisted of 120
Kanji words (20 characters from each grade from 1 to
6). We included Kanji characters that are introduced
in higher grades (i.e., Grades 3—6) because pilot data
we had collected indicated that (1) most children in
Grades 1 and 2 could read most of the Kanji
characters that are introduced at their grade, and thus
ceiling effects were expected; (2) some children
could read Kanji characters from higher grades. The
items were arranged in terms of grades in which they
are taught. In addition, they were arranged in terms of
increasing difficulty within each grade based on the
percentage of correct answers for each character in
the national survey (Japan Foundation for

Educational & Cultural Research, 1998). Children
were asked to read aloud the words presented on a
sheet of paper as accurately as possible. Testing was
discontinued after six consecutive errors. A child’s
score was the number of items correct. Cronbach’s
alpha reliability in our sample was .97. The Kanji
writing test consisted of 120 characters (20 characters
from each grade from 1 to 6) that were arranged in
terms of increasing difficulty based on the national
survey (Japan Foundation for Educational & Cultural
Research, 1998). Half of the items were On-reading
words and the other half Kun-reading words. The
average number of strokes for the Kanji characters
was 9.0 (SD=3.8, range=1-18). Children were pre-
sented with a short sentence written in Hiragana and
asked to read the sentence and to write the Kanji
character for the word specified by a byline on a
paper with numbered spaces. Testing was discontin-
ued after six consecutive errors. A child’s score was
the number of items correct. Cronbach’s alpha
reliability in our sample was .81.

Parents’ teaching

The frequency of parents’ direct teaching was
assessed by asking parents to indicate on a 5-point
Likert scale how often they taught their child
(a) reading characters/words and (b) writing charac-
ters/simple words, such as his/her name. The Likert
scale ranged from never (0) to every day (4). The
score for parents’ teaching was the sum of the scores
of the two items (max=8). Cronbach’s alpha relia-
bility in our sample was .88.

Parents’ education

We asked parents to provide information on their
highest achieved education. The scale had six options
ranging from 1=some high school studies to 6=
completed graduate studies (see Note under Table 1,
for the full scales). A composite score for parents’
education was calculated by averaging z-scores of the
scores for mother’s and father’s education. The
correlation between mothers’ and fathers’ education
levels in our sample was .51.
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Table 1 Descriptive Statistics and Correlations for the Measures Used in the Study

Measure (Max) n M SD Range
Time 1 (beginning of Grade 1)

Age in months 170 80.12 3.62 73-87
Mora Deletion-Word (12) 170 7.93 3.73 0-12
Mora Deletion-Nonword (12) 170 6.82 3.92 0-12
Color Naming 147 22.77 5.40 11.0-38.6
Digit Naming 147 14.84 3.29 8.0-24.6
Word Analogy-Inflection (10) 164 4.76 2.64 0-10
Word Analogy-Derivation (10) 164 5.23 2.64 0-10
Parents’ teaching (12) 143 6.39 3.27 0-12
Fathers’ education® (6) 139 3.94 1.52 1-6
Mothers’ education® (6) 142 3.75 1.19 1-6
Hiragana character recognition (50) 147 44.81 6.98 11-50
Hiragana writing (15) 147 12.20 2.68 3-15
Time 2 (end of Grade 2)

Kanji character recognition (120) 135 38.06 14.55 19-81
Kanji writing (120) 135 30.34 5.04 19-45

# Parents’ education was measured on a 6-point scale: some high school studies (1); completed high school (2); completed vocational
college (3); completed junior college (4); completed university degree (5); completed graduate studies (6)

Procedure

The children were assessed on the cognitive-linguis-
tic skills and Hiragana literacy skills at the beginning
of Grade 1 (May/June; Time 1) and Kanji literacy
skills at the end of Grade 2 (November/December;
Time 2). The measures of Kanji literacy skills were
not administered at Time 1 because no Kanji
characters had been introduced at school by that
time and because pilot data we had collected
indicated that very few children could read or write
any Kanji characters at that time. Their parents were
asked to fill out a questionnaire on parental teaching
and education level at Time 1. All children were
tested individually by trained research assistants in
their respective schools. Testing lasted roughly
40 min at Time 1 and 20 min at Time 2.

Statistical analysis
First, to examine the associations between the
predictor variables, early Hiragana literacy skills,

and later Kanji literacy skills, we constructed a
longitudinal path model (Fig. 1). Non-significant

@ Springer

paths were eliminated one-at-a-time while monitoring
the model fit to estimate a more parsimonious model
with fewer paths. The model fit was assessed using
the chi-square value, the comparative fit index (CFI),
the Tucker-Lewis index (TLI), the root-mean-square
error of approximation (RMSEA), and the standard-
ized root-mean-square residual (SRMR). A non-
significant chi-square value, CFI and TLI values
above .95, an RMSEA value below .06, and an
SRMR value below .08 indicate good model fit
(Kline, 2015). Next, to examine the indirect effect of
the predictor variables on Kanji literacy skills
through Hiragana literacy skills, we conducted
mediation analysis (Hayes, 2018). To establish con-
fidence intervals (CIs) for the indirect effects, we
used a bootstrapping technique with 5,000 resamples
(Hayes & Scharkow, 2013). All analyses were
conducted using Mplus (Muthén & Muthén, 1998—
2017), and missing data were handled by the full
information maximum likelihood estimation (Gra-
ham, 2009).
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Results
Descriptive statistics and correlations

Descriptive statistics for all measures used in the
study are shown in Table 1. An initial inspection of
the distributional properties of the measures revealed
that, as expected on the basis of previous studies (e.
g., Ota et al., 2018), the distributions of character
recognition and writing in Hiragana were negatively
skewed and showed signs of ceiling effects (25% and
24% of the children scored the maximum possible
score for Hiragana character recognition and writing,
respectively). Reflection plus log transformation was
performed to achieve normality (Tabachnick &
Fidell, 2012). Because the scores were reflected, the
scores were multiplied by -1 to correct for direction.
In addition, character recognition and writing in
Kanji were positively skewed. Log transformation
was used to normalize the distributions. The trans-
formed scores were used in all further analyses.

The correlations among the variables are shown in
Table 2. The correlations between the predictor
variables and Hiragana literacy skills ranged from
.20 to .57, with the strongest correlations observed for
phonological awareness. In turn, the correlations
between the predictor variables and Kanji literacy
skills ranged from .19 to .43, with the strongest
correlations observed for morphological awareness.
Finally, the correlations between literacy skills in

Table 2 Correlations among the Observed Variables

Hiragana and Kanji ranged from .24 to .57, indicating
moderate cross-script associations between them.

Path analysis

The final path model for the relationship between the
predictor variables and literacy skills in Hiragana and
Kanji is shown in Fig. 2. The model showed an
excellent fit, X2=11.34, df=117, p=.84, CFI=1.00,
TLI=1.00, RMSEA=.00, 90% CI [.00, .05], SRMR
=.07. The results showed that phonological aware-
ness and RAN at Time 1 were uniquely associated
with both character recognition and writing in
Hiragana at Time 1 (character recognition: s were
.35 and —.29 for phonological awareness and RAN,
respectively; writing: fs were .43 and —.21 for
phonological awareness and RAN, respectively).
Parents’ education was also associated with Hiragana
writing at Time 1 (B=.16). Morphological awareness
at Time 1 had a direct effect on the literacy skills in
Kanji at Time 2 (Bs were .25 and .30 for character
recognition and writing, respectively). In addition,
Hiragana character recognition and phonological
awareness at Time 1 predicted Kanji character
recognition at Time 2 (fs were .30 and .18 for
Hiragana character recognition and phonological
awareness, respectively), while Hiragana writing
and parents’ teaching at Time 1 predicted Kanji
writing at Time 2 (s were .33 and .15 for Hiragana
writing and parents’ teaching, respectively).

1 2 3 4 5 6 7 8 9
1. Age in months
2. Phonological awareness .06
3. RAN -21* —30%**
4. Morphological awareness —.19* A2%% —-.14
5. Parents’ teaching —-.06 -.10 —.11 —-.08
6. Parents’ education .00 12 -.14 .07 —-.16
7. Hiragana character recognition .09 52%% —44** 27F% .06 -.01
8. Hiragana writing 15 ST —37** 35%* .02 18* ST
9. Kanji character recognition .06 34%5% —.19% 43k .07 .07 35 30%*
10. Kanji writing .07 25%* —27** 345 17 .07 24 37 S55%*

*p <.05. **p < .01
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Phonological
awareness
18*
RAN Kaniji chargcter
.25 recognition
Re =30
Morphological
awareness 31 39
29
Parents’ teaching ats Kaniji writing e
Re=.25
Parents’ education Hiragana character ferh
recognition
Re= .24
31
Hiragana writing
R2=.32
Beginning of Grade 1 | | End of Grade 2

Fig. 2 Final Model for the Literacy Skills in Hiragana and Kanji (Standard Solutions). *p <.05. **p <.01. ***p < .001

Table 3 Indirect Effects of Predictor Variables on Literacy Outcomes in Hiragana and Kanji

Indirect effect Estimate Bootstrapped
95% CI
Phonological awareness Hiragana character recognition Kanji character recognition 1 [.04, .22]
RAN Hiragana character recognition Kanji character recognition -.09 [-.17, —.03]
Phonological awareness Hiragana Y Kanji writing .14 [.05, .25]
RAN Hiragana writing Kanji writing -.07 [-.15, —.02]
Parents’ education Hiragana writing Kanji writing .05 [.01, .13]

CI confidence interval

Finally, the results of mediation analysis are
shown in Table 3. Phonological awareness and
RAN at Time 1 indirectly predicted character recog-
nition and writing in Kanji at Time 2 through their
counterparts in Hiragana at Time 1. Additionally,
parents’ education had an indirect effect on Kanji
writing at Time 2 through Hiragana writing at Time
1. Taken together, these results indicated that
phonological awareness predicted Kanji character
recognition both directly and indirectly through
Hiragana character recognition, and it predicted
Kanji writing only indirectly through Hiragana writ-
ing; the effects of RAN on Kanji literacy skills were
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fully mediated by Hiragana literacy skills; morpho-
logical awareness had only direct effects on Kanji
literacy skills.

Discussion

We examined the cognitive-linguistic predictors of
reading and writing skills in syllabic Hiragana and
morphographic Kanji in Japanese. Based on the
findings of previous studies in Japanese (e.g.,
Kobayashi et al., 2005; Koyama et al., 2008; Muroya
et al., 2017), we hypothesized that phonological
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awareness and RAN would be more closely associ-
ated with syllabic Hiragana, whereas morphological
awareness would play a more important role in Kanji
literacy development. Additionally, we expected that
Hiragana literacy skills would predict their counter-
parts in Kanji. The results showed first that, in line
with our first hypothesis and the findings of previous
studies in Japanese (e.g., Kobayashi et al., 2005;
Ogino et al., 2017; Tanji & Inoue, 2021), phonolog-
ical awareness and RAN were significantly associated
with early character recognition and writing in
Hiragana after controlling for the effects of parents’
teaching and education levels. Similar findings have
been consistently reported in phonologically trans-
parent alphabetic orthographies (e.g., Caravolas et al.,
2012; Furnes & Samuelsson, 2011; Georgiou et al.,
2012; Moll et al., 2014; Ziegler et al., 2010). Even
though Hiragana has highly transparent character-
sound mappings, its characteristics as a phonetic
(syllabic or moraic) script may lead to an important
role the two aspects of phonological processing skills
can play in Hiragana literacy acquisition, especially
at the early phase of development. As suggested in
previous studies in phonologically transparent alpha-
betic orthographies, phonological awareness may
support both decoding and encoding processes in
Hiragana in which characters are matched to their
corresponding syllables and vice versa, and RAN
may support the formation of character-to-syllable
and syllable-to-character connections (e.g., Kirby
et al., 2010; Melby-Lervag et al., 2012).

In turn, among the cognitive-linguistic predictors
included in the study, morphological awareness had
the strongest direct effects on later Kanji character
recognition and writing when the effects of early
Hiragana literacy skills were controlled. This result is
consistent with those of existing studies in Japanese
(e.g., Muroya et al., 2017; Tanji & Inoue, 2021).
Together with the findings of previous studies in
morphosyllabic Chinese (e.g., Li et al., 2012; Lin
et al., 2019; McBride-Chang et al., 2008) and Korean
Hanja (e.g., Cho & Lee, 2010), this finding provides
further evidence for the pivotal role meaning plays in
early literacy development in morphographic
orthographies where the character-sound correspon-
dences are phonologically opaque. As suggested by
the “binding agent” theory (Kirby & Bowers, 2017)
as well as the findings of previous studies in Japanese
(e.g., Muroya et al., 2017; Tanji & Inoue, 2021),

morphological awareness may facilitate Kanji learn-
ing by contributing to the establishment of high
quality lexical representations of Kanji characters.
Arguably, if the underlying cognitive-linguistic foun-
dations for early literacy acquisition vary depending
on the characteristics of script children learn, it would
be important that the assessments and instruction
reflect these differences. Specifically, early instruc-
tion of phonological awareness may facilitate early
literacy development in Hiragana, while that of
morphological awareness would likely be more
beneficial to later literacy development in Kanji. In
addition, it would be reasonable to expect that the
roles word reading in Hiragana and Kanji play in
reading comprehension may also be different (for
a relevant finding, see Takahashi, 2001).

It should be noted, however, that phonological
awareness also predicted Kanji character recognition
over and above the effect of morphological aware-
ness, and phonological awareness and RAN had
indirect effects on later Kanji literacy skills through
early Hiragana literacy skills. There are two expla-
nations for these findings. First, learning Kanji
characters may indeed require children to rely on
phonological awareness due to its complex, one-to-
many  orthography-phonology = mappings (see
Tamaoka & Taft, 2010). Second, the results may
reflect the fact that Hiragana is used to help children
learn Kanji characters by indicating their pronunci-
ations when new Kanji characters are introduced,
which may have resulted in the mediated link
between phonological awareness and Kanji literacy
skills. In other words, syllabic Hiragana may play a
bridging role in learning the opaque orthography-
phonology mappings in the Kanji orthography. This
is similar to the role the auxiliary phonetic script
(Pinyin in mainland China and Zhuyin in Taiwan)
plays in Chinese (Hanley, 2005). From a practical
point of view, our results emphasize the importance
of helping children learn basic reading and writing
skills in Hiragana during the first few months of
formal literacy instruction (see Inoue et al., 2019).

Interestingly, for both Hiragana and Kanji, the
cognitive-linguistic predictors of character recogni-
tion and writing were almost identical (see Fig. 2).
Moreover, there were significant and moderate
residual covariances between character recognition
and writing in both scripts even after controlling for
the effects of cognitive-linguistic skills and parental
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factors. An important theoretical implication of these
findings is that, as has been suggested in previous
studies in alphabetic orthographies (e.g., Ehri, 2000;
Georgiou et al., 2020; Vaessen & Blomert, 2013) and
Chinese (e.g., Li et al., 2012; Ye et al., 2022), there
may be a close developmental link between reading
and writing across different types of script, including
syllabary and morphography.

Finally, our results showed that Hiragana literacy
skills in Grade 1 predicted their counterparts in Kanji
in Grade 2, indicating a cross-script transfer of
literacy skills in the hybrid orthography of Japanese.
In contrast, we did not find evidence for the cross-
domain transfer (i.e., the effect of reading on writing
and vice versa) between literacy skills in the two
scripts. One explanation for these results is that there
might be script-universal but domain-specific under-
lying mechanisms that provide support for the
development of each literacy skill across scripts.
For example, given the findings of previous studies
across writing systems, visual-verbal paired associate
learning for reading development (e.g., Georgiou
et al., 2017; Liu et al., 2021) and perceptual-motor
skills for writing development (e.g., Maldarelli et al.,
2015; Xu et al., 2020) may be possible candidates for
those mechanisms. However, further studies are
clearly needed to clarify the mechanisms responsible
for the cross-script associations in Japanese.

Some limitations of our study are worth mention-
ing. First, our study was correlational and any
relations found in the study do not directly imply
causation. Second, we did not assess Kanji literacy
skills at the beginning of Grade 1 and Hiragana
literacy skills at the end of Grade 2. Although this
was necessary because of the sequential learning of
Hiragana and Kanji set by the national standard
curriculum (see Introduction), if we had assessed
literacy skills in the two scripts in both testing points,
it would have allowed us to examine the bidirectional
relationship between literacy skills in Hiragana and
Kanji. Finally, our study covered only two years, and
especially given the prolonged processes of learning
the large number of Kanji characters, a future study
should examine the cognitive-linguistic predictors
over a longer developmental period.

To conclude, our findings indicated that phono-
logical awareness and RAN were associated with
early reading and writing in syllabic Hiragana, which,
in turn, predicted their counterparts in morphographic
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Kanji. Morphological awareness predicted later Kanji
literacy skills over and above the effects of Hiragana
literacy skills. Taken together, these findings suggest
that the cognitive-linguistic foundations for literacy
skills are partly different between syllabic Hiragana
and morphographic Kanji and developing reading and
writing in the two scripts may have a cross-script
influence in multiscriptal literacy development in
Japanese.
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Appendix A

Test Items of the Hiragana Character Recognition
Task

No Item No Item
1 L 26 N
2 ® 27 S5

3 6 28 3
4 - 29 U

5 ) 30 <
6 w 31 e
7 B 32 (O3
8 c 33 b,
9 n 34 O»
10 3 35 U
11 bl 36 O,
12 =3 37 &,
13 63 38 Fre
14 'a) 39 [Ty
15 o) 40 &,
16 F 41 (O
17 3 42 Oy
18 63 43 &,
19 & 44 be
20 ~ 45 IS
21 E 46 s
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Appendix continued

No Item No Item
22 =4 47 Ly
23 e 48 Oy
24 F 49 EN
25 (=g 50 &,

Appendix B

Test Items of the Hiragana Writing Task

No Item

1 L

2 A

3 -

4 &

5 F

6 S

7 b

8 ij:

9 Ly

10 63

11 IZbh

12 LolA

13 e

14 SAEIMN
15 LAARA
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