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Abstract

Factors from ecological, psychological, and cognitive domains have all been found to
be important in learning to read words. However, previous studies mainly examined
the effects of the cognitive factors on reading development, and few have
incorporated factors from all three domains and examined their interactions in
contributing to reading development. To conduct a comprehensive examination of the
reading development of the Chinese lower graders, this study included factors from
the ecological, psychological, cognitive domains and examined the relationships
between the factors from different domains and word reading in Chinese lower grade
students under the framework of the Componential Model of Reading (CMR).

In this study, 194 children (mean age = 86.20, SD = 4.92; 119 boys, 75 girls) were
measured in grade one (Time 1). Of these 194 children, 175 (mean age = 103.13, SD
=4.27; 108 boys, 67 girls) were measured again when they were in grade three (Time
2). In addition, 9 boys (mean age = 100.67, SD = 4.67) who were not measured at
Time 1 joined the study at Time 2. At both times, the ecological component was
composed of the home literacy environment and family socioeconomic status, the
cognitive component was composed of vocabulary, working memory, morphological
awareness, and phonological awareness, and the psychological component was
represented by the children’s interest in reading. The outcome variable word reading
was composed of word reading fluency and word reading accuracy.

The results showed that: 1) the factors for each component (i.e., cognitive,

psychological, ecological) significantly loaded onto the respective component, and



i
each component was significantly correlated with word reading (except the ecological
component and word reading at Time 2); 2) the cognitive and the psychological
components contributed directly to word reading, while the ecological component
only contributed indirectly to word reading via the mediations of the other two
components; 3) comparing the models at the two time points, the path from the
ecological component to the cognitive component at the second time was stronger; 4)
the cognitive component at Time 1 contributed to word reading at Time 2 via the
mediation of word reading at Time 1, and the longitudinal indirect effects of
ecological component were nonsignificant; 5) the Time 1 ecological component and
word reading were found to predict the Time 2 psychological component.

Taken together, these findings emphasized the importance of the factors from all three
domains to reading development, validated and extended the CMR in Chinese lower
grade students. The results also underscored the complexities of reading development
with the emergence of the interactive, indirect, and bidirectional relationships between
the components and word reading.

Keywords: Chinese children, word reading, lower grade students, ecological

factors, psychological factors
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Chapter 1: Introduction

Reading is an important skill for children to learn. It serves as a key to understanding
the world, as most knowledge is written in words. Moreover, reading ability
influences children’s academic performances in primary school and beyond, and
contributes to their cognitive development (Boland, 1993; Cunningham & Stanovich,
1998). Because of its importance in child development, many studies have
investigated the topic of reading development. Most of these have examined it from
the perspective of the cognitive domain. For illustration, | conducted a literature
search and categorized the research perspectives of the resulting studies into cognitive
(e.g., vocabulary, morphological awareness, working memory), ecological (e.g.,
literacy environment at home), and psychological (e.g., reading motivation) domains.
Specifically, the search covered peer-reviewed journal articles dated from 2000 to
2020 in PsycARTICLE and PsycINFO databases using the keywords child and word
reading, focusing on the studies with participants aged 6- to 12-years, in primary
school. There were 122 resulting studies, of which 113 (92.6%) examined children’s
word reading from the cognitive domain. Only 9 studies (7.4%) were from the
psychological or ecological domains. Although this was not a complete literature
search that included all the relevant literature, the result provided a snapshot of the
prevalence of the cognitive perspective and the lack of an ecological or psychological

perspective in the reading literature.



However, some studies have found that ecological components (e.g., family
socioeconomic status, home literacy environment) and psychological components
(e.g., reading interest, temperament) do make significant contributions to reading
development (e.g., Burgess, 1997; Chiu, McBride-Chang, & Lin, 2012; Katzir,
Lesaux, & Kim, 2009; Molfese, Modglin, & Molfese, 2007; Wigfield & Guthrie,
1997). Previous studies have found that these two components explained 8% to 30%
of the variance of the reading outcomes in primary school children (e.g., Howard et
al., 2014; Katzir et al., 2009; Sikio et al., 2018; Torppa et al., 2019). In other words,
the numbers of reading studies from these two perspectives is disproportionately low,
compared to their contribution to reading development. Moreover, most studies have
only considered components from one domain (e.g., only including the cognitive
factors). The indirect relations between factors from multiple domains and reading
outcomes were thus less studied. This can be a limitation since components from
different domains may not work independently but interact with each other in
contributing to reading development (Bronfenbrenner, 1986). For example, a rich
home-literacy environment (i.e., an ecological factor) may be beneficial to children’s
vocabularies (a cognitive factor), and the improved vocabulary in turn can facilitate
their reading abilities (e.g., Zhang et al., 2019). As a result, previous studies may have
underestimated the contribution of components from ecological and psychological
domains by not accounting for their indirect influences. More comprehensive studies
that incorporate components from multiple domains and structural paths (direct and

indirect) are needed for a better understand of reading development. Therefore, the



present study aimed at incorporating components from multiple domains and
examining their interactions in contributing to the reading development.

One of the starting points for this comprehensive investigation was the lower grade
students. This is because the bulk of reading development happens in the lower grades
of primary school. For example, using the scores of seven standardized reading
achievement tests, Bloom, Hill, Black, & Lipsey (2008) found, in children from the
United States, that reading ability increased most in the lower grades and gradually
slowed in momentum throughout the primary years. This is also in accordance with
the structure of the Chinese curriculum in China, with the lower grade students
learning a large portion of new characters, while the number of new characters
decreases in higher grades (Shu, Chen, Anderson, Wu, & Xuan, 2003). Moreover,
reading ability in the lower grades is highly associated with reading ability in the
higher grades. This is supported by the examples of Pan et al. (2011) (rs =0.76 to
0.86 for character reading in grade one and character reading in higher grades) and
Wagner et al. (1997) ( rs = 0.62 to 0.84 for word reading in grade one and word
reading in higher grades). In contrast, the association between reading competence in
kindergarten and primary school is lower, e.g., rs = 0.27 to 0.32 for character reading
in kindergarten and in primary school (Pan et al., 2011); rs = 0.27 to 0.69 for word
reading in kindergarten and in primary school ( Wagner et al., 1997). These results
suggest that the start of formal schooling has a large impact on children’s reading
abilities. In addition, children in mainland China only began their literacy learning

when they entered primary school (Li & Rao, 2005), which may be one of the reasons



for the highly correlated reading performances found in Chinese children within the
primary school period but not across kindergarten and primary school. In sum, the
development of reading ability in the lower grades lays the foundation for reading
ability in the higher grades. Thus, in this study, | examined reading development in
lower grade students.

Word reading was chosen as the reading outcome in this study for three reasons. First,
this study focused on the reading development of lower grade Chinese students; their
major task in the Chinese course is character and word learning (The Ministry of
Education of People’s Republic of China, 2011). Second, word reading serves as a
foundation to attain higher reading ability, such as sentence and passage
comprehension (Gough & Tunmer, 1986; Perfetti, 2017). Previous studies have
consistently found the relationship between word reading and reading comprehension
(e.g., Adlof, Catts, & Little, 2006; Kim, 2017; Perfetti, 2007; Yeung, Ho, Chan,
Chung, & Wong, 2013). Third, because Chinese has an opaque orthography (i.e., few
and inconsistent phonological cues in Chinese), Chinese word reading demands more
word-level knowledge (e.g., semantic knowledge) comparing to word reading in
alphabetic languages (McBride, 2016a). Understanding both word form and meaning
is required for successful decoding in Chinese (Zhou, Duff, & Hulme, 2015). In other
words, Chinese word reading examines multiple dimensions (e.g., semantic,
phonological) of word-level knowledge (Liu, Li, & Wong, 2017).

This study aimed to include both accuracy and fluency measures of word reading for

the word-reading skill. According to the Lexical Quality Theory (LQT), both



accuracy and fluency are representations of lexical quality, which in turn contributes
to reading comprehension (Perfetti, 2007). Similarly, both decoding accuracy and
fluency were included in the Simple View of Reading (SVR) model (Hoover &
Gough, 1990). Word-reading fluency was also found to correlate with reading
comprehension in children across languages (e.g., Cheng et al., 2017; Fuchs, Fuchs,
Hosp, & Jenkins, 2001; Kim, Park, & Wagner, 2014), as predicted by the two models.
Moreover, word-reading fluency was found to predict reading comprehension in
Chinese children after accounting for word-reading accuracy (e.g., Joshi et al., 2012;
Yeung et al., 2016).

To summarize, previous studies have focused largely on the relationships between
cognitive factors and reading outcomes, while the relationships between
psychological factors, ecological factors, and reading outcomes have received less
attention. Studies of the indirect and reciprocal relationships between components in
different domains and reading are also lacking. However, cognitive factors are not the
sole influencers of reading outcomes, and factors from multiple domains may not
contribute to reading independently but interact with each other to affect reading
ability. In addition, reading ability may also exert its influence on these components.
For a comprehensive and nuanced understanding of the reading development in lower
grade Chinese students, this study incorporated factors from the cognitive,
psychological, ecological domains, and examined the direct, indirect, and reciprocal
relationships between these factors and word reading by tracking a group of students

from grade one to grade three.



Chapter 2: Literature Review

2.1. Theoretical Framework of This Study

The framework of this study is the Componential Model of Reading (CMR) (Aaron,
Joshi, Gooden, & Bentum, 2008). This is a comprehensive theory that includes factors
from the cognitive, psychological, and ecological domains (i.e., components).
Specifically, the cognitive component was based on the Simple View of Reading
(SVR; Gough & Tunmer, 1986), thus word recognition and comprehension were
included. For the psychological component, factors such as reading motivation,
reading interest, learned helplessness, and learning style were proposed. For the
ecological component, factors such as home environment, culture, parental
involvement, classroom environment, and dialect were proposed (Aaron et al., 2008).
The validity of CMR has been verified in children who are learning to read different
languages, including Chinese children (e.g., Chiu et al., 2012; Hgien-Tengesdal &
Hgaien, 2012; Joshi et al., 2012; Li et al., 2020).

It should be noted that the CMR was broadly conceptualized, which means that the
factors in each component are susceptible to change depending on the focus and scope
of the study. For example, while some studies with the CMR framework have chosen
word reading and comprehension as the cognitive factors (e.g., Aaron et al., 2008;
Joshi et al., 2012), others have introduced more linguistic skills such as phonological
and morpho-syntactic skills as the cognitive factors (Ortiz et al., 2012). This is also
true for the psychological and ecological components, with different studies focusing

on different factors. For example, home language (whether the children speak a



minority language) and socioeconomic contexts were included as the ecological
factors in the study by Kieffer and Vukovic (2012), where they investigated the
sources of reading difficulties in a group of children from urban schools in the United
States. In contrast, Chiu et al. (2012) included countries’ gross domestic products per
capita as one of the ecological factors (along with other ecological factors at the
family and school levels) because their study examined the sources of reading
difficulties in children across different countries. In the next several sections, the
components of each domain and their relationships with reading will be discussed,

followed by a discussion of the relationships of components across different domains.

2.2. Cognitive Component and Word Reading

In accordance with the Simple View of Reading (SVR) (Gough & Tunmer, 1986),
CMR includes word recognition and comprehension as the two factors in the
cognitive component (Aaron et al., 2008). These two factors contribute to reading
comprehension, which is the reading outcome in both SVR and CMR. However,
when the model is applied to younger children, the reading outcome may need to be
changed based on their literacy development. This in turn calls for the replacement of
the cognitive factors. For example, Ortiz et al. (2012) used a mix of word-study skills
(e.g., phonetic analysis), word reading, and reading comprehension as the reading
outcome when applying the CMR to a group of kindergarten children from the United
States. Accordingly, a set of emergent literacy skills was included as the cognitive

factor, including vocabulary, letter knowledge, and phonological awareness. In other



words, the choice of reading outcome and the cognitive component should consider
the children’s abilities and development. Because this study aimed to investigate the
reading development of lower grade students from China, word reading was selected
to be the reading outcome. Thus, the cognitive factors that are the most relevant to
word reading will be reviewed in this section.

These factors are categorized as domain-specific metalinguistic awareness and
domain-general cognitive abilities. This dichotomy conforms to the theoretical
perspective that divides the abilities into two categories; the domain-general abilities
(e.g., working memory) contribute to children’s achievement across academic
subjects, and the domain-specific abilities contribute to their achievement in specific
academic subjects. This perspective has been utilized in numerous studies, and both
domain-general and domain-specific abilities were found to be associated with
reading ability (e.g., Bull, Espy, & Wiebe, 2008; Chu, VanMarle, & Geary, 2016;

Geary, 1993; Kim, 2017).

2.2.1. Domain-specific metalinguistic awareness

Learning to read is a specialized skill that involves processes such as identifying the
written form of the word and retrieving its meaning and sound. These processes are
unique to literacy learning and thus domain-specific skills need to be built upon them.
Due to the differences in the characteristics of languages and their corresponding
writing systems (e.g., morphology, orthography), the importance and the constructs of

the specific subskills are different across literacy learning in different languages (e.g.,



Kuo & Anderson, 2006; McBride-Chang et al., 2005). In this section, the domain-
specific metalinguistic awareness that is important in learning to read Chinese will be
discussed.

Morphological awareness Morphological awareness (MA) is the “knowledge about
pairing sound and meaning in a language and the word-formation rules that guide the
possible combination of morphemes” (Kuo & Anderson, 2006). MA has been found
consistently to predict word reading in both alphabetic languages (e.g., Carlisle, 2000;
Deacon et al., 2018; Levesque et al., 2017) and Chinese (e.g., Chen et al., 2009; Dulay
et al., 2021; McBride-Chang et al., 2003; Tong et al., 2009; Yeung et al., 2013).

MA is considered to be especially important in learning to read Chinese due to the
characteristics of this language (e.g., McBride, 2016a; Wu et al., 2009). Specifically,
morpheme, syllable, and character are almost in one-to-one-to-one correspondence in
Chinese, which elevates the importance of morpheme (and syllable) in this language.
In addition, there are numerous homophones and homographs in Chinese (average
over five homophones for every syllable) (McBride-Chang et al., 2003), so children
are more likely to resort to the meaning unit of the language (e.g., morpheme) in
learning to read, as it is difficult to discern words through sound (e.g., Liu &
McBride-Chang, 2010).

Moreover, the morphology of Chinese is transparent in form and meaning.
Specifically, in almost all cases the forms of the constitute morphemes stay the same
irrespective of the words they resided (i.e., few transformations in pronunciation and

orthography) (Kuo & Anderson, 2006). The compounding words in Chinese (in which
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compounding morphology is the most prevalent morphology) are mostly
understandable through analysis of the morphemes (e.g., Chen et al., 2009; McBride-
Chang et al., 2003). For example, mask in Chinese is 15 (/kou3 zhao4/, mouth-
cover); the meaning of this is easily deducible from the constitute morphemes and
word structure (subordinate structure in this example). The transparency of the
morphology further increases the importance of MA in learning to read Chinese.

In accordance with the characteristics of Chinese, MA is divided into two major
dimensions, namely, lexical compounding awareness and homophone/homograph
awareness (Liu & McBride-Chang, 2010). Lexical compounding awareness refers to
the knowledge of the rules that combine morphemes into words in Chinese. This is
related to the fact that more than 75% of the words in Chinese are composed by
combining two or more morphemes, so this dimension of MA is important for
Chinese children to understand words (Chen et al., 2009). Homophone/homograph
awareness is the ability to differentiate morphemes with the same sound, which is
related to the fact that Chinese has a lot of homophones. Research has shown that both
dimensions of MA are related to word reading in Chinese children (e.g., Cheng,
Zhang, Wu, Liu, & Li, 2016; Liu & McBride-Chang, 2010; Liu, McBride-Chang,
Wong, Shu, & Wong, 2013; Zhao et al., 2019).

Lexical compounding awareness was found to predict word reading in previous
studies (e.g., Dulay et al., 2021; Liu et al., 2013). Some researchers have suggested
that it can improve word reading in three ways. First, the structure knowledge

provides extra cues for remembering the words. Second, it helps children to
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understand and differentiate the meanings of the words. Third, it helps them to guess
the approximate meaning of the new words (Liu et al., 2013).
Homophone/homograph awareness has also been found to be important in word
reading. Given the prevalence of homophones and homographs in Chinese, the ability
to discern the meanings of homophones and homographs is crucial for the mapping
between sound and meaning, which in turn may improve the mapping of meaning
onto the orthographic form (Yeung et al., 2013). In addition, homophone/homograph
awareness helps children to evade (or at least be aware of) the potential distractions
among morphemes with the same pronunciation, which could improve their
vocabulary development and in turn contribute to their word reading (Liu et al.,
2013).

Phonological awareness Phonological awareness (PA) is the ability to operate
phonological parts of spoken words (Oakhill & Kyle, 2000). PA has been found to
contribute to reading in Chinese children, especially in young children (e.g., Pan et
al., 2016; Ruan, Georgiou, Song, Li, & Shu, 2018; Shu, Peng, & McBride-Chang,
2008). There are three levels of PA in Chinese, that is, syllable awareness, onset/rime
awareness, tone awareness. Each of these represents the ability to manipulate the
corresponding phonological unit. Of these three levels, syllable awareness and tone
awareness seem to have larger contributions to reading in Chinese children. For
example, Shu, Peng, and McBride-Chang (2008) found that syllable and tone
awareness (but not rime awareness) explained character recognition in Chinese

preschool children after controlling vocabulary and rapid naming. Similarly,
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McBride-Chang et al. (2008) found that syllable awareness and tone awareness were
related to Chinese word reading in Chinese early readers, whereas onset awareness
was only related to English reading for the same group of children. The prominent
roles of syllable awareness and tone awareness are related to the characteristics of
Chinese.

Because syllable, morpheme, and character have an almost one-to-one-to-one
correspondence in Chinese, the ability to segment and manipulate syllables in words
(i.e., syllable awareness) helps children to recognize morphemes in spoken language,
which in turn facilitates the mapping of morphemes into characters (Pan et al., 2016).
On the other hand, tone is an essential feature of the Chinese language; it
differentiates morphemes with the same phonological structure (McBride-Chang et
al., 2008). For example, the four tones of the syllable /pin/ each represent different
morphemes (characters), that is, /pinl/ $f (spell), / pin2/ 7% (poor), / pin3/ /i
(taste), / pin4/ H% (employ). Thus, tone awareness also facilitates the recognition of
morpheme and contributes to reading development.

In contrast, onset/rime awareness has relatively less impact on reading development in
Chinese children, as shown in the studies by Shu et al. (2008) and McBride-Chang et
al. (2008). The reason may be that Chinese is not divisible at the onset/rime level and
does not require phoneme awareness to read (Shu et al., 2008). Nevertheless,
onset/rime awareness may help Chinese children learning the language in two aspects.
First, children in mainland China and Taiwan use phonetic alphabet (i.e., Pinyin and

Zhuyin Fuhao respectively) to code the pronunciation of character. Both phonetic
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alphabets break down the pronunciation of character into smaller phonetic units and
emphasize the distinction between onset and rime. Therefore, the phoneme awareness
may support learning of a phonetic alphabet, which then improves word reading for
children from these two regions (e.g., Lin et al., 2010). Second, many Chinese
characters have phonetic radicals which indicate their pronunciation. Shu et al. (2003)
found that 26% of these characters share the same onsets or rimes with their phonetic
radicals. Thus, onset/rime awareness may help children to read these semi-regular
characters through the phonetic radicals. Because both phonetic alphabets are
introduced when children enter the primary school, and semi-regular characters (most
of them are low frequency characters) with informed phonetic radicals are introduced
gradually to primary school children (Shu et al., 2003), the influence of onset/rime
awareness on character reading may take some time to take effect. In other words,
only when children have acquired enough print experience and knowledge of the
phonetic alphabet can they benefit from onset/rime awareness. In supporting this
view, Li et al. (2012) discovered that rime awareness was not associated with
character reading in kindergarten children but was related uniquely to character
recognition in primary school children in their sample.

Vocabulary knowledge Vocabulary knowledge is an important component that
contributes to reading development. (e.g., Muter, Hulme, Snowling, & Stevenson,
2004; Quellette, 2006; Tong, Tong, & McBride, 2017; Yeung, Ho, Chan, & Chung,
2016). Because vocabulary knowledge represents the semantic understanding of

words, it may contribute to reading by facilitating the connections between
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phonology, orthography, and semantic representations (Li & Kirby, 2015; Ouellette &
Beers, 2010). Moreover, because MA provides a way to learn new words (i.e.,
learning them through the awareness of morphemes and morphology), MA and
vocabulary are closely related (e.g., Liu et al., 2013; Spencer et al., 2015; Spencer,
Quinn, & Wagner, 2017; Tong et al., 2017). Both levels of MA in Chinese, that is,
lexical compounding awareness and homophone awareness, were found to be
correlated with vocabulary, with homophone awareness more closely related to
vocabulary since it taps existing morpheme knowledge (Liu et al., 2013).

There are two facets of vocabulary knowledge, that is, vocabulary depth and breath.
The depth refers to the degree of understanding of acquired words and the breath
refers to the number of acquired words (Spencer et al., 2017). In measuring
vocabulary depth, researchers often ask children to define words presented aurally by
the experimenter (e.g., Cain & Oakhill, 2014; Ouellette & Beers, 2010), whereas the
measure of vocabulary breath often requires children to select the picture from the
alternatives that corresponds to a word presented aurally by the experimenter ,or to
name pictured nouns and verbs (e.g., Ouellette, 2006; Ouellette & Beers, 2010;
Proctor, Silverman, Harring, & Montecillo, 2012). It should be noted that the
measurement of vocabulary depth also taps into the breath of vocabulary and vice
versa (Ouellette, 2006). In the study by Ouellette (2006), both the depth and the
breath of vocabulary were found to predict irregular word reading in grade four

students from Canada who predominately spoke English.
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Because the written Chinese is extremely opaque in that the pronunciations of the
characters and the words are rarely deducible from the orthography alone (McBride,
2016a), more semantic knowledge is needed about learning to read Chinese compared
to learning to read alphabetic languages (Zhou et al., 2015). Therefore, the depth of
vocabulary may be more relevant in the reading development of Chinese children.
Previous studies that examined this mainly used the vocabulary depth to account for
the vocabulary variables (e.g., Kim et al., 2020; McBride-Chang et al., 2005; Tong et
al., 2017).

Orthographic knowledge Orthographic knowledge refers to the understanding of the
orthographic regularities in a language (Castles & Nation, 2006). Previous studies
have examined orthographic knowledge in Chinese at two levels. The first level is the
knowledge about the positional regularities of radicals (for radicals have regular
positions in characters) and the configuration of character (Tong et al., 2009). For
example, the radical 1 is always located on the left side of the character, whereas the
radical A always appears on the right. This knowledge about the internal structures
and the positions of radicals is important for character recognition (Shu et al., 2003)
and was found to correlate with reading ability in young Chinese children (K3 to
grade one students) (e.g., Ho, Chan, Chung, Lee, & Tsang, 2007; Tong et al., 2009).
Typically, in the test on this level of the orthographic awareness, experimenter
presented visual symbols to the children. Some of these symbols conform to the
character structural rules while others do not. Children are asked to judge whether

they are real characters (e.g., McBride-Chang & Ho, 2005; Tong et al., 2009).
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The second level is the knowledge about the function of phonetic and semantic
radicals. For example, the semantic radical in the left part (i.e., 7 ) of the character
7] (/he2/, river) means water, which indicates the meaning of the whole character
(river). The orthographic knowledge of semantic radicals can support the meaning
deduction for unfamiliar characters. Similarly, the knowledge of phonetic radicals is
conducive to reading new characters. For example, the right side of the character 1%
(/mal/, mother) is the phonetic radical 5 (/ma3/, horse), which shares the same
syllable with the character. Although the utility of the phonetic radicals may be
reduced by the irregularity of phonetic radicals, as the majority of characters (about
60%) that contain the phonetic radicals do not share the pronunciations with the
radicals (Shu et al., 2003).

Nevertheless, this level of orthographic knowledge is related to reading ability in
Chinese primary school children. For example, Ho et al. (2003) found that knowledge
about the function and sound of phonetic radicals was significantly correlated with
word reading in Chinese primary school students. To test this orthographic
knowledge, the authors required the children to choose the pictures that depicted the
meaning of the semantic radicals from the alternatives (i.e., semantic radical
knowledge), or select the characters that may have the same pronunciation as the
phonetic radicals (i.e., phonetic radical knowledge) (Ho, Ng, & Ng, 2003; Yeung et
al., 2013). It was suggested that the orthographic knowledge in Chinese children
progresses from the first level to the second level developmentally (Ho et al., 2003),

and it may have an bidirectional relation with reading experience (McBride, 2016b).
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Rapid naming Rapid naming (RAN) is the ability to pronounce a serial of basic and
familiar visual symbols (e.g., digits, letters, simple characters) as quickly as possible
(Georgiou, Parrila, Cui, & Papadopoulos, 2013). In the RAN test used in their study,
the children were required to name a list of familiar visual stimuli (e.g., digits, simple
characters, and colors) as quickly as possible. RAN has been found to be associated
with reading across languages (e.g., Georgiou, Parrila, & Liao, 2008; Manis,
Seidenberg, & Doi, 1999; Norton & Wolf, 2012 for a review; Pan et al., 2011). In
Chinese, RAN has been found to predict word reading in primary school children
(e.g., Georgiou et al., 2008; Pan et al., 2011; Wei, Georgiou, & Deng, 2015). In
explaining the relationship between RAN and reading fluency, some researchers have
suggested that it is because both tasks require serial processing and pronunciation of
specific names (Georgiou et al., 2013). With regard to the association between RAN
and reading accuracy, some researchers have suggested that this is due to the “nature
of arbitrary mapping of higher level of orthography and phonology” common to both
tasks (Pan et al., 2011, p. 904).

One meta-analysis study investigated the moderators of the relationship between RAN
and word reading in Chinese children (Song, Georgiou, Su, & Shu, 2016). The study
found that RAN was significantly more associated with word reading fluency than
word-reading accuracy. The researchers provided three possible reasons for this
result. First, both RAN and fluency test demand fast replies, and this speed
component contributes to the elevated correlation between the two tests. Second,

word-reading fluency tests usually use high-frequency words as stimuli, and this
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retrieval process of these familiar words from long term memory is like the retrieval
process of familiar stimuli (e.g., digits, colors) in the RAN test. Third, both word
reading fluency test and the RAN test involve the processing of parafoveal
information when naming the stimulus. Moreover, the study found that age did not

moderate the relationship between RAN and reading in Chinese children.

2.2.2. Domain-general cognitive abilities

As a learned skill, reading also requires domain-general abilities. These abilities are
important not only in reading development, but also in the development of other skills
(e.g., mathematics). In this section, two of the most relevant domain-general cognitive
abilities (i.e., executive function and visual spatial attention) for Chinese children’s
reading development will be discussed.

Executive function Executive function (EF) refers to a series of mental processes such
as anticipation, goal selection, planning, initiation of activity, self-regulation, mental
flexibility, deployment of attention, and utilization of feedback that account for the
goal-oriented behavior (Anderson, 2002). EF is commonly divided into four
components: working memory, inhibition, updating, and shifting (Baddeley, 2003;
Miyake et al., 2000). Working memory is the ability to hold and manipulate
information simultaneously in mental tasks; inhibition is the ability to suppress one’s
typical or habitual responses; updating is the ability to modify currently stored content
for the reception of new information; and shifting is the ability to shift attention,

strategies or responses (Cartwright, 2012; Peng et al., 2013).
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Of these four components, working memory and inhibition are the most relevant to
word reading in Chinese children. When reading a word, working memory is needed
for the child to connect the orthographic representation with the linguistic information
in the long-term memory. In this process, a child also needs the inhibition ability to
suppress interfering information (e.g., homophones) (Chung & McBride-Chang,
2011). As a result, Chung and McBride-Chang (2011) found that working memory
and inhibition longitudinally predicted word reading in kindergarten children in Hong
Kong. The association of working memory and reading outcomes was also found in
Chinese primary school children (e.g., Leong, Tse, Loh, & Hau, 2008; Yeung et al.,
2013). Moreover, children with reading difficulties were found to perform below par
in working memory tasks (Peng et al., 2013). Similar results were found in children
speaking alphabetic languages (e.g., Sesma, Mahone, Levine, Eason, & Cutting, 2009;
Welsh, Nix, Blair, Bierman, & Nelson, 2010). As for the updating and shifting, the
former is related to reading comprehension, since this requires readers to constantly
update the situation model and remove the irrelevant information (Carretti, Cornoldi,
DeBeni, & Romano, 2005), while the latter may tap into the general cognitive ability
needed for the overall learning process, which may be the reason for the association
between shifting and reading (Yeniad, Malda, Mesman, Vanljzendoorn, & Pieper,
2013).

Measurements have been developed to test the four components of EF. For working
memory, the backward digit span test is commonly used. This asks children to recite

backwards the number strings that are presented aurally by the experimenter (e.g.,
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Chung & McBride-Chang, 2011; Xue et al., 2013). For the inhibition task, they are
asked to respond while inhibiting the prepotent responses (e.g., Stroop color-naming
task) (e.g., Cartwright, 2012; Chung & McBride-Chang, 2011; Yang et al., 2019). For
the measurement of updating ability, researchers often use the n-back task (e.g., Im-
Bolter et al., 2006; Peng et al., 2013). In this task, children are asked to listen to or
watch a string of digits or words, with each stimulus presented for a short time before
the next one. They are then asked to respond whether the current stimulus matches the
stimulus presented several trials before (e.g., whether the current digit is the same as
the digit presented in the second to last trial). Finally, shifting ability is commonly
measured through the Dimensional Change Card Sort (DCCS) task, in which children
are asked to categorize a set of cards according to different dimensions and rules (e.g.,
McKinnon & Blair, 2019; Welsh et al., 2010).

Visual spatial attention Visual spatial attention refers to the attentional processes that
lead to choosing visual stimuli within a spatial location (Vecera & Rizzo, 2003). For
children who are learning alphabetic languages, visual spatial attention can help them
to segment words into component graphemes, which improves the quality of
orthographic representation. In addition, the effectiveness in processing a series of
letters facilitates the mapping from orthography to phonology, which is beneficiary in
developing phonemic awareness (Gori & Facoetti, 2015). Visual spatial attention is
also important for children who are learning to read Chinese for two reasons. First,
Chinese characters are intricate as visual stimuli, which necessitates children having

high levels of visual processing ability to discern the correct character from similar-
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looking ones (e.g., 3%, ¥k, #&, #&, #X). Moreover, since Chinese characters contain
little information to guide pronunciation, children must be familiar with the visual
form of the character when acquiring it, for they cannot spell the character out
according to its pronunciation (Liu & Liu, 2020). Second, when writing in text,
Chinese is closely organized with no visual boundaries between words. Thus, visual
spatial attention is required to segment and recognize the words (Liu et al., 2016).

As a result, visual spatial attention has been found to predict word reading in Chinese
primary school children (e.g., Liu et al., 2016; Liu & Liu, 2020). Similar results have
also been found in children who are learning alphabetic languages (e.g., Franceschini,
Gori, Ruffino, Pedrolli, & Facoetti, 2012; Gori & Facoetti, 2015). Visual spatial
attention is usually measured through the visual search task (e.g., Liu & Liu, 2020;
Plaza & Cohen, 2007). In this task, children circle the target visual stimuli identified
from the distractors.

To summarize, the above review of the cognitive factors has included MA, PA,
vocabulary, orthographic knowledge, rapid naming, executive function, and visual
spatial attention, all of which have been found to contribute to Chinese children’s
reading development. Although it would be ideal to incorporate all the factors into
this study, the inclusion of numerous variables (there are also factors from the
ecological and psychological domains) would have complicated the model, making it
difficult to converge these three groups of factors. Therefore, four cognitive factors,
that is, MA, PA, vocabulary, and working memory, were selected to represent the

cognitive component based on their importance, inclusiveness, and interpretability.



22

Specifically, because this study aimed to examine the early literacy development of
Chinese children, three early emerging oral language-related skills (MA, PA,
vocabulary) that are the most relevant for Chinese early readers were included (e.g.,
Lei et al., 2011; McBride-Chang et al., 2005; Pan et al., 2016).

Orthographic knowledge and visual spatial attention were excluded because both
skills are related to visual ability, hence they may not converge well with the
language-related skills (i.e., PA, MA, vocabulary). In addition, a recent study (Liu &
Chung, 2021) did not find the prediction of orthographic knowledge on character
reading in Chinese early readers, which support the view that orthographic knowledge
does not provide stable prediction to literacy development in early childhood.

Rapid naming was excluded because the task involves multiple cognitive components,
such as phonological processes and working memory, which were already included as
the other cognitive factors in this study. This complex nature of the task also makes its
relationship with reading difficult to discern (Norton & Wolf, 2012). As for the
executive function, only working memory was included in this study because shift
and updating are not related closely to word reading (but are important in reading
comprehension) (Carretti et al., 2005; Yeniad et al., 2013), and inhibition was tapped
in the task of homophone awareness, in which the children were required to inhibit

the semantic activation of the alternative morpheme with the same sound.
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2.3. Ecological Component and Word Reading

Aside from the cognitive component, CMR includes factors from the ecological
domain (Aaron et al., 2008). As mentioned above, because the ecological domain (as
well as the psychological domain) in CMR is conceptualized broadly, studies
adopting it have chosen different ecological factors, depending on the scope of the
study. In general, the ecological component can be categorized into three levels:
family, school, and neighborhood. This is in accordance with the Ecological Systems
Theory by Bronfenbrenner (1986), in which he theorized that children’s development
is not only affected by the family environment, but also the systems beyond the
family such as school, social networks, and neighborhoods and communities, as well
as the interactions between different systems.

Although the study by Chiu et al. (2012) included a variable at the country level
(gross domestic product per capita) as one of the ecological factors, the scope of the
previous studies has rarely gone beyond the levels of family, school, and
neighborhood, with most focusing on the family level (Aikens & Barbarin, 2008).
Therefore, the review below focused on these three major levels of ecological factors,

with an emphasis on the ecological factors at the family level.

2.3.1. Ecological factors at the family level

The two important ecological factors at the family level have been identified as family
socioeconomic status (SES) and home literacy environment (HLE). These two

ecological components have been shown to influence children’s reading development
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across languages and societies (e.g., Cheng & Wu, 2017; Hood et al., 2008; Liu et al.,
2018; Senechal & LeFerve, 2002; Zhang et al., 2019).

Socioeconomic status (SES) SES is a broad concept that consists of family income,
and parental occupation and education level. It exerts a wide influence on children’s
lives, such as their health, cognition, and emotions (Bradley & Corwyn, 2002),
including their reading ability (e.g., Cheng & Wu, 2017; Chiu et al., 2012; Hart et al.,
2013; Liu et al., 2020; Vasilyeva et al., 2018). High SES is believed to be associated
with better amenities, goods, social connection, and parenting styles, which benefit
children’s development (Bradley & Corwyn, 2002), whereas the opposite is true for
children from low SES families. For example, Bradley et al. (2001) discovered that
children in the low SES families they studied were less likely to receive learning
stimulation (e.g., parents were less likely to purchase books for them or take them to
cultural and educational events), which was related to a lower development of their
motor, social and language abilities.

The mechanism of the relation between SES and children’s reading ability has been
examined in previous studies. Using a large sample (over 10,000 participants) study to
investigate the relationship between SES and reading development in American
children, Aikens and Barbarin (2008) found that this relationship in young children
was mediated by the home literacy environment (e.g., number of children’s books at
home), parenting style and parental participation in school activities. This agreed with
the results reported by Bradley et al. (2001). Moreover, the study found that as

children entered primary school, the effect of SES on their reading competence
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decreased, while the school environment started to exert a larger influence on reading
scores (Aikens & Barbarin, 2008). However, this decreased effect of SES when
children entered the school has not been found in the Chinese context. A meta-
analysis done by Liu et al. (2020) (drawing data from 78 samples, over 210 thousand
participants) found that school grade did not moderate the effect of SES on academic
achievement in children from mainland China.

Nevertheless, as in the western studies, SES has been found to predict literacy
resources at home in young Chinese children (third-year in kindergarten), and the
literacy resources subsequently predicted their vocabulary (Liu et al., 2018; Zhang et
al., 2019). Cheng and Wu (2017) found that SES contributed to reading
comprehension via the simple mediation of MA and the three-path mediation of
vocabulary and MA in Chinese grade one students. Considering that vocabulary may
be a prerequisite for MA to support reading (McBride, 2016a), as well as the pathway
from SES to home literacy resources to vocabulary found by Liu et al. (2018), the
mediation results reported by Cheng and Wu (2017) were in line with the result that
SES facilitates home literacy environment.

Home literacy environment (HLE) By considering the conceptualization of previous
studies of HLE, Phillips and Lonigan (2009, p. 147) defined it as variables associated
with “literacy artifacts, functional uses of literacy, verbal references to literacy, library
use, parental encouragement and value of reading, parental teaching of skills, child
interest, parental modeling of literacy behaviors, parental education, and parental

attitudes toward education”. The Home Literacy Model has divided home-literacy
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activities into two categories, that is, formal and informal (Sénéchal & LeFevre,
2002). Formal literacy activities are those related directly to the written language,
such as parents teaching a child how to read and write a character, while informal
literacy activities are those in which children are exposed incidentally to the written
language, such as parents reading a storybook with the child (Senechal, 2006). Some
studies of children learning to read alphabetic languages have found that formal
literacy activities predicted children’s literacy knowledge (e.g., alphabet knowledge)
and reading ability whereas the informal literacy activities predicted vocabulary and
reading interest (e.g., Senechal, 2006; Skwarchuk et al., 2014). Moreover, the effect
of the informal literacy activities on children’s reading development was found to be
highly contingent on parents’ language skills, whereas the effect of formal literacy
activities was less influenced by parents’ skills (Puglisi et al., 2017).

There is a relative scarcity of studies examining the relationship between HLE and
reading abilities in Chinese primary school children, although some of the early
studies found that HLE predicted Chinese primary school children’s reading abilities
(e.g., Shu, Li, Anderson, Ku, & Yue, 2002; Lau & McBride-Chang, 2005). For the
transitional period from kindergarten to primary school in Chinese children, Zhang et
al. (2019) found that formal literacy activities (e.g., teaching children to read
characters) and literacy resources (e.g., the number of books for children) at home
during the kindergarten years contributed indirectly to word reading in grade one via
cognitive skills and emergent literacy ability (e.g., vocabulary, Pinyin knowledge).

For the lower grade period in primary school, Deng et al. (2015) found that children’s
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word-reading ability in grade one negatively predicted the frequency of informal
literacy activities in grade two. These researchers suggested that Chinese parents
responded to their children’s less satisfactory reading achievement at school by
conducting more shared reading at home (Deng et al., 2015). To summarize, HLE is
an important ecological factor for the reading development of lower grade students in
China. Multiple relationships could emerge between HLE and reading ability (e.g.,
facilitative, compensatory) in Chinese children, which warrants a detailed

gxamination.

2.3.2. Ecological factors at the school level

In the original CMR model, two factors school-level factors were proposed as the
ecological factors, that is, classroom environment and peer influence (Aaron et al.,
2012). Peer achievement, school resources (e.g., learning specialist, school
satisfaction), and teacher qualifications were included as the ecological factors by
Chiu et al. (2012), when they applied the CMR to primary school children from 38
countries. In this section, the broad construct of the classroom reading environment
and its relationship with children’s reading outcomes will be reviewed.

Classroom reading environment Like the home literacy environment, the classroom
reading environment is an important ecological factor for reading development when
children began formal schooling (Snowling & Hulme, 2020). The classroom
environment includes factors from the method of teaching (e.g., instructional time on

reading), teacher’s skills and attitudes toward reading instruction, quality of textbooks
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and supplemental reading materials, and the composition of the classmates (Taylor et
al., 2020). Tracking a group of children from the United States, by operationalizing
the early classroom reading environment as the growth of the classmates’ reading
scores from grade one to grade two (excluding the participants’ own scores), Taylor et
al. (2020) found that poor early classroom reading environments led to higher
variability in reading comprehension when the children reached adolescence (7" to
10" grade), while good early classroom reading environments led to lower variability
in reading comprehension so that the large variance of reading was accounted for by
individual’s genetic dispositions.

In addition to viewing the classroom reading environment as a whole, some
researchers have also investigated the constituent factors and their relationships with
children’s reading ability. For example, Law (2013) found that parents’ and children’s
perspectives of teachers’ instructional practices (e.g., whether teachers’ instructions
could facilitate students’ reading motivation) predicted reading proficiency in lower
grade primary school Hong Kong students. More broadly, Chiu et al. (2012) found, in
a cross-country study, that schoolmates’ early literacy abilities, school resources (e.g.,
whether the school had learning specialists), school climate (e.g., teachers’ job
satisfaction), and school-home connections were correlated with primary school
students’ reading difficulties. In sum, as a learned skill, children’s reading ability is
influenced by the environmental variables at the school level as they begin formal

schooling (Snowling & Hulme, 2020).
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2.3.3. Ecological factors at the neighborhood level

Compared to the factors at the family and school levels, investigations of the effect of
the ecological factors at the neighborhood level on young children’s reading
development have been relatively scarce. One of the initial examinations of
neighborhood ecological factors was the study by Aikens and Barbarin (2008) in the
United States. These researchers asked parents, school administrators, and field staff
to appraise various aspects of the neighborhood conditions, such as the litter and
garbage in the street, drug problems, safety issues, and the community’s support for
the school (Aikens & Barbarin, 2008). Their results showed that, after controlling the
effects of the school and family variables, the community’s support for the school and
the poor physical surroundings of the school were related to the growth rate of the
lower grade students’ reading abilities (Aikens & Barbarin, 2008).

Recently, Little et al. (2019) found a negative effect of neighborhood variables on
children’s reading comprehension in grade school student from the United States.
Specifically, the shelters (e.g., homeless shelter, drug rehabilitation center) in the
school neighborhood exerted negative effects on the school children (e.g., anxiety for
the occurrence of the violent incidents on the way to the school), so that the distance
from the shelter to the school was negatively associated with children’s reading
abilities from third grade to tenth grade. The researchers suggested that the proximity
to the shelter induced both indirect effects (e.g., increased stress) and direct effects
(e.g., not attending the school for fear of violence) on the children’s reading

development, thus lowering their reading ability (Little et al., 2019).
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In this study, only the ecological factors at the family level were included. Since this
study only recruited children from one primary school, | was not able to investigate
the effects of the factors at the school and the neighborhood levels. Moreover,
neighborhoods in China are generally perceived as secure (Hill et al., 2016), therefore,
the negative effects of debilitating neighborhood variables (e.g., distance to drug
rehabilitation center) on children’s reading development may be less relevant.

Two questionnaire were used at the two time points because the context of the
environment were changed. Specifically, at Time 1, the children were at the beginning
of formal education and literacy learning, literacy activities (e.g., shared reading) that
focused on simple literacy-related interactions may be the principal component of
literacy environment at home. Similar measurement was used in previous studies on
grade one students from China (e.g., Zhang et al., 2019). At Time 2, the children have
moved further into the formal education (in grade three), thus, more in depth literacy
activities that support formal learning at school (e.g., aiding homework, listen to the
children to read the text) may be essential to the children’s reading development. To
support this view, a recent three-year longitudinal study found that shared reading was
not predictive of the children’s reading ability from grade one onwards. Instead, a
more literacy-focused reading comprehension activities (e.g., parents ask children to
recall information from the text) was predictive of the lower graders in Canada

(Georgiou et al., 2021).
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2.4. Psychological Components and Word Reading

In addition to the cognitive and the ecological components, CMR also includes the
psychological domain (Aaron et al., 2008). Like the ecological domain, the
psychological factors selected in previous studies were related to the focus of the
particular study. For instance, Li et al. (2020) adopted CMR to examine reading
ability in a group of immigrant children who were learning to read English in Canada.
Because the participants came from immigrant backgrounds, acculturation (i.e.,
adaption of the main culture and retention of one’s own culture) was included as the
psychological component in the study (Li et al., 2020). Ortiz et al. (2012), however,
selected children’s academic competence, social skills, and problem behaviors as the
psychological factors to predict the reading performance of grade one primary school
students in the United States.

Similar to the factors in the cognitive domain, the psychological factors can also be
categorized into domain-general and the reading-specific variables. While the
domain-general factors include children’s overall psychological attributes, such as
emotional competence, self-regulation, and attentional attributes, the reading-specific
factors include attitudes, efficacy, and interest in reading. Both the general
psychological attributes and the reading-specific psychological factors have been
associated with reading ability in previous studies (e.g., Chapman & Tunmer, 1995;
Kwok et al., 2007; Newman et al., 1998; Schiefele et al., 2012; Zhang et al., 2018). In

the following section, the importance of domain-general psychological factors on
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reading development in lower grade students will be discussed, followed by the

introduction of the reading-specific factors.

2.4.1. Domain-general psychological factors

General psychological attributes. As mentioned above, general psychological
attributes have an influence on children’s reading abilities. This is particularly true for
first graders who are adapting to the school environment (e.g., learning to follow
classroom rules, doing homework, and meeting new friends). Some studies have
shown general behavioral attributes such as self-control, emotional competence, and
prosocial behaviors all to be related to academic performance in early graders (e.g.,
Kwok et al., 2007; Spira et al., 2005; Zhang et al., 2018). Since learning to read (and
other knowledge) requires children to interact with classmates, parents, and teachers,
having less social skills or/and emotional regulation abilities may lead to decreased
learning-related interactions, which in turn can lead to decreased learning
opportunities (e.g., Zhang & Sun, 2011).

Moreover, early graders are only at the beginning of formal literacy education, so
their reading-specific psychological factors (e.g., reading interest, reading self-
efficacy) may not be fully mature, for the development of these specific psychological
factors needs the accumulation of teachers’ feedback and their own reading
experiences (Schiefele et al., 2012). In addition, at the start of literacy development,
the reading-specific psychological factors may not be fully transferable to reading

development. For example, even if children are highly interested in reading, their low
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reading abilities can limit the propensity to read more books. However, recent studies
have found that young children’s interest in reading could prompt parents to conduct
more literacy activities, which in turn may facilitate the children’s reading growth
(e.g., Pezoa et al., 2019). Therefore, the reading-specific psychological factors are
also potentially important to children’s reading development. The three most relevant

factors are reviewed below.

2.4.2. Domain-specific psychological factors

Children’s interest in reading Children’s interest in reading has been related to the
construct of intrinsic motivation, which propels children to read for its own sake
rather than for external reasons (e.g., receiving higher grades) (Wigfield & Guthrie,
1997). Previous studies have associated reading interest with reading ability in
children (e.g., Baker & Wigfield, 1999; McKenna et al., 1995). However, the
association was often found to be weak (e.g., Kirby et al., 2011; Yeo et al., 2014). For
example, children’s reading interest predicted reading ability in lower grade primary
school students from Canada, although the accounted variance was 4% at most (Kirby
etal., 2011). Thus, it seems that interest in reading contributes to reading ability (e.g.,
through more engagement with reading activities), however, the contribution was
found to be smaller than that of other factors such as phonological awareness, naming
speed, and SES (Kirby et al., 2011).

In addition, interest in reading was found to be associated with HLE. For example,

Yeo et al. (2014) found a strong association between these in Singapore preschool
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children. Similar results were found in children who spoke French (Sénéchal, 2006)
and English (Weigel et al., 2006). Although early studies (e.g., Weigel et al., 2006)
hypothesized the direction of the relationship was from HLE to reading interest (e.g.,
more shared reading by parents brings more interest in reading in children), recent
studies have shown that it may be a bidirectional relationship. For example, Boerma
et al. (2018) found that parents from the Netherlands conducted more literacy
activities at home when they perceived their primary school children (grade 3 to 6) to
be more interested in reading. Similarly, a longitudinal study (tracked from
prekindergarten to the end of kindergarten) found that children’s reading interest
predicted HLE in low-SES families from Chile (Pezoa et al., 2019). These results
suggested that interest in reading could shape the environment to become more
conducive to children’s reading development.

Reading attitude Reading attitude is a system of feelings associated with reading that
impels learners to approach or avoid reading activities (Alexander & Filler, 1976). It
can be divided into two parts: attitudes towards leisure reading and to academic
reading. The relationship between reading attitude and reading performance has been
identified in previous studies. For example, the meta-analysis by Petscher (2010)
found a strong correlation between the attitude and the achievement in reading in
primary school children (Z, = .44). Some researchers have suggested that children
with more positive reading attitudes tend to have more successful and frequent
reading experiences, which lead to higher reading achievement (Thames & Reeves,

1994). For the two kinds of reading attitude, scores on the recreational reading
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attitude have been shown to be better at differentiating good and poor readers than the
scores on academic reading attitude (McKenna et al., 1995). The reason may be that
recreational reading attitude is related more closely to reading behaviors, whereas
academic reading attitude is correlated with school subjects (Schiefele et al., 2012).
Reading attitude was found to become increasingly negative with grade. For example,
a study with a large sample (over 10,000 participants) found that both leisure and
academic reading attitudes became progressively negative with increased grade levels
(McKenna et al., 1995). Therefore, it is crucial to cultivate positive reading attitudes
in the early stages of reading development (Petscher, 2010). Parental attitudes towards
reading and home literacy environments were found to relate to children’s reading
attitudes (e.g., Beech, 1990; Scarborough & Dobrich, 1994). One way to measure
reading attitude is to have children answer a series of queries about their feelings for
reading-related activities (e.g., “How do you feel when you go to a bookstore?””)
(McKenna & Kear, 1990).

Reading self-efficacy Reading self-efficacy refers to “the extent of a person’s
expectation to perform well on a reading task™ (Schiefele et al., 2012). Because self-
efficacy influences children’s choices of tasks, and their effort and persistence on the
task, it has impact on their reading behaviors (Bandura, 1997). High reading self-
efficacy helps children to maintain effort in achieving a reading task over a long
period of time, while exceedingly high self-efficacy may be detrimental to learning to
read, for children may be overoptimistic about their abilities and hence not put enough

effort into studying (Schunk, 2003). Previous studies have found correlation between
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reading self-efficacy and reading activities. For instance, Tercanlioglu (2001) found
that reading self-efficacy was related to the amount of reading for enjoyment (r = .24).
It has also been associated with reading strategies (e.g., memorization, elaboration)
(Anmarkrud & Braten, 2009).

Reading self-efficacy is acquired mainly through task performance; the success
experience raises the self-efficacy and the failure experience lowers it (Schiefele et
al., 2012). Moreover, self-efficacy can also be acquired through the comments of
others (e.g., parents told child that he/she can do this), and the observation of others’
behaviors, for instance, for classmates with similar ability levels or seeing other
people finish a task will improve the self-efficacy of the viewer (Schunk, 2003).

In this study, the general psychological attributes (e.g., self-regulation, emotional
competence) and reading interest were selected as the psychological factors. As
mentioned above, because lower grade students in China have limited literacy
experiences and are adapting to formal schooling, the general psychological attributes
could be more prominent at this stage of their reading development. As for reading
interest, previous studies have shown that very early readers (kindergarten children)
are able to express this, which in turn prompted their parents to conduct more literacy
activities (Pezoa et al., 2019), whereas the reading attitudes and reading self-efficacy
of these early readers may be underdeveloped due to the limited literacy experiences,
especially at the first time point (grade one). Specifically, researchers have found that
lower graders held overoptimistic academic self-concept and their self-reported

reading interest did not correlated with other reading-related variables (e.g., Helmke,
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1999; Silinskas et al., 2020). Thus, I did not include the children’s reading attitude
and reading self-efficacy for the psychological component, and the reading interest
was examined by a parental questionnaire in this study, as the participants in this

study were lower grade students.

2.5. The Interplays of Components Across Domains in CMR

One of the benefits for incorporating components from multiple domains (i.e.,
cognitive, ecological, psychological) in CMR is that it creates an opportunity to
investigate the relationships across domains. This type of investigation is lacking in
previous studies, for most of them only included factors from one domain. However,
factors from different domains do not contribute to reading independently; rather, they
interact with each other in contributing to reading development. In this section, those
interplays between components will be discussed. In the following sections, the
potential mediation of cognitive components for the relationship between ecological
components and reading will be discussed, followed by the potential mediation of

psychological components for the link between ecological components and reading.

2.5.1. The mediation of cognitive components between ecological components

and reading

According to the Ecological System Theory (Bronfenbrenner, 1986), ecological
components such as SES and HLE have extensive influence on children’s
development. However, the specific mechanisms for the relation between ecological

components and children’s reading outcomes remain largely unknown. One way to
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investigate these mechanisms is through examining the interaction between
components from different domains. Previous studies have investigated the mediation
of cognitive components for the relation between ecological components and reading
outcomes. These studies shed light on how the ecological component contributes to
children’s reading development.

For example, Senechal and LeFerve (2002) found that children’s vocabulary and
listening comprehension at the beginning of grade one mediated the relationship
between HLE measured at kindergarten and reading outcomes at the end of grade one
and grade three in Canadian primary school children. This result suggested that better
HLE (e.g., parents reading more books to children) enhanced children’s vocabulary
and listening comprehension, which supported their reading acquisition. Similarly, the
mediation of the cognitive components for the relation between ecological component
and reading was also found in Chinese children. For instance, Liu (2018) found that
SES predicted literacy resources (quantity of children’s books at home), and the
effects of literacy resources on word reading was mediated by vocabulary and
phonological awareness in Chinese third-year kindergarten children (Liu et al., 2018).
Similar results were found in a longitudinal study from the third year of kindergarten
to grade two, where HLE measured in kindergarten was found to contribute to
children’s word reading at grade one and reading comprehension at grade two via the
emergent literacy skills measured in kindergarten (e.g., rapid naming, vocabulary,
syllable awareness) (Zhang et al., 2019). Relatedly, Cheng and Wu (2017) found that

vocabulary and morphological awareness mediated the relationship between SES and
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reading comprehension in Chinese first graders. Other researchers have suggested that
children from higher SES families developed broader vocabularies. This vocabulary
base supported their reading development both directly and indirectly by facilitating
the growth of their morphological awareness (Cheng & Wu, 2017). Similarly, in a
longitudinal study, Zhang et al. (2013) found that early SES (measured at age 3)
contributed to children’s character reading at age 9 both directly and indirectly via the
early phonological awareness and vocabulary (measured at ages 4 and 5).

Thus, besides the direct contribution to reading development, ecological components
also contribute to reading outcomes via the mediation of cognitive components.
Moreover, the proportion of direct and indirect contributions of the ecological
component to reading may be susceptible to change with reading development. A
large amount of studies of home learning environments focused on kindergarten or
younger children (e.g., Anders et al., 2012; Liu et al., 2018; Son & Morrison, 2010),
and studies of primary school children’s home literacy environments is scant (Deng et
al., 2015). One reason for the deficiency of studies in primary school children may be
that the relationship between ecological components and reading outcomes was
shifted from direct to indirect with reading development. Indeed, both Liu et al.
(2018) and Deng et al. (2015) did not find any significant correlation between home
literacy experiences and word reading in Chinese lower graders. This result led to
researchers concluding that home literacy practice may not be an important
component once children start to receive formal schooling (Katzir, Lesaux, & Kim,

2009).
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While the direct influence of the ecological component on reading may be attenuated
in primary school children, the studies mentioned above indicated the potential
existence of indirect relations between ecological components and reading outcomes
in primary school children. One possible reason for the emergence of indirect
relations is that the cognitive component may be mature enough in primary school
children to mediate the effect of the ecological component on reading. In all, the
change in the strength of the indirect contribution of the ecological component to
word reading via the cognitive component over the lower grade period remains

undiscovered.

2.5.2. The mediation of psychological component between ecological component

and reading

As mentioned above, children’s interest in reading was found to be associated with
HLE in children in different language settings (e.g., Weigel et al., 2006; Yeo et al.,
2014). In other words, the ecological variables could influence the psychological
conditions of children, which in turn influence their reading development. Previous
studies have also found that HLE contributes to the development of reading
motivation (a large construct that includes reading interest) (e.g., Baker, Scher, &
Mackler, 1997). Specifically, the positive emotional interaction between parents and
children during shared reading is pivotal to the development of children’s reading
motivation (Sonnenschein & Munsterman, 2002). On the other hand, the relationship
between reading motivation and reading abilities has been established in previous

studies (e.g., Becker, McElvany, & Kortenbruck, 2010; Guthrie, Wigfield, Metsala, &



41

Cox, 1999; Schiefele et al., 2012). Taken together, a potential path from ecological
component to reading via the mediation of the psychological component can be
postulated.

SES may also interact with the psychological factor, for it has been associated with
children’s psychological conditions in previous studies. For instance, Brody (1999)
found that mothers with limited economic resources were less likely to set higher
goals for their children and cultivate competence development, resulting in poorer
regulation ability and lower social competence. SES has also been negatively
associated with children’s aggressive and delinquent behaviors (McCoy, Frick,
Loney, & Ellis, 1999). Thus, with the established relation between general behavioral
attributes and reading achievement (mentioned in the section above) on the other end,
it is possible that the relation between SES and reading abilities is mediated by
general behavior attributes.

A better ecological component may also tame the negative effect of the less adaptive
psychological factors on reading ability. For example, when parents set more rules
and regulations at home (e.g., asked children to study at a specific time slot every day)
and conducted more literacy instructions, there were less negative impacts of their
children’s ill-adaptive temperaments (e.g., disobedience) on their reading abilities
(Taylor et al., 2017).

Thus, in addition to the direct paths from the three components to word reading,
potential mediations of the psychological and cognitive components for the relations

between the ecological component and word reading may also emerge. Taken
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together, these paths could be constructed into a structural model (see Figure 1). As
indicated in Figure 1, paths b, c, and e are direct paths from components to word
reading, whereas paths a and d are parts of the indirect paths from the ecological

component to word reading.

Ecological Word reading

Psychological

Figure 1. Hypothesized structural model between components and word reading. Ecological = ecological component;

Cognitive = cognitive component; Psychological = psychological component.

2.6. The Developmental and Longitudinal Relations between Components and

Word Reading

The shift of the relationships between components and word reading with
development was mentioned briefly in the above review. In this section, these
developmental shifts between components and word reading, as well as the

longitudinal relationships between components and word reading, will be discussed in

detail.
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2.6.1. The developmental shift of the ecological component

As mentioned before, most studies of the relationship between HLE and children’s
reading outcomes have focused on preschool or kindergarten children (e.g., Anders et
al., 2012; Liu et al., 2018; Son & Morrison, 2010), with this relationship having been
less explored and less robust in primary school students (e.g., Deng et al., 2015; Liu et
al., 2018). These results indicate that ecological factors at the family level can have a
reduced impact on the children’s reading development.

However, it is possible that the ecological component at the school level exerts a
larger effect (than the ecological factors at the family level) once children enter
primary school. For example, a meta-analysis by Peng et al. (2019) found that SES
exerted a larger influence on the relation between fluid intelligence and reading
achievement in early development. It has been suggested that the effect of SES may
be overshadowed by the school environment and children’s literacy experiences with
development (Peng et al., 2019). In other words, in the early developmental phases,
children may benefit more from high SES environments enabling them to utilize fluid
intelligence in learning to read, while the school environment and literacy experiences
became more important in promoting their genetic potential (i.e., fluid intelligence)
for literacy development later on. Similar results were found in the twin study by
Haughbrook et al. (2017), in which school quality was found to influence the genetic
variability of pre-reading skills (e.g., letter-naming fluency) in lower grade students

from the United States. Thus, the ecological component may consistently exert its
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influence on reading ability, with the family level factors (e.g., HLE) giving away to
the school level factors (e.g., classroom environment).

In addition, the effect of the ecological component at the family level on reading
ability may also shift from direct to indirect. Specifically, as the proximal components
(i.e., the cognitive and psychological components) become more developed, the distal
ecological component may exert its influence through their mediations. Indeed,
whereas the direct relationship between home literacy experiences and word reading
were not found in some studies that examined Chinese lower grade students (Deng et
al., 2015; Liu et al., 2018), the indirect relationships between the ecological factors at
the family level and the reading outcomes via the cognitive factors (e.g., vocabulary,
PA) were found in the same group of children (e.g., Zhang et al., 2019; Zhang et al.,

2013).

2.6.2. The developmental relations between the psychological and the cognitive

components and word reading

Young children may possess overoptimistic self-concepts about their reading (e.g.,
overestimate their reading abilities). As they gain more experience with reading
activities, however, their reading interest, reading self-efficacy and reading attitudes
become more calibrated with the reality (Helmke, 1999). Therefore, the relationship
between the psychological component and reading ability may become closer with
development. In addition, with the growth of reading ability, children’s reading-
specific psychological factors could transfer more to their reading-related activities,

which in turn improve their reading abilities. For example, reading interest may
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become more relevant to reading ability as they become able to read more books on
their own. Thus, the effect of reading-related psychological factors on reading ability
may increase with their development.

Similarly, general psychological factors may also have an increased effect on reading
ability. As children go on to higher grades, the curriculum becomes more difficult,
which makes their attention and self-regulation abilities (e.g., focus on teachers’
instructions during the class, strive to finish difficult homework) more relevant to
their reading achievements (Newman et al., 1998). Thus, both reading-specific and
general psychological factors may become more important to reading ability with
children’s development.

In contrast, the effect of the cognitive component may be consistent and important
throughout reading development. Previous longitudinal studies have shown cognitive
abilities (e.g., MA, PA, vocabulary) to be correlated moderately with reading ability
throughout literacy development in Chinese children (e.g., Lei et al., 2011; Yeung et
al., 2013). However, the importance of the specific cognitive factors differs across the
developmental period. A cross-sectional study with primary school students in China,
by Liu et al. (2017), found that PA contributed significantly to word reading only in
beginning readers, whereas MA and orthographic awareness contributed significantly
across grades. Another longitudinal study, by Yeung et al. (2013), found that MA
(measured in grade one) was the only longitudinal predictor of word reading in grade
four, with other cognitive variables (e.g., PA, rapid naming) and the autoregressive

effect controlled, while rapid naming in grade one only predicted concurrent word
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reading, and phonological memory in grade one negatively predicted word reading in
grade four. Thus, it seems that PA is important in early reading development, while
MA continues to be an essential factor in learning to read Chinese. The developmental
changes for other domain-general cognitive factors (e.g., visual spatial attention,
working memory) were less explored in previous studies, although they have been
found to play important roles in Chinese early readers (e.g., Liu & Liu, 2020; Yang et

al., 2019).

2.6.3. The longitudinal effect of the components on the growth of word reading

Learning to read is an accumulative and complex process, with factors from the early
developmental phases influencing the acquisition of emergent literacy skills (e.g.,
MA, PA), which in turn contribute to reading ability later on. For example, in a
longitudinal study Zhang et al. (2019) found that SES and HLE contributed to
Chinese primary school children’s emergent literacy skills (e.g., vocabulary, PA,
rapid naming) at kindergarten, which in turn contributed to word reading in grade one.
Similarly, Leseman and De Jong (1998) found that HLE measured in kindergarten
predicted word decoding and reading comprehension in grade one, while the effects
of other early ecological factors (e.g., SES, parents’ literacy practices) contributed
indirectly to reading achievement in grade one through the mediation of HLE and
early vocabulary (measured in kindergarten) in primary school students from the

Netherlands.
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Ecological factors such as SES and HLE were often viewed as the antecedents of
reading abilities. As a result, longitudinal studies have often included ecological
factors measured at early time points when examining (or controlling) their effects on
reading development (e.g., De Jong & Leseman, 2001; Li et al., 2008; Zhang et al.,
2019). In these studies, the ecological factors were found to contribute to reading
development directly and/or indirectly through emergent literacy skills (e.g., rapid
naming), oral language skills (e.g., vocabulary), and psychological factors (e.g.,
reading interest), similar to the paths depicted in Figure 1 (e.g., Liu et al., 2018;
Puglisi et al., 2017; Sénéchal, 2006).

Although the longitudinal effects of the ecological factors on reading ability were
established in previous studies, less is known about the effects of these factors on the
growth of reading ability in a given developmental period. This is because most
longitudinal studies have not included the auto-regressor (i.e., early reading ability) in
the model. One possible reason for the common exclusion of the auto-regressor is that
it tends to eliminate the effects of other predictors in the model. For example, in the
Netherlands, after accounting for word-decoding ability in grade one, early HLE did
not contribute to this ability in grade three (De Jong & Leseman, 2001). Even the
effects of cogntive factors (more proximal factors than ecological ones) on word
reading were largely masked by the autoreggresive effects. As Yeung et al. (2013)
found, only MA survived as the longitudinal predictor of word reading in Chinese

primary school students.
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However, the studies that excluded the auto-regressor were limited in that casual
inferences, as a known predictor (early reading ability), was omitted (S. R. Burgess et
al., 2002; Tabachnick & Fidell, 1989). In other words, the inclusion of the auto-
regressor is necessary when examining the effects of the ecological factors on the
growth of reading ability over a specific developmental span. The same applies to the
examinations of the effects of the cognitive and the psychological factors. In addition,
while both the direct and the indirect effects (via the cognitive and the psychological
components) of the ecological factors were examined in previous longitudinal studies
(e.g., Burgess et al., 2002; Vasilyeva et al., 2018; Zhang et al., 2019), few studies
have scrutinized the exact developmental duration for the effects to emerge. For
example, the longitudinal study by Zhang et al. (2019) measured SES, HLE, and
emergent literacy skills (e.g., rapid naming, PA) at the third year in kindergarten and
word reading in grade one primary school students from China. In the path model,
SES and HLE were set to contribute to the concurrent emergent literacy skills, which
in turn contributed to word reading longitudinally (Zhang et al., 2019). In other
words, the effects of the ecological factors on the emergent literacy skills (i.e.,
cognitive factors) were concurrent, while the effects of the ecological and cognitive
factors on word reading were longitudinal (one year).

In contrast, De Jong and Leseman (2001) found that HLE measured before children
entered primary school contributed indirectly to reading comprehension in grade three
via the mediation of the oral language skills (i.e., cognitive factors such as vocabulary

and listening comprehension) measured at the end of grade one in the Netherlands
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children. Thus, in their study, the longitudinal indirect effect of HLE on reading
comprehension lasted for three years, with a one-year longitudinal effect of HLE on
cognitive factors and two-year longitudinal effect of the cognitive factors on reading
comprehension. In sum, while previous studies have found the longitudinal effect of
ecological factors, the expressive duration for the effects (both direct and indirect)
were different across studies (e.g., Crampton & Hall, 2017; Van Steensel, 2006;
Weigel et al., 2006). A comparison of the durations of the effects would contribute to

the understanding of reading development.

2.6.4. Bidirectional relations between components and reading outcomes

To comprehend the reading developmental process, it is necessary to look into the
dynamic interactions between the components and reading outcomes. Most of the
studies reviewed above have identified components and reading ability at a given
time, for example, the ecological component was measured in kindergarten, the
cognitive component measured in grade one, and the reading comprehension
measured in grade three, which makes the studies static because they fail to examine
how the components themselves and the reading outcomes develop and interact with
each other (Cain & Barnes, 2017). Recent studies have found that the relationships
between the components and reading outcomes are indeed dynamic and interactive
(e.g., Cheng et al., 2016; Deng et al., 2015; Pezoa et al., 2019). In this section, these

dynamic relationships will be discussed.
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As mentioned before, ecological variables have often been treated as the antecedents
or distal factors of reading development and thus used to predict other components
(e.g., psychological component) and the reading outcomes in previous studies (e.g.,
De Jong & Leseman, 2001; Li et al., 2008; Zhang et al., 2019). Specifically, previous
studies have found that HLE contributes to the development of children’s reading
interest (e.g., Sénéchal, 2006; Weigel et al., 2006). Some recent studies have found
the relationship between the ecological and psychological components is not
unidirectional but may be bidirectional. For example, in Chile, Pezoa et al. (2019)
found that children’s reading interest predicted their parents’ literacy practices (e.g.,
shared reading) throughout the kindergarten period. Similarly, Boerma et al. (2018),
in the Netherlands, found that parents conducted more literacy activities at home
when they recognized their primary school children’s interest in reading. Thus, it
seems that children are not only the receivers of the ecological influence but also
construct their environments actively to improve their reading development (Pezoa et
al., 2019).

In addition to the bidirectional relationships between the components, potential
bidirectional relationships may also exist between components and reading outcomes.
Although most studies identified the effects of the components on reading outcomes
(e.g., Kim et al., 2020; Levesque et al., 2018; Ouellette, 2006), there are also studies
that found the relationships to be reversed or reciprocal. For example, a longitudinal
study in Germany, by McElvany et al. (2008), found that early reading

comprehension predicted later reading motivation (i.e., psychological factor), and
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early reading motivation contributed indirectly to later reading comprehension with
the mediation of reading amount in higher grade primary school students.

The effects of reading ability on the cognitive factors were also discovered in
previous studies. For instance, the one-year longitudinal study by Dulay et al. (2021)
found that early word reading predicted later vocabulary, and early MA predicted
later word reading in Chinese first graders. Wu et al. (2009) suggested that MA
contributes to literacy development in grade two, but the relationship turned into a
bidirectional one in early third grade in Chinese primary school students. The results
of these studies indicated that literacy experiences can help children to improve their
language-related cognitive skills. For example, after they have learned the different
characters for homophones (i.e., different morphemes with the same sound), they may
be better able to differentiate the morphemes in oral language, thereby improving
their vocabulary knowledge (Dulay et al., 2021). With the growth of the literacy
experiences, children can also gain a better understanding of the morphology through
reading, which turns the relationship between MA and reading into a reciprocal one
(Wu et al., 2009).

The bidirectional relationships between ecological factors and reading outcomes in
lower grade children from China were also examined in previous studies. For
example, Deng et al. (2015) used the cross-lagged panel model to examine the
bidirectional relationship between HLE and word reading in lower grade students.
They showed that the children’s word reading in grade one negatively predicted the

informal literacy activities at home (e.g., the frequency of shared reading). The
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researchers suggested that when the parents perceived their children were having
trouble in literacy learning at school, they responded by providing more literacy
activities at home (Deng et al., 2015). Thus, it seems that the relationship between the
ecological component and reading may be more complex in the developmental period
of primary school in China. Not only did the ecological factors (e.g., HLE, SES)
contribute to the children’s reading abilities, the children’s reading abilities also
influenced the ecological factors.

To summarize, the relationships between components and reading are dynamic and
multi-directional. Even though previous studies have examined the reciprocal nature
of relationships in one or two domains, no study yet has incorporated the factors from
the ecological, psychological, and cognitive domains and examined the reciprocal

relationships between these and with word reading in Chinese lower grade students.

2.7. The Present Study

This study investigated word-reading development in lower grade students in China
by incorporating components from multiple domains and examining their dynamic
interplays under the framework of CMR using a one-year longitudinal design. There
were three major objectives for this study. First, it aimed to validate and extend CMR
in lower grade students in China. Second, it aimed to construct a structural model (see
Fig. 1 for the hypothesized model) to illustrate the relationships between components
and word reading at each time point and see whether the two concurrent models were

different. Third, this study aimed to examine the longitudinal effects of the
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components on the growth of word reading and the reciprocal relationships between
components and word reading at two time points.

Accordingly, I hypothesized that: 1) the factors from ecological, cognitive, and
psychological components would converge into the respective components, and all
three components would correlate significantly with word reading at two time points
in the measurement models; 2) in the structural models at the two time points, the
cognitive and psychological components would contribute directly to word reading,
while the ecological component would contribute indirectly through the mediation of
the other two components; 3) when comparing the two concurrent models, the effect
of the psychological component on word reading would be increased with time, the
effect of the cognitive component on word reading would be similar across the two
times; 4) Time 1 components would predict the growth of word reading, Time 1
ecological component would indirectly contribute to the growth of word reading
through the mediations of Time 2 cognitive and psychological components; 5) there
would be reciprocal relationship between ecological and psychological components,
and word reading would have reciprocal relationships with the three components. The
reciprocal relationships would all be positive, except the relationship between early
word reading and the ecological component, which would be negative.

The results of this study provide a comprehensive scene of the reading development
in Chinese lower-grade children. Whereas most studies have examined components
from one domain, this one integrated components from three domains (i.e., ecological,

psychological, and cognitive). Moreover, this study examined the structural relations
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among components from different domains, which is crucial in order to elucidate the
overall contributions (both direct and indirect) of the components (Kim, 2017). This
study aimed to extend the CMR in three aspects. First, this framework was applied to
a new group of subjects (i.e., Chinese lower graders), which demanded the
modification of the theory. For example, due to their developmental and language
characteristics, word reading, rather than reading comprehension, was used as the
reading outcome in this study. Second, as mentioned before, both direct and indirect
relations among domains were investigated in this study. Third, the relationships
between components and word reading were examined at two time points, which
allowed for the investigation of the prediction of the early components on the growth
of word reading, as well as the reciprocal relationships between components and word
reading. It was intended that these examinations would enrich the model by adding
the structural, longitudinal, and indirect relationships between the components and
word reading. In practice, the results could provide implications for how and where to
allocate resources and interventions in order to attaining better reading development

for lower-grade children.
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Chapter 3: Methodology

3.1. Participants

One hundred and ninety-four first grade students (119 boys, 75 girls; mean age =
86.20 months, SD = 4.92) were recruited from one primary school in Shenzhen,
China. All participants in this study were native Chinese speakers. Of this group, 175
were tested again when they were in grade three (108 boys, 67 girls; mean age =
103.13, SD =4.27). In addition, 9 boys (mean age = 100.67 months, SD = 4.67) who
had not participated in the first wave joined the project in the second wave. The
attrition was due to sick leave or school transfer. The first wave took place in March
(second semester of grade one), and the second wave in September (first semester of
grade three).

The parents of the children participated in both waves by completing a questionnaire
on home literacy environment, family socioeconomic status, and children’s reading
interests and attentional conditions. There were 191 and 175 retrieved parental

questionnaires in the first wave and the second wave, respectively.

3.2. Measures

3.2.1. Cognitive domain

Morphological awareness. Morphological awareness was measured by two tasks, the
compounding structure awareness task and the homophone awareness task. In each
item of the compounding structure awareness task (Liu & McBride-Chang, 2010), the

children were asked to create a novel word for the scenario presented by the
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experimenter. For example, in one item, the experimenter asked: z F AL HAE—
2] Y544 2 “What do we call the combination of rosy clouds and a fresh
flower?” The best answer was z={¢ (cloud-flower). The children’s answers were
scored from O to 4. Four points were allotted for answers that contained all the crucial
morphemes with the correct positions, and without any redundant morphemes; Three
points were allotted for answers that were similar to the four-point answers but with
redundant morphemes; two points were allotted to the answers that missed one crucial
morpheme; one point was allotted to the answers that had some crucial morphemes
but were positioned in wrong places; zero points were allotted for no answers or
answers that did not contain any crucial morphemes. This task consisted of 31 items,
and the maximum score was 124. The inter-rater reliability was .96 and .95 at the first
and the second waves, respectively. Discrepancies were resolved through discussion.
In each item of the homophone awareness task (McBride-Chang et al., 2003), the
experimenter presented three words aurally. The first one was the target word, and the
latter two were alternatives. The three words contained one common syllable, but only
one of the alternatives contained the syllable that shared the morpheme in the target
word. Children were asked to answer this word. For example, in one item, the target
was % (/zi3 nv3/, son-daughter, children), two alternatives were 5 (/zi3
dan4/, pellet-bullet, bullet) and ) (/zi3 sunl/, son-grandson, offspring), and the
answer was -9y (/zi3 sunl/, son-grandson, offspring). This task consisted of 33

items and one point was given for each correct answer. The scores of the two



57

morphological awareness tasks were first standardized and then averaged into one
score of morphological awareness.

Phonological awareness. Phonological awareness was examined through four tasks:
syllable deletion, onset deletion, rime deletion, and tone detection. In each item of the
syllable deletion task (McBride-Chang et al., 2008), the experimenter aurally
presented a three-syllable word, and the children were asked to delete one syllable and
reply with the remaining part of the word. There were 29 items in this task, with 15
real words and 14 nonsense words. The score of the task was the number of correctly
answered items.

In each item of the onset deletion task (Tong et al., 2017), the experimenter aurally
presented a syllable or multi-syllable nonsense word, and the children were asked to
reiterate each syllable without the initial sound. There were 22 items in this task, with
14 one-syllable items and 8 multi-syllable items. The score for the task was the
number of correctly answered items.

In each item of the rime deletion task, the experimenter aurally presented a syllable,
and the children were asked to reiterate each syllable without the end sound. There
were 6 items in this task. The score for the task was the number of correctly answered
items.

In each item of the tone detection task (Zhang et al., 2012), the experimenter aurally
presented three syllables. Two of these syllables shared the same tone, while the other

had a different tone. The children were asked to identify the different one for each
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item. There were 12 items in this task. The score was the number of correctly
answered items.

Vocabulary. In each item of this task (McBride-Chang, Tardif, et al., 2008), the
experimenter aurally presented a word and asked the children to explain it. Their
answers were marked based on comprehensiveness and clarity from 0 to 2: 2 points
were allotted to answers that fully described the word, a score of 1 was given for
answers that partly described the word, and a score of O was given for a wrong or no
answer. This task had 30 items. The inter-rater reliability was .95 and .97 at the first
and the second waves, respectively. Discrepancies between raters were resolved
through discussion.

Working memory. Working memory was examined through the backward digit span
test based on the Wechsler Intelligence Scale for Children (Wechsler, 1991). In each
item of this test, the children were asked to repeat backwards a digit string that was
presented aurally (roughly one digit per second) by the experimenter. The strings
started at two digits and gradually increased to nine digits. This test consisted of 14

items and one point was given for each correct answer.

3.2.2. Psychological domain

Children’s interest in reading. The children’s interest in reading questionnaire (see
Appendix A) was adapted from the parental questionnaire used in the Program for
International Student Assessment (PISA) (OECD, 2019). One item about reading for

information gathering was removed due to the reading level of the participants in this
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study. We asked the parents to report on their children’s interest using a 4-point scale
(1 = strongly disagree to 4 = strongly agree).

Psychological problem. Children’s psychological problems were measured by the
Conners’ Parent Rating Scale - Revised (Su et al., 2001). This scale consisted of 48
items (see Appendix B for the sample items), with subscales covering a variety of
psychological problems, such as anxiety, inattention and psychosomatic problems.
The Chinese version of the scale showed good reliability and sensitivity in
differentiating children with emotional and attentional disabilities and typically
developing children (Su et al., 2001). Parents were asked to indicate whether their
children exhibited the behaviors through a 4-point scale (0 = Not atall, 1 =
sometimes/mildly, 2 = frequently/severe, 3 = very frequently/very severe). The sum

scores of the scale were calculated.

3.2.3. Ecological domain

Family SES. We asked the parents to report on their highest attained education and
their occupations. Parental education was measured with an 8-point scale ranging
from 1 = finished primary school to 8 = finished doctoral studies. Parental occupation
was measured with a 5-point scale ranging from 1 = unemployed/unskilled work to 5
= senior managerial or senior professional work. The education scores and the
occupation scores from the two parents were averaged into one family education score

and one family occupation score, respectively.
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At the second wave, we also asked the parents to report their income levels on a 7-
point scale ranging from 1 = below 3000 RMB to 7 = above 18000 RMB, with 3000
RMB interval (e.g., 2 = 3001 RMB to 6000 RMB, 3 = 6001 RMB to 9000 RMB)
between each option. Similarly, the income scores from both parents were averaged
into one score of family income.

To construct the Time 1 SES index for each family, we first standardized the
education score and the occupation score (because these two scores had different
ranges) and then conducted a principal component analysis for the two standardized
scores using a varimax rotation. The results showed that only one component had an
eigenvalue exceeding 1, explaining 77.42% of the variance. This component was used
as the Time 1 SES index in this study.

Similarly, to construct the Time 2 SES index for each family, we first standardized the
education score, the occupation score, and the income score and then conducted a
principal component analysis for the three standardized scores using a varimax
rotation. The results showed that only one component had an eigenvalue exceeding 1,
explaining 62.52% of the variance. This component was used as the SES index at
Time 2 in this study.

Home literacy environment. Home literacy environment was examined by asking
about literacy activities at home, the number of children’s books at home, and the
number of adults’ books at home.

At Time 1, literacy activities at home before entering the primary school were

examined through the home literacy activities questionnaire of the International
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Association for the Evaluation of Education Achievement-Progress in International
Reading Literacy Study (IEA-PIRLS) (Martin et al., 2007). The questionnaire
consisted of 10 items (see Appendix C) related to literacy activities at home (e.g.,
shared reading), and parents were asked to indicate the frequency of these activities
through a 3-point scale (1 = never or almost never, 2 = sometimes, 3 = frequently).
At Time 2, the home activities questionnaire from the Progress in International
Reading Literacy Study (PIRLS; Tse et al., 2010) was adapted to examine the present
literacy activities at home, where items that related to literacy activities (e.g., discuss
the materials that your child has read in class) were included. The questionnaire
consisted of six items (see Appendix D), and parents were asked to indicate the
frequency of these activities through a 4-point scale (1 = never or almost never, 2 =
one or two times per month, 3 = one or two times per week; 4 = every day or almost
every day).

At both time points, the number of children’s books at home was measured using a 6-
point scale (1 = 0-10 books, 2 = 11-25 books, 3 = 26-50 books, 4 = 51-100 books, 5 =
101-200 books, and 6 = over 200 books). The number of adults’ books at home was
also measured using a 6-point scale (1 = 0-10 books, 2 = 11-25 books, 3 = 26-100

books, 4 = 101-200 books, 5 = 201-500 books, and 6 = over 500 books).

3.2.4. Word reading ability

Chinese character reading. This task had 100 Chinese characters, which were

arranged in order of ascending difficulty (Liu & Liu, 2020; McBride-Chang et al.,
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2003). The children were asked to read the characters one by one and received one
point for each correct answer. The test was terminated when a child received 0 points
on 15 consecutive items. The score for the task was the number of correctly read
characters.

Reading fluency. In this task, the children were asked to read as many words as they
could in 45 seconds. This task had 21 single-character words, 76 two-character words,
5 three-character words and 2 four-character words (104 items in total). A list of eight
words was presented to the children prior to the test for practice. The score of the task
was the number of correctly read words within the time limit. This task has been used

successfully in previous studies (e.g., Liu & Liu, 2020; Pasquarella et al., 2015).

3.2.5. Control variable

Nonverbal intelligence. Nonverbal intelligence was measured with Raven’s Standard
Progressive Matrices (Raven, Court, & Raven, 1996). Sets A and B of the test were

administered, consisting of 24 items. One point was given for each correct answer.

3.3. Procedure

At Time 1, all children were tested individually by trained experimenters in a quiet
classroom in their school. The test took place in the spring semester of grade one. At
Time 2, the format of the measurement was revised to shorten the measurement
period and to keep social distance for infection control due to the Coronavirus disease
2019 (COVID-19). Specifically, the two word reading tasks and all the measures in

the cognitive domain (except the tone awareness task) were transformed into digital



versions on PC and the children were group-tested in the computer room at school.

Instructions were prerecorded by one graduate student and the children’s answers
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were recorded through microphones and later transcribed/scored by graduate students

(except for the homophone awareness task, in which the answers were recorded
directly by selection using a mouse). The children from the same class (about 40
children per class) were tested together. Five experimenters were presented in each
session to provide guidance and instruction to children in need of it.

In addition, at Time 2, the nonverbal intelligence task and the tone awareness task
were group-tested in the children’s classroom in paper form. The children from the
same class were tested together. The instructions were presented aurally by the
experimenter. The children were asked to write down their answers on the answer
sheets provided. The questionnaires were completed by the children’s parents at
home. The parents were assured of their anonymity and that there were no right or

wrong answers. They were also encouraged to answer the questionnaire truthfully.

Because the psychological problem scale did not correlate with most of the variables

at Time 1, this scale was deleted from the questionnaire at Time 2 to reduce the

parents’ workloads and to expediate the data collection process.

It should be noted that safety procedures brought about by the COVID-19 pandemic

were adhered to. During the data collection phrase at Time 2, there was no local case

occurring in the city. Moreover, prior to the data collection, all the experimenters had

tested negative for the virus. All the experimenters wore masks during the data

collection at school.
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Chapter 4: Data Analysis and Results

4.1. Descriptive Results

The descriptive statistics and Cronbach’s a for all the measures used in this study are
shown in Table 1. The measures in this study have shown good reliability and there
was no large skewness for the distributions of the measurements. The syllable
awareness task at both times and the rime deletion task, onset deletion task, and the
working memory task at Time 1 showed Leptokurtic distributions (Kurtosis > 3),
which indicated that the scores for these tasks were clustered around the mean. The
scores for the other measures did not deviate largely from the normal distribution. The
zero-order correlations between the variables at Time 1, Time 2, and across both
times are shown in Table 2, Table 3, and Table 4, respectively.

Table 2 shows that, at Time 1, the two word reading tasks were significantly
correlated with each other (r = .87, p < 0.01). The two word reading tasks were
significantly correlated with all the variables in the cognitive domain (rs = .25 - .49,
ps < 0.01). They were also significantly correlated with children’s interest in reading,
literacy activities at home, and the number of children’s books at home (rs = .19 - .25,
ps < 0.05). The four factors of the ecological domain (i.e., family SES, literacy
activities at home, the number of children’s and adult’s books at home) were
significantly correlated with each other (rs = .24 - .36, ps < 0.05). Family SES was
also correlated with morphological awareness and nonverbal intelligence (rs = .16

- .29, ps < 0.05). The literacy activity at home was correlated with children’s interest

in reading and their nonverbal intelligence (rs =.20 - .45, ps < 0.05). The numbers of
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children’s and adult’s books at home were correlated with children’s homophone
awareness, and interest in reading (rs = .15 - .27, ps < 0.05). Children’s interest in
reading wwas significantly correlated with nonverbal intelligence, tone awareness,
and vocabulary (rs = .15 - .17, ps < 0.05). Finally, the factors in the cognitive domain
were significantly correlated with each other (rs = .19 - .45, ps < 0.05), except the
correlations between rime awareness and morphological structural awareness,
vocabulary, work memory, and the correlation between tone awareness and
vocabulary, which were all non-significant.

Table 3 showed that, at Time 2, the two outcome measures were significantly
correlated with each other (r = .52, p < 0.01). Chinese character reading was
significantly correlated with all other variables (rs = .18 - .35, ps < 0.05), except for
homophone awareness, tone awareness, inattention, hyperactivity, and literacy
activities at home. Word reading fluency was significantly correlated with all other
variables (rs = .17 - .50, ps < 0.05) except for inattention, hyperactivity, and the
number of children’s books at home. The four factors in the ecological domain were
significantly correlated with each other (rs = .19 - .52, ps < 0.05), except the
correlation between the number of adults’ books at home and literacy activities at
home, which was non-significant. The number of children’s books at home was
significantly correlated with morphological awareness, vocabulary, working memory,
and children’s interest in reading (rs = .17 - .36, ps < 0.05). The number of adults’
books at home were significantly correlated with vocabulary and children’s interest in

reading (rs = .16 - .23, ps < 0.05). Children’s interest in reading was significantly
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correlated with morphological structural awareness (r = .22, p < 0.05). Finally, factors
in the cognitive domain were all significantly correlated with each other (rs = .17

- .59, ps < 0.05), except for the non-significant correlation between tone awareness
and homophone awareness.

As shown in Table 4, the variables significantly correlated with themselves across
both times (rs =.16 - .71, ps < 0.05). The cognitive factors were mostly significantly
correlated with each other across the times (rs = .16 - .51, ps < 0.05), except that
morphological structural awareness at Time 1 was only significantly correlated with
morphological structural awareness at Time 2 and vocabulary at Time 2 (rs = .16

- .23, ps < 0.05). In addition, homophone awareness at Time 1 was not significantly
correlated with tone awareness at Time 2, tone awareness at Time 1 was not
significantly correlated with the two levels of morphological awareness at Time 2,
and vocabulary at Time 1 was not significantly correlated with Time 2 syllable
awareness, rime awareness, tone awareness, or working memory. Most cognitive
factors at Time 1 were correlated with the two word reading variables at Time 2.

The ecological factors were significantly correlated with each other across times (rs
=.15-.71, ps < 0.05), except that family SES and literacy activities at home were not
significantly correlated across times, and the number of children’s books at Time 1
was not significantly correlated with literacy activities at Time 2. The ecological
factors at Time 1 (except the number of adults’ books at home) were also significantly
correlated with word reading fluency at Time 2. Children’s reading interest at Time 1

significantly correlated with the two MA tasks and home literacy environment
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variables at Time 2 (rs = .18 - .34, ps < 0.05), while psychological problems at Time 1
significantly correlated with homophone awareness, children’s interest in reading,
home literacy activities and the number of books for adults at Time 2 (rs = -.17 - -.27,
ps < 0.05). The two word reading variables were significantly correlated across times
(rs =.50-.71, ps < 0.01). The two word reading variables at Time 1 were
significantly correlated with most cognitive factors, children’s interest in reading and
family SES, as well as the numbers of children’s and adults’ books at home at Time 2.
In addition, Time 1 children’s interest in reading, family SES, and the number of
children’s books at home at Time 1 were significantly correlated with morphological
structural awareness at Time 2 (rs = .18 - .24, ps < 0.05); Family SES at Time 1 was
significantly correlated with vocabulary and working memory at Time 2 (rs = .21

- .24, ps <0.05).

Table 1. Descriptive Statistics for Measures in This Study

Variable Cronbach’sa.  Mean  SD Range Max Skew Kurtosis

Age_T1 / 8597 491 69.1-109.7 - .68 2.56
Age_T2 / 102.99 4.30 96-117 - .53 A3
NI_T1 It 16.44 3.80 6-23 24 -47 -.36
NI_T2 It 1952 2.86 9-23 24 -1.44 2.58
MSA_T1 0.87 61.70 21.30 6-119 124 -17 -14
MSA_T2 0.84 67.24 18.79 3-101 124 -88 1.06
HOMO_T1 0.82 2254  3.90 9-31 33 -.36 A1
HOMO_T2 0.77 2462 456 5-33 33 -1.07 1.63
SD_T1 0.88 2492 512 2-29 29 -2.10 5.07
SD_T2 0.86 2445 536 0-29 29 -2.75 8.86
OD_T1 0.92 1570 477 0-22 22 -155 3.14
OD_T2 0.91 10.86  5.61 0-22 22  -.68 -.32
RD_T1 0.82 551 1.33 0-6 6 -325 10.08
RD_T2 0.85 3.69 3.64 0-6 6 -54 -1.31
TD_T1 0.80 6.52 270 0-11 12 -48 -.53

TD_T2 0.82 790 3.23 0-12 12 -28 -1.07




Variable Cronbach’sa.  Mean  SD Range Max Skew Kurtosis
VOC_T1 0.89 16.80 6.63 0-35 60 .39 -01
VOC_T2 0.87 2235 7.85 0-42 60 -.30 .28
WM_T1 0.71 442 191 0-14 14 1.26 3.30
WM_T2 0.69 428  2.04 0-10 14 24 -.08
PP_T1 0.93 19.04 12.05 0-59 144 85
CRIL_T1 0.75 25.63 3.81 16-36 40 21 10
CRI_T2 0.83 2746  4.29 17-40 40 31 24
F_Edu T1 / 348 155 1-7 8 44 -1.01
F_Edu_T2 / 339 150 1-7 8 .36 -1.07
M_edu_T1 / 330 147 1-6 8 31 -1.12
M_edu_T2 / 341 153 1-7 8 .23 -1.10
F_job_T1 / 284 1.08 1-5 5 .50 -.56
F_job_T2 / 290 1.04 1-5 5 43 -.61
M_job_T1 / 233 111 1-5 5 .23 -1.19
M_job_T2 / 245 115 1-5 5 21 -1.14
F_income_T2 / 361 1.67 1-7 7 .73 -43
M_income_T2 / 251 145 1-7 7 1.21 1.42
HLA T1 0.88 19.31 4.29 6-30 30 -17 24
HLA T2 0.78 1777  3.74 4-24 24 -1.05 1.29
CBOOK_T1 / 256 117 1-6 6 .50 -12
CBOOK_T2 / 313 118 1-6 6 .30 .03
ABOOK_T1 / 188 091 1-6 6 1.17 2.23
ABOOK_T2 / 207 1.04 1-5 6 .59 -.33
CCR_T1 0.97 43.86 17.53 1-96 100 .59 15
CCR_T2 0.96 64.10 18.59 3-95 100 -1.31 1.35
RF_T1 I* 32.58 14.43 2-73 588 .53 -.28
RF_T2 * 61.16 20.58 2-102 588 -.53 10
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Note: T1 = Time 1; T2 = Time 2; NI = nonverbal intelligence; MSA = morphological structural awareness; HOMO

= homophone awareness; SD = syllable deletion; OD = onset deletion; RD = rime deletion; TD = tone detection;

VOC = vocabulary; WM = working memory; PP = psychological problem; CRI = Child reading interest; F_Edu =

father’s education level; M_Edu = mother’s education level; F_job = father’s occupation; M_job = mother’s

occupation; F_income = father’s income level; M_income = mother’s income level; HLA = home literacy

activities; CBOOK = the number of children’s books at home; ABOOK = the number of adults’ books at home;

CCR = Chinese character reading; RF = word reading fluency.

+ The reliability of the nonverbal intelligence test was not calculated because this measure is from a standardized

test.

* Because only the total number of the correctly read words was recorded, the reliability could not be calculated.
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NILTL MSA Tl HOMOT1 SAT1L PATL RATL TATL VOCTL WM.JTL PPT1 CRITL SESTlI HLATL CBOOK_T1 ABOOK Tl CCRTL RFTIL
NI_T1 —

MSA_T1 190 —

HOMO_T1 397 327

SA_T1 50 237 34 —

PA_T1 .38™ 23" 377 45"

RA_T1 24" 12 29™ 427 58" —

TA_T1 357 217 277 337 45" 347 —

VOC_T1 277 .38™ 43 24" 20" .05 13 —

WM_T1 .36™ 22" 26" 377 28™ .07 33" 19 —

PP_T1 .08 -14 -.04 .02 .02 .01 -.06 -.07 -.06 —

CRI_T1 A7 .07 .04 0.03 .00 -.01 16" 15" .07 -19 —

SES_T1 22" 16" 29™ 0.09 14 .09 .06 11 .06 -.04 16

HLA T1 20" .03 A1 0.11 .06 -10 .00 .07 A1 -.24™ 457 .30 —

CBOOK_T1 .10 .06 18" -0.01 .08 -.04 .04 15" 15" -13 27" .34 24" —

ABOOK_T1 .00 .07 15" .04 .03 -.03 -.01 A1 .06 -19" 227 417 36" AT —

CCR_T1 4T 257 427 457 377 26" 26" 457 317 -.05 257 15 A19™ 227 .05

RF_T1 50" 26" 49™ 46™ 40™ 26" 257 457 347 -.02 19" 15 217 19" .04 - —

Note: T1 = Time 1; NI = nonverbal intelligence; MSA = morphological structural awareness; HOMO = homophone awareness; SA = syllable awareness; PA = phoneme awareness; RA = rime

awareness; TA = tone awareness; VOC = vocabulary; WM = working memory; PP = psychological problem; CRI = Child reading interest; SES = family socioeconomic status; HLA = home

literacy activities; CBOOK = the number of children’s books at home; ABOOK = the number of adults’ books at home; CCR = Chinese character reading; RF = word reading fluency.

*p < 0.05; ** p < 0.01

Significant correlations are shown in bold font.
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Table 3. Zero-order Correlations between Variables at Time 2
NILT2 MSA T2 HOMO T2 SAT2 PAT2 RAT2 TAT2 VOCT2 WMJT2 CRLT2 SEST2 HLA T2 CBOOK T2 ABOOK T2 CCR T2 RF. T2

NI_T2 —
MSA_T2 18" —

HOMO_T2 227 407 —

SA_T2 14 357 297 —

PA_T2 29™ 49™ 37 36" —

RA_T2 247 38" 347 347 59™ —

TA_T2 15 20" 13 A7 36" 26™ —

VOC_T2 327 54 437 32" AT 357 217 —

WM_T2 217 307 217 20" 377 24 25" 277 —

CRI_T2 .05 22" .05 .05 .03 -.03 .06 12 .05 —

SES_T2 .05 20" 327 A5 .10 10 -.03 23" 15 .07 —

HLA_T2 .02 10 A1 .06 11 .07 .01 .06 13 28" 18" —

CBOOK_T2 -.09 18" AT .08 14 .06 -.03 18" AT .36 197 217 —

ABOOK_T2 .08 .09 19 .08 .03 -.04 -.09 16" .07 23" 27 12 527 —

CCR_T2 18" 27 14 257 317 257 A1 357 29" .30 15 13 317 18" —

RF_T2 327 46™ 317 327 49™ 327 26" 50" 457 227 22" AT .20 12 52" —

Note: T2 = Time 2; NI = nonverbal intelligence; MSA = morphological structural awareness; HOMO = homophone awareness; SA = syllable awareness; PA = phoneme awareness; RA = rime
awareness; TA = tone awareness; VOC = vocabulary; WM = working memory; CRI = Child reading interest; SES = family socioeconomic status; HLA = home literacy activities; CBOOK = the
number of children’s books at home; ABOOK = the number of adults’ books at home; CCR = Chinese character reading; RF = word reading fluency.

*p<0.05 **p<0.01

Significant correlations are shown in bold font.
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NILT2 MSA_T2 HOMOT2 SAT2 PAT2 RAT2 TAT2 VOCT2 WMT2 CRILT2 SEST2 HLAT2 CBOOK T2 ABOOK T2 CCR.T2 RF. T2

NI_T1 327 357 267 28" 377 25" A7 40 357 .03 15 .04 13 .06 .30 517
MSA_T1 .03 16" 13 .08 13 .03 .09 23" -01 -10 -.03 -.07 -.03 .02 -.08 12
HOMO_T1 317 28" 337 237 36" 19" .10 45" 26” .04 25" .09 227 227 217 437
SA_T1 397 36" 317 42 517 377 23" AT 377 -.07 15 .06 .06 15 437 52"
PA_T1 23" 197 23" 337 437 36" 18" 327 26 -.04 13 .08 A7 .08 19" 41
RA_T1 A7 24 197 337 45" .30™ 217 16" A7 -12 A7 .05 -.01 -11 20" 33"
TA_T1 18" 13 14 20" 45" 29™ 27 19" 29 -.02 .01 .03 .06 .01 14 31
VOC_T1 21" 29™ 23" 14 18" .08 -01 46™ .06 .07 .09 .00 .09 18" 11 36"
WM_T1 227 A7 217 217 25" 12 16" 22" 33" .06 .08 -.09 .06 10 15 .30
CRI_T1 -.04 18" 24 13 .09 -.06 .09 .09 .03 59" A2 29™ 347 20" .16 .16
PP_T1 -.05 -1 -23" .08 -.02 -.05 .004 -.06 -.10 =21 -.01 -7 -16 -21" -01 -07
SES_T1 .04 197 13 13 .08 -01 -01 24" 21" 15 T 11 25" 337 13 A7
HLA T1 13 .02 .08 .04 A1 -.02 .08 13 .06 427 .18 18" 15" 22" A1 19"
CBOOK_T1 .00 24" .06 .09 .03 .06 .05 12 A1 29" 13 .08 50" 317 15 A7
ABOOK_T1  -.03 15 .06 .05 -.05 -.14 -.04 .08 -.02 AT 19" A7 23" 53" -.01 .04
CCR_T1 29™ 38" 347 29" 38" 237 16" 517 27 26" .18 .08 217 227 53" 66™
RF_T1 30™ 317 27 28" 357 14 227 46™ .30™ 19" .20 .06 247 23" 50" 1

Note: T1=Time 1; T2 = Time 2; NI = nonverbal intelligence; MSA = morphological structural awareness; HOMO = homophone awareness; SA = syllable awareness; PA = phoneme awareness;

RA = rime awareness; TA = tone awareness; VOC = vocabulary; WM = working memory; CRI = Child reading interest; PP = psychological problem; SES = family socioeconomic status; HLA

= home literacy activities; CBOOK = the number of children’s books at home; ABOOK = the number of adults’ books at home; CCR = Chinese character reading; RF = word reading fluency.

*p < 0.05; ** p < 0.01

Significant correlations are shown in bold font.
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4.2. Analytic Plan of Structural Modeling

4.2.1. Data preparation

To increase the probability of model convergence, all the scores of the measurements were
standardized (i.e., z scores) before entering the models. In addition, the scores for phonological
awareness and morphological awareness were composite scores of relevant measures (i.e., the
score of morphological awareness was created by averaging the z scores of compounding
production task and homophone identification task, and the score of phonological awareness was
created by averaging the z scores of four phonological awareness tasks). These score
compositions increased the likelihood of model convergence and were in accordance with the
objective of this study (i.e., to examine the relationships among the larger components of reading
and word reading). The measurement models and the structural models were specified using the
lavaan package (Rosseel, 2012) in R (R Core Team, 2014). Missing data were handled with the
full information maximum likelihood method. The maximum likelihood robust (MLR) estimator,

which is robust to non-normality, was used to estimate the model parameters.

4.2.2. Concurrent models specification

Confirmatory factor analysis was first conducted to evaluate the measurement models at two
time points. Because psychological problems at Time 1 was not significantly correlated with
most of the variables in this study, including the word reading variables at the two time points, it
was removed from the psychological component at Time 1 (and it was not examined at Time 2).
Thus, the psychological component at both times was indicated by the children’s interest in
reading. The two measurement models for the two time points were composed of the same

measures, with two exceptions. First, for the ecological component at Time 1, the frequency of
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various literacy activities conducted before primary school was included. For the ecological
component at Time 2, the frequency of various literacy activities conducted currently was
included; second, in addition to the education levels and occupations that were measured at Time
1, parents’ income was added as one of the indices for family SES at Time 2. Age and nonverbal
intelligence were controlled in the models.

Moreover, to examine the direct and indirect relationships among the three components and word
reading at each time point, structural models were specified and compared using the chi-square
test of difference. A significant chi-square test of difference indicates that the model with less
degrees of freedom should be retained. On the other hand, a nonsignificant chi-square test of
difference indicates that the two models provide equal fit to the data, and the model with more

degrees of freedom should be retained for parsimony.

4.2.3. Model specification across two waves

Since the final models at the two time points shared the same paths, a series of multi-group
analysis was then conducted to examine whether the two models had significant differences.
Specifically, in each model, one path was constrained across the two waves, and this model was
compared with the fully unconstrained model (i.e., all paths were free to vary across the two
waves). The nonsignificant difference in model fitness between the constrained model and the
fully unconstrained model indicated that there was no significant difference in this path across
the two times and thus should be constrained for parsimony. On the other hand, the significant
better fit for the fully unconstrained model over the constrained one suggested that there were
differences in this specific path across waves and thus should be retained to vary across the two

times. The chi-square test of difference was used to compare the fitness of the models. The end
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of this process was to land on the models that could account for the differences for the two time
points while remaining as parsimonious as possible.

In addition, three types of longitudinal model were specified. First, to examine the early
prediction of the three components on the growth of word-reading ability, the three components
at Time 1 were structured to predict word reading at Time 2, with the control of the auto-
regressor (word reading at Time 1). Second, to examine the longitudinal effect of the ecological
component on word reading, the ecological component at Time 1 was set to predict the
psychological and the cognitive components at Time 2, which in turn contribute to the word
reading at Time 2, with the control of the auto-regressor (word reading at Time 1). Third, a
cross-lagged model was constructed to examine the bidirectional relationships between the
components and word reading, with the control of the auto-regressive effects. In this model,
family SES at Time 2 was removed from the ecological component at Time 2 for two related
reasons. First, as a distal and stable ecological variable, prior reading-related components and
children’s word reading were unlikely to influence later SES (e.g., children’s interest in reading
at Time 1 was unlikely to predict their parents’ occupations at Time 2). Thus, it was not logical
to put it at Time 2 for prediction. Second, the family SES scores at the two times were highly
correlated (r = .71, p <.001, the highest cross-time correlations among all the variables, see
Table 4), hence the inclusion of family SES at both times without the direct path between the two
would decrease the model fit and interfere with the estimations of the parameters for other
variables. Age and nonverbal intelligence were controlled in the models.

The model fit was assessed by a group of fit indices. Specifically, the nonsignificant chi-square
test, comparative fit index (CFI) values close to 0.95 or higher, root means square error of

approximation (RMSEA) values below 0.06, and standardized root mean square residual
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(SRMR) values below 0.09 are indicative of good model fit (Hu & Bentler, 1999; Kline, 2015),
although the chi-square test is very sensitive to the sample size and it should not be a cause for
overly concern if it is significant (Hu & Bentler, 1999).

The indirect effects were estimated using the monteCarloMed function (with 10000 resamples)
in the semTools package (Jorgensen et al., 2018) in R (R Core Team, 2014). This function
returns a point estimate and a confidence interval for the indirect effect base on a Monte Carlo
test of mediation (MacKinnon et al., 2004). The indirect effect would be significant if the

confidence interval did not cover zero.

4.3. Results of Structural Modeling
4.3.1. Confirmation factor analysis

At Time 1, the four-factor model showed adequate fit, y> = 75.21, df = 39, p < 0.001, CFI = .94,
SRMR = .05, RMSEA = .07. As illustrated in Figure 2, all measures loaded significantly on their
respective latent variable. The cognitive component significantly covaried with the ecological
component ( = .28, SE = .04, p < 0.05), the psychological component significantly covaried
with the ecological component (B = .43, SE = .06, p <0.001), and the three components
significantly covaried with word reading (Bs = .24 —.75, ps < .05).

For the Time 2 model, ¥* = 73.05, df = 39, p = 0.001, CFI = .90, SRMR = .06, RMSEA = .07. As
illustrated in Figure 2, all measures loaded significantly on their respective latent variable. The
psychological component significantly covaried with the ecological component ( = .41, SE

= .07, p <0.05), and the three components significantly covaried with word reading (s = .30

—.79, ps <.05).
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Psychological

Time One

t
Figure 2. Confirmatory factor analysis models for the components of reading and word reading at two
time points. Ecological = ecological component; Cognitive = cognitive component; Psychological =
psychological component. MA = morphological awareness; PA = phonological awareness; VOC =
vocabulary; WM = verbal working memory; SES = socioeconomic status; # abooks = number of books
for adults at home; #cbooks = number of books for children at home; Literacy acti = literacy activities at
home; CCR = Chinese character reading; WRF = word reading fluency; Significant relations were shown

in the solid lines, nonsignificant relations were shown in the dotted lines.
tp = 0.05; *p < 0.05; **p < 0.01; ***p < 0.001
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4.3.2. Evaluation of the structural models at two time points

Three structural models (see Figure 3) were compared and evaluated at each time point: (a) no
mediation model (i.e., each component contributed directly to word reading), (b) partial
mediation model (i.e., the ecological component contributed directly to word reading and
indirectly via the mediations of the psychological and cognitive components), and (c) complete
mediation model (i.e., the contribution of the ecological component to word reading was fully
mediated by the psychological and cognitive components).

The results of the chi-square test of difference are shown in Table 5. At both time points, there
was no significant difference between the three models under comparison (ps > .54). Thus, the
model with the effect of the ecological component fully mediated (i.e., model c) was retained at
both time points for parsimony. The final structural models (see Figure 4) at both time points

showed good fit: for the Time 1 model, y? = 70.51, df = 44, p = 0.007, CFIl = .96, SRMR = .05,



RMSEA = .06; for the Time 2 model, %> = 81.28, df = 44, p = 0.001, CFI = .91, SRMR = .06,

RMSEA = .07.

Model a

Psychological

Ecological

Word reading

Model b

Ecological Word reading

Psychological

Model ¢

Ecological

Word reading

Psychological

Figure 3. The structural models under comparison. Ecological = ecological component; Cognitive =
cognitive component; Psychological = psychological component.
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Table 5. Results of the chi-square test of difference between models.

Models df AlC BIC ¥2 Ay? Adf p
No mediation_T1 42 6079.8 6284.9 70.07 \ \ \
Partial mediation_T1 43 6078.2 6280.0 70.51 .38 1 .54
Full mediation_T1 44 6076.2 62747 7051 .008 1 .93
No mediation_T2 42 5739.4 5939.0 81.10 \ \ \
Partial mediation_T2 43 57374 59339 81.19 A3 1 12
Full mediation_T2 44 57355 5928.8 81.28 10 1 75

Note. T1 = Time 1; T2 = Time 2; AIC = Akaike information criterion; BIC = Bayesian information criterion.

For the Time 1 model, the effect of the cognitive component on word reading was significant (8
= .59, SE = .08, p < 0.001, 95% C.I. [.44, .74]) whereas the effect of the psychological
component was not (B =.10, SE =.08, p =0.21, 95% C.1. [-.06, .25]). The effect of the
ecological component on the cognitive (p = .22, SE = .10, p < 0.05, 95% C.I. [.03,.41]) and the
psychological (p = .40, SE = .08, p <0.001, 95% C.1. [.25, .56]) components were both
significant. In addition, the indirect effect of the ecological effect on word reading via the
cognitive component was significant (95% C.I. [.02, .40]), whereas its indirect effect via the
psychological component was nonsignificant (95% C.1. [-.03, .18]). In this model, the ecological
component explained 1.97% of the variance of word reading, the psychological component
explained 1.4% of the variance of word reading, while the cognitive component explained 35.6%
of the variance of word reading. In other words, a total of 38.97% the variance of word reading
was explained by the three components.

For the Time 2 model, both the cognitive component ( = .65, SE = .10, p < 0.001, 95% C.I.
[.46, .85]) and the psychological component (B = .23, SE = .10, p < 0.05, 95% C.I. [.04, .41]) had

significant contributions to word reading. The effects of the ecological component on the
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cognitive components (p = .51, SE = .13, p < 0.001, 95% C.I. [.25, .77]) and the psychological (B
=.39, SE = .10, p < 0.001, 95% C.I. [.19, .59]) were significant. In addition, the indirect effects
of the ecological effect on word reading via the cognitive component (95% C.I. [.12, .66]) and
via the psychological component (95% C.I. [.0001, .24]) were both significant. In this model, the
ecological component explained 3.3% of the variance of word reading, the psychological
component explained 9.1% of the variance of word reading, while the cognitive component
explained 36.7% of the variance of word reading. In other words, a total of 49.1% the variance of

word reading was explained by the three components.
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Psychological

Time Two

Ecological Word reading
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Figure 4. The final models at the two time points. Ecological = ecological component; Cognitive =
cognitive component; Psychological = psychological component. Significant relations are shown in the
solid lines, nonsignificant relations are shown in the dotted lines.

*p < 0.05; **p < 0.01; ***p < 0.001

4.3.3. Evaluation of the structural models across two time points

Multi-group analysis. Because the two concurrent models were composed of the same paths, a
series of multi-group analyses was conducted to examine whether there were significant
differences for the constituted paths between the two waves. First, the fully unconstrained model
across the two waves served as the baseline model. This model showed a good fit, ¥* = 150.60, df

=88, p<0.001, CFl = .94, SRMR = .05, RMSEA = .06. Then, models with one path constrained
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were compared with the baseline model. As shown in Table 6, there was only one model that
differed significantly from the baseline model, which constrained the path from the ecological
component to the cognitive component across the two waves, indicating that the path should be

set to vary.

Table 6. Model comparison results for multiple-group analysis across two time points

Paths set to be constrained across waves Ay (Adf) p value
Ecological — psychological 0.009(1) 0.92
Ecological — cognitive 6.63(1) 0.01
Psychological — word reading 0.28(1) 0.59
Cognitive — word reading 0.74(2) 0.39

Next, the model with the path from the ecological to the cognitive components set free while the
other paths were constrained was compared with the fully unconstrained model. The result
showed that the difference for the two models was nonsignificant, Ay?=1.14, Adf=3, p=.77.
Thus, this model was retained as the final model across the two waves. The model (Figure 5)
showed a good fit, ¥? = 151.93, df = 91, p < 0.001, CFI = .95, SRMR = .05, RMSEA = .06. For
the constrained paths across the two time points, the cognitive component significantly
contributed to word reading (B = .74, SE = .14, p < 0.001), the psychological component
significantly contributed to word reading (B = .11, SE = .04, p < 0.01), and the ecological
component significantly contributed to the psychological component (B = .77, SE = .18, p <
0.001). For the unconstrained path across the two time points, the ecological component
significantly contributed to the cognitive component at Time 1 (B =.23, SE =.11, p < 0.05). It
also significantly contributed to the cognitive component at Time 2 (B = .55, SE =.17, p <0.01),

but at a different significance level.
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Time One

Ecological Word reading

Psychological

Time Two

Ecological Word reading
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Figure 5. The final models across the two time points in multi-group analysis. Ecological = ecological
component; Cognitive = cognitive component; Psychological = psychological component.
*p < 0.05; **p < 0.01; ***p < 0.001

4.3.4. Components at Time 1 on the growth of character reading

This model shared a similar structure with the final models across the two time points, with the
Time 1 components of reading as the predictors and Time 2 word reading as the outcome

variable. In addition, Time 1 word reading was included as the auto-regressor, with the Time 1
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ecological, psychological and cognitive components regressed on it. The model (Figure 6)
showed a good fit, x> = 100.40, df = 61, p = 0.001, CFI = .96, SRMR = .05, RMSEA = .06. With
the Time 1 word reading included as the auto-regressor (B = .93, SE = .14, p < 0.001, 95% C.1.
[.66, 1.20]), the paths from the psychological and cognitive components at Time 1 to word
reading at Time 2 were nonsignificant, (Bs = -.17 - -.002, SEs = .09 - .18, ps > 0.34), the paths
from the ecological component to the psychological component ( = .40, SE = .08, p < 0.001,
95% C.1. [.25, .56]) and to the cognitive component (B = .22, SE = .10, p < 0.05, 95% C.I.

[.03, .41]) were both significant. The path from the cognitive component (B = .58, SE = .09, p <
0.001, 95% C.I. [.42, .75]) to Time 1 word reading was significant, whereas the paths from the
psychological component (B =.10, SE = .08, p = 0.26, 95% C.I. [-.07, .26]) and the ecological
component (B = -.005, SE = .10, p =0.96, 95% C.I. [-.19, .19]) to Time 1 word reading were
nonsignificant.

In addition, the indirect effect of the Time 1 ecological component on Time 2 word reading via
the Time 1 cognitive component and Time 1 word reading was significant (95% C.1. [.01, .28]),
as well as the indirect effect of the Time 1 cognitive component on Time 2 word reading via

Time 1 word reading (95% C.I. [.25, .93]).
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Figure 6. Components at Time 1 on the growth of character reading. Ecological = ecological component;
Cognitive = cognitive component; Psychological = psychological component. The numerals 1 and 2 after
variables represent time points one and two, respectively. Significant relations are shown in the solid
lines, nonsignificant relations are shown in the dotted lines.

*p < 0.05; ***p < 0.001

4.3.5. Longitudinal effect of the ecological component on word reading

This model shared a similar structure with the previous one, except that the cognitive and
psychological components were from Time 2, and both were predicted by Time 1 word reading
(i.e., auto-regressor). The model (Figure 7) showed a good fit, ¥* = 99.75, df = 61, p = 0.001, CFI
=.96, SRMR = .05, RMSEA =.06. Both Time 1 word reading ( = .62, SE = .10, p < 0.001,
95% C.1. [.43, .80]) and the Time 2 cognitive component ( = .38, SE = .11, p <0.01, 95% C.I.
[.17, .59]) significantly contributed to Time 2 word reading, whereas the contribution of the
Time 2 psychological component was nonsignificant (8 = .13, SE =.08, p = 0.09, 95% C.I.

[-.03, .28]). Moreover, the Time 2 psychological component was significantly contributed to by
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the Time 1 ecological component (f = .34, SE = .08, p < 0.001, 95% C.I. [.18, .50]) and Time 1
word reading (p = .20, SE = .09, p < 0.05, 95% C.I. [.03, .37]). The Time 2 cognitive component
was significantly contributed to by Time 1 word reading (B = .45, SE = .11, p <0.001, 95% C.I.
[.24, .67]) but not the Time 1 ecological component ( = .08, SE = .13, p =0.59, 95% C.I.

[-.18, .33]). In addition, the longitudinal indirect effects of the ecological component were all
nonsignificant, while the indirect effect of Time 1 word reading on Time 2 word reading via the

Time 2 cognitive component was significant (95% C.I. [.03, .23]).

Psychological
2

Word reading
2

Ecological
1

Word reading
1

Figure 7. Longitudinal effect of the ecological component on word reading. Ecological = ecological
component; Cognitive = cognitive component; Psychological = psychological component. The numerals
1 and 2 after variables represent time points one and two, respectively. Significant relations are shown in
the solid lines, nonsignificant relations are shown in the dotted lines.

*p < 0.05; **p < 0.01; ***p < 0.001

4.3.6. Bidirectional relationships between the components and word reading

A cross-lagged model with all three components and word reading at the two time points was

constructed. Concurrent variables were set to correlate with each other. The model showed an
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acceptable fit, * = 312.34, df = 169, p < 0.001, CFI = .90, SRMR = .06, RMSEA = .07. In this
model (Figure 8), all the auto-regressive paths were significant (Bs = .50 - .90, ps < 0.01).
Moreover, the Time 1 ecological component marginally predicted the Time 2 psychological
component (B = .15, SE = .08, p <0.08, 95% C.I. [-.03, .31]), and Time 1 word reading

significantly predicted the Time 2 psychological component (B = .30, SE = .11, p <0.01, 95%

C.1. [.10, .51]).
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Figure 8. The cross-lagged model for the two time points. Ecological = ecological component; Cognitive
= cognitive component; Psychological = psychological component. Nonsignificant paths were removed
for simplicity.

Tp <0.08; **p < 0.01; ***p < 0.001
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Chapter 5: Discussion

This longitudinal study examined the relationships between the factors from the cognitive,
psychological, ecological domains, and word reading in Chinese primary school children from
grades one to three. This study is among the first to incorporate the factors from multiple
domains and examine the relationships between the components and word reading in Chinese
children using the theoretical framework of the Componential Model of Reading (CMR). The
main findings of this study are: 1) at both time points, the factors for each component (i.e.,
cognitive, psychological, ecological) significantly loaded onto the respective component, and
each component was significantly correlated with word reading (except the ecological
component and word reading at Time 2; 2) at both time points, the cognitive and the
psychological components directly contributed to word reading, while the ecological component
only contributed indirectly to word reading via the mediations of the other two components; 3)
when comparing the models at the two time points, only the path from the ecological component
to the cognitive component showed a significant difference. Specifically, the strength of the path
was significantly higher at the second time; 4) the cognitive component at Time 1 contributed to
word reading at Time 2 via the mediation of word reading at Time 1; 5) the longitudinal indirect
effects of the ecological component were nonsignificant; 6) the Time 1 ecological component
and word reading were found to predict the Time 2 psychological component in the cross-lagged

model. These findings are discussed in detail in the following sections.

5.1. The validation of CMR in Chinese lower-grade students

CMR provided a theoretical framework for this study to examine the relationships between

factors from multiple domains and reading ability comprehensively. Unlike other reading models
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(e.g., the Simple View of Reading; Gough & Tunmer, 1986), CMR has incorporated factors from
more domains (ecological, psychological), which increases the probability of locating the cause
of reading difficulties in children (Aaron et al., 2008), and allowed the examinations of the
interactions between factors from multiple domains and reading ability that were conducted in
this study. In previous studies, CMR was mainly adopted for research on children learning to
read alphabetic languages (e.g., Aaron et al., 2008; Kieffer & Vukovic, 2012; Ortiz et al., 2012).
Only one previous study (Joshi et al., 2012) included children from China, in which character
decoding and listening comprehension combined were found to account for 25% and 42% of the
variance in reading comprehension for grade two and grade four Chinese primary students,
respectively. However, only the cognitive component (i.e., decoding and listening
comprehension) was included in that study (Joshi et al., 2012), so the complete CMR framework
had not been examined in the Chinese context prior to the current study.

Because the Chinese writing system is a lot different (e.g., visually complex characters, opaque
orthography) from alphabetic languages such as English and Spanish (McBride, 2016a), the
examination of CMR in Chinese society provides a stringent test for the universality of the
theory. Moreover, insights about reading development in different languages can be gained by
comparing the results found in the Chinese society with the results found in other societies. For
example, by comparing the results for children who are learning to read different languages
(English, Spanish, Chinese), Joshi et al. (2012) suggested that the level of transparency of the
language may influence the contribution of decoding and listening comprehension on reading
comprehension. Similar implications about reading development may also be drawn from the

cross-language/society results in the ecological and psychological domains. Thus, one of the
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aims for this study was to validate the complete CMR framework in Chinese society. This

validation is discussed in the following section.

5.1.1. The adaptation of CMR in Chinese children: word reading as the outcome

The original CMR model (Aaron et al., 2008) specified two factors for the cognitive domain:
word recognition and comprehension, which were derived from the Simple View of Reading
(SVR) (Gough & Tunmer, 1986). In the two original models (CMR and SVR), reading
comprehension was the reading outcome. Because both models were initially developed for
children learning to read English (Aaron et al., 2008; Gough & Tunmer, 1986), the reading
outcome and corresponding cognitive factors may not have been applicable to the participants in
this study, that is, early readers in Chinese.

In this study, word reading was selected as the reading outcome based on the reading ability of
the participants (i.e., lower grade students). The significant factor loadings of word reading
accuracy and word reading fluency on the latent variable of word reading in the measurement
models of this study showed that word reading was measured aptly by these two indicators.
When comparing the two time points, the latent variable of word reading was similarly and
accurately measured by word reading accuracy and word reading fluency at Time 1 (Bs = .91

to .96), whereas at Time 2, the word-reading fluency (B = .88) appeared to be the more sensitive
measure of word reading compared to word-reading accuracy (B = .59). This is aligned with the
findings of a longitudinal study by Yeung et al. (2016), where the Chinese children were also
measured in grades one and three. Their results showed that in grade one, both word reading and
reading fluency contributed to reading comprehension, whereas in grade three, only reading
fluency contributed to it. These researchers suggested that, as the children in grade three had

generally acquired a high level of reading accuracy, their reading fluency became more
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important in reading comprehension (Yeung et al., 2016). Thus, it may be that as the grade
increases, word reading fluency becomes the more sensitive indicator of word reading in Chinese
children.

In addition, in this study, all components were significantly covaried with word reading in the
measurement models, with the highest covariance found with the cognitive component (Bs = .75
to .79), and lower covariance with the psychological and ecological components (s = .24

to .42). This distribution of correlations is similar to the results found in bilingual children
learning to read English, which used reading comprehension as the outcome (L.i et al., 2020).
This result suggested that the three components have similar influences on word reading and

reading comprehension.

5.1.2. The adaptation of CMR in Chinese children: cognitive factors

In the original CMR model (Aaron et al., 2008), word decoding and listening comprehension
were included as the cognitive factors. However, because the reading outcome was changed to
word reading in this study, the cognitive factors were also revised accordingly. In this study,
morphological awareness (MA), phonological awareness (PA), vocabulary, and working
memory were included in the cognitive component.

The results of confirmation factor analysis at the two time points showed that the three language-
related skills and knowledge (MA, PA, vocabulary) were representative of the cognitive
component (Bs = .57 to .74). Specifically, MA had the highest factor loadings (Bs = .71 to .74) at
both time points, indicating that this was the central cognitive factor in this group of Chinese
lower grade students. This result is consistent with previous studies (e.g., Dulay et al., 2021,

McBride-Chang et al., 2003; Tong et al., 2017). As an opaque writing system with inconsistent
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phonological rules, the ability to recognize, differentiate and manipulate morphemes helps
children to learn new words (e.g., Dulay et al., 2021; Liu et al., 2013).

In comparison, the factor loading of working memory on the cognitive component was lower (Bs
= .44 10 .48) in this study. This result suggests that working memory may be a distal factor
(compared to language-related skills and knowledge) in the cognitive domain, and its effect on
word reading was mediated by the more proximal factors (e.g., PA). In supporting this view, Das
et al. (2008) found that the proximal factors (PA, rapid naming), but not the distal cognitive
skills (planning, attention, successive and simultaneous processing), uniquely predicted word
reading in grade three and four students from Canada. However, one distal cognitive skill (i.e.,
planning) in their study was found to have an indirect effect on word reading through the
mediation of PA and rapid naming (Das et al., 2008). Similarly, Yang et al. (2019) did not find a
unique contribution of basic cognitive variables on character reading in Chinese first graders,
although they did find an indirect effect on character reading via language processing skills (PA,

MA, orthographic awareness, rapid naming).

5.1.3. The adaptation of CMR in Chinese children: ecological factors

Four important factors at the family level were chosen to be included in the ecological
component in this study, that is, the number of books for children at home, the number of books
for adults at home, the literacy activities at home, and family SES.

The numbers of the books and literacy activities at home belong to the larger construct of home
literacy environment, and family SES was viewed as the distal ecological factor that have
impacts on a variety of children’s outcomes (e.g., physical, social, academic), all of which were
found to be related to children’s reading development in previous studies (e.g., Bradley &

Corwyn, 2002; Burgess et al., 2002; Liu et al., 2018; Puglisi et al., 2017). The result of the
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confirmatory factor analysis in this study showed that all four factors significantly regressed on
the latent variable of the ecological component. Moreover, the factor loadings of the four factors
at the two time points provided three clues about the compositions of the ecological component
at the family level.

First, at both time points of this study, the factor loading of the number of books for adults at
home was the largest of the four factors. Its prominence in children’s reading development was
also discovered in previous studies. For example, the number of books at home was found to be a
universal predictor of the schooling years eventually spent by the children, as those growing up
in homes with many books were found to have three more schooling years than those from
homes with few books (Evans et al., 2010). The Evans et al. study found this home library effect
in 27 countries, with the strongest being in China (Evans et al., 2010). Similarly, van Bergen et
al. (2017) found in the Netherlands that, after controlling the parents’ own reading abilities, the
number of books at home was the only predictor of children’s reading ability, with literacy
activities at home not emerging as a predictor. Nevertheless, the number of books at home was
not only related to the frequency of literacy activities at home, but also represented how much
the families valued the reading activities, both of which could have contributed to the children’s
reading development (van Bergen et al., 2017). Thus, the results from this study confirm the
suggestion of earlier research that having books at home is conducive to children’s reading
development.

Second, literacy activities at home had a smaller factor loading on the ecological component in
this study, suggesting that these activities were not central to the ecological component. This
result also corresponds with previous studies. For example, the correlations between literacy

activities and the children’s reading ability were found to be mostly nonsignificant in two
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previous studies that examined Chinese children (Deng et al., 2015; Liu et al., 2018). This small
factor loading of literacy activities may be explained by two reasons. First, when children enter
primary school, the relationship between parents’ literacy activities and the children’s reading
abilities may become more complex. On the one hand, literacy activities at home can facilitate
children’s reading ability. On the other hand, the parents whose children are lagging in reading
attainment at school may provide extra literacy activities at home, so that the relationship
becomes negative. This negative relationship was indeed found in the study by Deng et al.
(2015), in which reading ability in grade one negatively predicted informal literacy activities
(e.g., shared reading) at home one year later. The mix of the facilitative effect of literacy
activities and the responsive literacy activities when children are performing poorly at school
may reduce the overall strength of the relationship between literacy activities and reading ability
in primary school children. Second, the questions about the frequency of literacy activities at
home may have induced a sense of social desirability, so that the answers to these questions
reflected the parents’ intentions (to conduct frequent activities) rather than their actual behaviors,
which in turn could have reduced its predictive ability on the children’s reading outcomes. In
comparison, the question about the number of books at home may be less corroded by the social
desirability effect since the answer to this question is more tangible.

Third, in this study, the number of books for children had the second largest loading (f = .62) on
the ecological component at Time 1, but its loading (B = .37) on the component was greatly
reduced at Time 2. The decrease in the factor loading suggests that the importance of children’
books to their reading development is decreased as they move further into formal schooling. In a
previous study, the number books the children had at home when they were in kindergarten was

found to predict their emergent literacy skills (e.g., vocabulary, PA), which in turn contributed to
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their word reading in grade one, presumably because having more books invites more literacy
interactions between parents and children, and the interactions improve children’s literacy skills
(Zhang et al., 2019). However, as children enter primary school, most of the literacy instruction
is transferred from home to school, and from informal to formal, so that the factors (e.g.,
teachers, textbooks, homework) in the school environment may become more important to their
reading development, and the number of children’s books as the proxy of informal literacy
instruction at home thus becomes less important.

To summarize, the results of this study suggest that as a proxy of the family’s valuing of reading
activities, the number of books for adults at home are central to the latent variable of the
ecological component in Chinese lower grade students, while the literacy activities at home are
less important to the ecological component, which may be due to the combinations of the social
desirability effect, the increased impact of formal schooling, as well as the different patterns of
the relationship between literacy activities and the children’s reading ability (facilitative,
responsive). More studies are needed to determine the importance of the ecological factors to

reading development in lower grade students from China.

5.1.4. The adaptation of CMR in Chinese children: psychological factors

In this study, general psychological problems and reading interest were selected as the two
factors for the psychological component. This choice was informed by literature suggesting that
general psychological problems (e.g., anxiety, defiance) may affect lower graders’ adaptation to
the school environment, such as the interactions with teachers and classmates, which in turn
could affect their academic achievement (e.g., Kwok et al., 2007; Spira et al., 2005; Zhang et al.,

2018). Interest in reading was found to predict parents’ literacy activities in early readers
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(Boerma et al., 2018; Pezoa et al., 2019), which in turn may also facilitate their reading
development.

The result of this study showed that the measure of the general psychological problems was not
significantly correlated with most of the other measures (including the reading outcomes). There
are two possible reasons for this result. First, most of the items in the psychological problems
scale referred to the children’s psychological problems in general situations (e.g., he/she does not
like to follow the rules, he/she is rude to adults), rather than in the learning context, which may
limit its influence on academic achievement (Zhang et al., 2018). A similar result was found in
the study by Zhang et al. (2018), in which the children’s problem behaviors (e.g., bullying) did
not predict the initial level or the growth rate of reading ability in Chinese early readers.

Second, the psychological problems measure (i.e., Conners’ Parent Rating Scale-Revised) was
originally used to identify children with psychological problems (Gianarris et al., 2001), so it is
sensitive in differentiating those with general psychological problems from typically developing
children, but may be less adequate when accounting for psychological problems in typically
developing children such as the participants in this study.

Because the general psychological problems scores were not significantly correlated with most
of the variables at Time 1, and the data collection process at Time 2 was shortened due to the
COVID-19 pandemic, the scale was not used at Time 2. As a result, the psychological
component in this study consisted only of reading interest. The confirmation factor analysis in
this study showed that, at both times, the psychological component was significantly covaried
with word reading, which was in accordance with the findings of previous studies (e.g., Baroody

& Diamond, 2012; Bracken & Fischel, 2008; Guthrie et al., 1999).
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In the CMR model it is envisaged that all three components are important to literacy
development, and “a child can fail to acquire satisfactory levels of literacy skills because of
deficits in any component in any one of these three domains” (Aaron et al., 2008, p. 69). This
was supported by the significant covariances between the three components and word reading in
this study. Specifically, all the components were significantly covaried with word reading at both
times. In other words, the result of confirmation factor analysis showed that CMR is valid in

Chinese lower grade students with the adaption of using word reading as the reading outcome.

5.2. The concurrent effects of components on word reading

The two concurrent models (Figure 4) in this study showed that: 1) of the three components, the
cognitive one had the largest contribution to word reading; 2) the contribution of the
psychological component to word reading changed from nonsignificant to significant from Time
1 to Time 2; and 3) the cognitive and psychological components has direct contributions to word
reading, whereas the contribution of the ecological component was indirect (through the
mediations of the other two components).

First, at both times, the cognitive component had the largest contributions (Bs = .59 - .65, ps
<.001) to word reading. It explained 35.6% and 36.7% of the variance for word reading at Time
1 and Time 2, respectively. For reference, the three components in total explained 38.97% and
49.1% of the variance for word reading at Time 1 and Time 2, respectively. This large
contribution of the cognitive component was in accordance with previous studies that included
factors from all three domains (Li et al., 2020; Ortiz et al., 2012; but see Chiu et al., 2012 for a
different result). For studies that only incorporated cognitive factors, the large contribution of the
cognitive component was also evident (e.g., Hgien-Tengesdal & Hgien, 2012; Joshi et al., 2012;

Kim, 2017). One extreme example was a study by Kim (2017), which found that the latent
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variables of word reading and listening comprehension explained all the variance in reading
comprehension in grade two students from the United States.

The large contribution of the cognitive component may be explained by its proximal role in
reading development. Compared to the psychological and ecological components, the cognitive
component is linked more directly to children’s reading behavior (Tunmer & Chapman, 2012).
Moreover, other components may exert influence on reading indirectly through the cognitive
component, which increases the relationship between the cognitive component and reading. For
example, the ecological component was found to contribute to reading outcome through the
mediation of the cognitive component (Li et al., 2020). This result was also observed in this
study, as will be discussed in the paragraph after the next one.

Second, the contribution of the psychological component to word reading changed from
nonsignificant to significant from Time 1 to Time 2. Its explained variance for word reading was
increased from 1.4% at Time 1 to 9.1% at Time 2. This may have been caused by the
strengthened relationships between the psychological factor and reading-related behaviors as the
children received more formal schooling. The characters that the children had learned in the first
two grades (about 1800 characters) could have substantiated the relationship between reading
interest and reading behaviors, which in turn improved their reading ability. For example, Becker
et al. (2010) found that the relationship between intrinsic reading motivation (with items similar
to the reading-interest measure in this study) and reading ability was mediated by the reading
amount in higher grade students from Germany. Because the children in this study had only
begun to read in grade one, the mediator (i.e., reading amount) may not have been strong enough

to support the relationship. The children’s reading behavior was not examined in this study, but
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future studies could investigate its potential mediation role in the relationship between reading
interest and reading ability in Chinese lower graders.

Third, this study found that the ecological component only contributed indirectly to word reading
through the mediation of the other two components (i.e., cognitive and psychological). The
indirect effect of the ecological component was in line with the findings of a study by Li et al.
(2020), the indirect effect of the ecological component via the cognitive and psychological
components in higher grade students (Chinese-English bilingual) from Canada. The mediations
of the cognitive factors on the effect of ecological factors have also been observed in earlier
studies of Chinese children. For example, morphological awareness and vocabulary were found
to mediate the effect of family SES on reading comprehension in Chinese grade one students
(Cheng & Wu, 2017). Similarly, emergent literacy skills (e.g., syllable awareness, rapid naming)
were found to mediate the effects of family SES and home literacy environment variables (e.qg.,
literacy instructions at home) on word reading in grade one students from China (Zhang et al.,
2019).

On the other hand, the mediation of the psychological component on the effect of the ecological
component has been examined less in Chinese children. However, this indirect path has both
theoretical and empirical foundations. According to Bronfenbrenner’s (1986) Ecological Systems
Theory, the family as a proximal environmental factor can have an all-round influence on
children’s development, including their cognitive and psychological factors. For example, as was
found in this study, parents who provide richer literacy environments may foster not only
children’s cognitive abilities but also their interest in reading. This was also found in Canadian

children, specifically, that children who have more storybook exposure in kindergarten are more
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likely to read for pleasure when they are in grade four (Sénéchal, 2006). A similar result was
found in early readers from Finland (Silinskas et al., 2020).

The variance of word reading explained by the three components in total was 38.97% at Time 1
and 49.1% at Time 2. The two percentages were comparable to a previous study on Chinese
primary school children. Joshi et al. (2012) found that character recognition and listening
comprehension explained 25% and 42% of the variance in reading comprehension for Chinese
grade 2 and grade 4 students respectively. In contrast, the study found that decoding and
listening comprehension explained about 60% and 50% of the variance in reading
comprehension for Spanish and English participants respectively (Joshi et al., 2012). More

factors may be considered in explaining the reading ability of Chinese children.

5.3. The relationship between three components and word reading across times

The longitudinal design of this study allowed a comparison of models and an investigation of
longitudinal relationships between the two time points. In the sections below, the model
comparison between the two time points, the prediction of the early components of word-reading
growth, and the bidirectional relationships between the components and word reading at the two

time points are discussed.

5.3.1. The comparison of the models between the two time points

Because the structure of the models at the two time points was the same, an examination was
conducted in this study of whether the paths in the two models differed significantly. The results
showed that none of the paths at the two time points had significant differences, except the path

from the ecological component to the cognitive component. Specifically, although this path was
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significant at both times, its strength was significantly larger at Time 2 (3 = .23, SE=.11,p <
0.05at Time 1, p =.55, SE =.17, p <0.01 at Time 2).

The increased strength of the relationship of the ecological factors and the cognitive skills with
development was also found in previous studies. For example, no relationships were found in
early readers (3 to 5 years old, from the Philippines) between HLE and literacy skills , except for
the relationship between literacy resources and vocabulary (Dulay et al., 2018). However, when
the same cohort was 5 to 8 years old, significant relationships between literacy activities and
children’s emergent literacy skills (PA, vocabulary) were found (Dulay et al., 2019). This
increased path from the ecological to the cognitive factors may be attributed to two reasons.
First, the cognitive abilities at Time 1 (i.e., grade one) may be underdeveloped, which could
reduce the effect of the ecological component. This is evident from the lower means and standard
deviations of the scores in the cognitive measures at the first time point than at the second one.
Second, as the experiences of home literacy activities accumulate with development, the parents’
activities may become more effective in improving the children’s literacy skills. In other words,
the parents may be better able to conduct effective literacy activities at home, and the children
may also be more receptive to the instructions, which could facilitate the relationships between
the literacy activities and the children’s literacy skills (e.g., vocabulary). Moreover, as the
children move further into the formal schooling, the literacy activities and resources at home
may become more structured and goal-oriented, which could also strengthen the relationship
between HLE and literacy skills. For example, as the grade increases, the role of the literacy
activities at home may transform from leading the children’s literacy development to supporting
formal literacy education (e.g., supervising reading homework), which may be more effective in

improving children’s literacy skills. Also, Deng et al., 2015 reported that as school providing
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constant feedback on children’s reading abilities (e.g., the scores for homework, parent-teacher
meetings), parents can offer targeted literacy activities for the improvement of children’s
reading-related abilities. For instance, after children fail on the Pinyin knowledge in an exam,
their parents may teach the related knowledge more often at home.

Generally speaking, though, the final models at the two times were shown to be consistent in this
study. In both models, the ecological component contributed to the cognitive and psychological
components, and the cognitive and psychological components contributed to word reading.
These results suggest that the relationships between the three components and word reading are
stable in lower grades.

According to the stages of reading development described by Chall (1983), children in the lower
grades are at the “learning to read” stage, with the major task of learning to read common words.
Similarly, the lower grades are also categorized as one learning stage of the Chinese course
curriculum in China, with the main task of learning to read common characters and words
(Ministry of Education of the People’s Republic of China, 2011). In other words, the lower
grades are considered as being one particular stage by both the reading development theory and
the course curriculum in China, and this may be the reason for the stable relationships between

the components and word reading.

5.3.2. The predictions of early components on the growth of word reading

To examine whether the early components predicted the growth of word reading, two models
(Figures 6 and 7) were constructed and analyzed in this study. First, the three components at
Time 1 were set to predict the word reading at Time 2, with Time 1 word reading included as the
auto-regressor. When the auto-regressor was included, the early components did not contribute to

the word reading at Time 2. However, the longitudinal indirect path from the Time 1 ecological
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component to Time 2 word reading via the Time 1 cognitive component and Time 1 word
reading was found to be significant.

Second, to examine the longitudinal indirect effect of the ecological component on the growth of
word reading, the Time 1 ecological component was set to predict the Time 2 cognitive and
psychological components, which in turn contributed to word reading at Time 2, with Time 1
word reading included as the auto-regressor. The longitudinal indirect effect of the ecological
component on word reading was found to be nonsignificant, however, the longitudinal indirect
effect of Time 1 word reading on Time 2 word reading via the Time 2 cognitive component was
significant.

The results for the two models indicated that the effects of the components may be time limited.
Similar findings were found in previous studies. For example, a longitudinal study by Wagner et
al. (1997) tracked English-speaking children from kindergarten to grade four and found that their
word-reading ability continued to be more stable with progressive grade levels. Specifically, the
effects of early phonological and vocabulary variables on later word reading diminished into
non-significance while the effect of early word reading (i.e., auto-regressor) became the major
predictor (Wagner et al., 1997). The stable word reading ability has also been evident in the high
auto-correlations (i.e., the correlations between the same variable across times) of Chinese
children’s word reading-ability in Chinese children. For instance, a longitudinal study by Pan et
al. (2011) showed that the auto-correlations of word-reading ability were from .76 to .88. in the
lower grade period (from grade one to three). In this study, the auto-correlations for word
reading between the two time points were .53 to .71. These relatively lower correlations may

have been caused by the extended holiday and the online schooling before the data collection at
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Time 2 due to the COVID-19 pandemic, which may have enlarged the variances of the reading
scores.

Wagner et al. (1997) suggested that the time-limit effects (i.e., early factors did not exert
influence on later reading when the auto-regressor was included) can be viewed the effects of the
factors (e.g., vocabulary) being encapsulated in the individual level of concurrent word reading
ability. This view was in accordance with the two significant longitudinal indirect effects found
in this study. The first longitudinal indirect path (from Time 1 ecological component to Time 2
word reading via Time 1 cognitive component and Time 1 word reading) indicated that the
effects of early components (ecological and cognitive components at Time 1) were first
channeled through the concurrent word reading, which in turn contributed to later word reading.
The second indirect path (from Time 1 word reading to Time 2 word reading via the Time 2
cognitive component) indicated that the early word reading contributed to the later cognitive
component, which in turn contributed to concurrent word reading.

To summarize, the longitudinal models in this study showed that early ecological and cognitive
components contributed to concurrent word reading, which in turn contributed to later word

reading both directly and indirectly via the cognitive component.

5.3.3. Bidirectional relationships between the components and word reading

To examine the bidirectional relationships between the components and word reading, a cross-
lagged model was constructed for the two time points in this study. The results (Figure 8)
showed that, in addition to the auto-regressive paths, which were all significant, two cross-lagged
paths were found to be significant. The first one was from the Time 1 ecological component to
the Time 2 psychological component, and the second one was from the Time 1 word reading to

the Time 2 psychological component.
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The prediction of the early ecological component on the later psychological factor (i.e., reading
interest) was consistent with previous studies. For example, Senechal (2006) found that the
literacy activities (e.g., shared reading of the storybooks) in kindergarten predicted the frequency
of reading for pleasure in French-speaking children from Canada when they were in grade four.
A similar result was also found in English-speaking children from the United States (Weigel et
al., 2006). This result suggested that the literacy activities and resources provided by the parents
fostered the children’s interest in reading.

Previous studies have also found that early reading interest predicted later literacy activities (e.g.,
Pezoa et al., 2019), however, this path was not found in this study. The nonsignificant path from
reading interest to the ecological component in this study may be explained by two causes. First,
as children begin formal schooling, the literacy activities provided by Chinese parents may be
less related to the children’s reading interests, but more related to their reading performances at
school. As mentioned above, Deng et al. (2015) found that the word reading ability in grade one
negatively predicted the literacy activities offered by the parents in grade two. These researchers
suggested that Chinese parents conducted more literacy activities at home when they perceived
their children to be lagging in reading at school (Deng et al., 2015). In comparison, a study of
kindergarten children from Chile found a path from early reading interest to later literacy
activities (Pezoa et al., 2019), so the parents did not need at this stage to respond to their
children’s reading performances but only their reading interests, which may have been conducive
to the emergence of the path.

Second, at the second time point, the children in this study were in grade three. According to the
Chinese course curriculum in China, children in grade three should be able to read about two-

thousand characters (Ministry of Education of the People’s Republic of China, 2011), which
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allows them to read most children’s books n independently (for unfamiliar words, they can use a
dictionary, which is also introduced in lower grades). Thus, there may be less need for literacy
activities to be provided by parents (e.g., shared reading) (Boerma et al., 2018; Hill & Taylor,
2004).

In addition, a cross-lagged path from early word reading to later reading interest was found in
this study. Similar results have been found in previous studies. For example, using the cross-
lagged panel modeling design, McElvany et al. (2008) found that reading comprehension in
grade three predicted intrinsic motivation in grade four in children from Germany. Therefore, it
seems that the more proficient children are in reading, the more they are interested in the activity.
In contrast, the cross-lagged path from early reading interest to later word reading was not
significant in this study. As the early time point was grade one in this study, the children’s
interest in reading at grade one may not have transferred into word reading later due to their
limited reading ability at that time. McElvany et al. (2008)found with German children that the
effect of intrinsic reading motivation in grade three on reading comprehension in grade six was
mediated by the amount of reading they had done. Future studies may add the measure of
reading amount and examine the relationship in higher grade students in China.

In contrast to the hypothesized bidirectional relationships between word reading and the three
components, no significant bidirectional relationship was found in this study. The three
components at Time 1 did not contribute to word reading at Time 2. As discussed in the above
section, this result may be due to the time-limit effect of the components. Specifically, the effects
of the early components were encapsulated in the concurrent word reading ability, which in turn

contributed to later word reading ability (Wagner et al., 1997).
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In a previous study, word reading in grade one was found to negatively predict Chinese
children’s literacy activities in grade two (Deng et al., 2015). In this study, however, early word
reading did not contribute to later ecological or cognitive components. It should be noted that the
previous study only found the negative path from early word reading to later informal literacy
activities (e.g., shared reading) but not to later formal literacy activities (e.g., teaching children to
read characters) (Deng et al., 2015). Thus, it is possible that, by combining both formal and
informal literacy activities and literacy resources at home, the path from early word reading to
later HLE became nonsignificant in this study. Moreover, the strong auto-regressive effects of
ecological and cognitive components (s = .62 - .75, p < 0.01) may also have limited the cross-

lagged effects from word reading to the two components.

5.4. Theoretical and Educational Implications

By incorporating factors from multiple domains and examining both the concurrent and
longitudinal relationships between the components and word reading under the framework of
CMR in a group of Chinese lower grade students, this study has provided several theoretical and

educational implications, as discussed in the following sections.

5.4.1. Theoretical implications of this study

There are several theoretical implications of the present study. First, the study extended the CMR
model on multiple fronts. To our knowledge, this study is the first one to examine all three
components of CMR in Chinese children. One previous study (Joshi et al., 2012) applied CMR
with Chinese children, but only examined the cognitive component and its effect on their
reading. The full application of CMR with Chinese children in this study has extended the

validity of the model. Moreover, whereas previous studies utilizing the model have only
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examined the effects of the components on reading ability (e.g., Joshi et al., 2012; Kieffer &
Vukovic, 2012; Li et al., 2020), this study investigated the bidirectional relationships between
the components and word reading, using a longitudinal design. For example, in this study, word
reading and the ecological component in grade one were found to contribute to the psychological
component in grade three. This investigation introduced a new dimension to the model, and
ultimately brought a more dynamic understanding of literacy development in relation to learning
to read Chinese. In addition, word reading, rather than reading comprehension, was selected as
the reading outcome in this study after considering the ages of the participants and the language
characteristics. The results of this study showed that word reading and the corresponding
cognitive factors (e.g., vocabulary, PA, MA) can be incorporated into the CMR model, and thus
that the use of the model can be extended to early readers who are not yet capable of reading at
the passage level.

As a broadly defined theoretical framework, CMR may be refined in structure and composition.
Structurally, in addition to the relationship between components and reading abilities, future
studies may attend to the inner structures of each component. For example, within the cognitive
domain, domain-general abilities (e.g., working memory) may exert influence on domain-
specific abilities (e.g., MA). Similar relationships exist in the ecological component (e.g., family
SES influence home literacy environment), the psychological component (e.g., general
psychological state influence reading attitude), and reading abilities (e.g., word reading
contributes to reading comprehension). In other words, future studies could build models that
include structures both within and between components and reading outcomes. In this study,
however, the inner structure was not considered due to the small sample size relative to the

number of the factors included.
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The composition of each component in CMR may be considered in two aspects in future studies.
First, the factors included in each component may be different across languages and countries.
For example, phonological awareness maybe more important in alphabetic languages due to the
richness and the regularity of the phonological cues (e.g., recurring spelling cues), while
morphological awareness is more important in learning to read Chinese (McBride, 2016a). For
the ecological factors, the neighborhood security may be important for countries that have
prevalent criminal problems (Little et al., 2019), while family SES may be less important for
egalitarian societies and countries with heavily state-funded and/or state-regulated school
systems.

Second, the method of composing a group of factors into the respective component may also be
explored in future studies. In this study, | used the more recognized (by the researchers in the
psychology field) reflective model to group the factors. In the reflective model, the casual path
flows from the latent variable (i.e., components) to the indicators (i.e., factors), so that the
manipulation of the latent variable would cause a change in the indicators but not vice versa. In
addition, the reflective measurement approach focuses on maximizing the overlap between
indicators that are interchangeable.

In contrast, the formative structure posits a composite variable (i.e., components) that
encapsulates the common variation in a group of indicators (i.e., factors). The causal path in the
reflective model flows from the indicators to the composite variable. Unlike the reflective
measurement, the formative measurement approach focused on minimizes the overlap between
indicators that are complementary. With the development of statistical method and software,

future studies may utilize the formative model when composing the factors into components.
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Furthermore, the findings of this study suggest a new way of examining the relationships
between the influencing factors and reading outcomes. By aggregating the factors within one
domain into a large component, a higher-level investigation of the relationships between the
large components and reading can be conducted. Specifically, the results of the confirmatory
factor analysis suggest a higher-level construct (i.e., component) for the factors in each domain.
For example, MA, PA, vocabulary, and working memory can be aggregated into the cognitive
component, and family SES and factors of HLE can be aggregated into the ecological
component. The relationships between the two components and word reading can then be
examined in the structural equation model. This investigation has provided a broad
developmental picture of reading development, which allows researchers to compare the
importance of the components and the sources of reading difficulties.

Moreover, the examination of the relationships between the components and the reading
outcomes (i.e., the macro relationships) has provided a new theoretical perspective. Previous
studies focused mainly on uncovering the detailed mechanisms between the factors and word
reading within one domain (e.g., the mechanism of the relationship between MA and word
reading), which | have tentatively named the examinations of the micro relationships. However,
reading development may include not only the mechanisms at the micro level but also those at
the macro level. For example, both family SES and HLE have been found to exert wide
influences on children’s cognitive and language-related abilities (e.g., Bradley & Corwyn, 2002;
O’Brien et al., 2020). The two ecological factors were also found to be linked in previous
studies, with HLE serving as a conduit for family SES to influence reading development (e.g.,
Liu et al., 2018), or as two correlated ecological factors that both contribute to the reading

outcome (e.g., O’Brien et al., 2020). Thus, in addition to the specific relationships between the
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individual factors and reading ability, the factors from the same domain may exert global effects
on the factors from another domain and the reading outcomes. Indeed, these macro relationships
between the components and the reading outcome were found in this study; future studies may
attend to both the micro and the macro relationships between the factors and the reading
outcomes.

The strong time-limit effects in this study (i.e., the early components did not predict later word
reading when the auto-regressor was included) indicate that the predictive effects of the factors
on the growth of word reading were limited in the early grades of Chinese primary school
children. Researchers may need to search for predictive factors in earlier developmental phases
(e.g., kindergarten). Moreover, by constructing multiple concurrent and longitudinal models, this
study has attended to the expressive duration of developmental pathways. For example, both the
concurrent and the longitudinal paths from the ecological component to the cognitive component
were constructed. One motive for the examination was to see whether the effects of the
components were concurrent or longitudinal, and if the effect was longitudinal, whether it could
be expressed in a fixed period (i.e., from Time 1 to Time 2). Although this study did not find any
significant longitudinal effects of the components due to the highly stable nature of word reading
in the early grades, it is recommended to consider the expressive duration of a certain effect.
Future studies could examine and compare different time lags (e.g., concurrent, six-month, one-
year) of the direct and indirect effects of the components on reading. Moreover, statistical
modeling (e.g., latent growth model) focused on the growth curve of the variables could also be
utilized.

Finally, the interactions of the three components (cognitive, ecological, psychological) in

contributing to the reading outcome show that the influencing factors of reading development are
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not only limited to the cognitive domains. Factors from the ecological and psychological
domains, and their direct, indirect and bidirectional relationships should all be considered for a
more comprehensive understanding of reading development in Chinese children. Although
studies have begun to investigate the relationships between the factors from different domains
and reading outcomes, most of them have viewed ecological factors as the distal factors that
exerted influence on the cognitive factors or the reading results (e.g., Dulay et al., 2018; Puglisi
et al., 2017). However, the ecological factors (e.g., literacy activities at home) could also be the
result of children’s reading abilities, as suggested in the study by Deng et al. (2015), where they
found that reading ability in grade one negatively predicted the frequency of home literacy
activities in grade two in Chinese children. In addition, the relationship between the
psychological factors (e.g., reading interest) and reading ability may be bidirectional as well, as
shown by the prediction of early word reading on later reading interest in this study. Similar
dynamic and bidirectional relationships could exist between the ecological factors and the
psychological factors (e.g., Pezoa et al., 2019; Wang & Liu, 2021). Thus, there is a need to take
measurements of the influencing factors and the reading results at multiple time points and to

examine their bidirectional relationships with development.

5.4.2. Educational implications of this study

In addition to the theoretical implications, the results of this study also have implications for
educators and policy makers. First, when looking for the sources of reading difficulties in
Chinese early readers, educators (teachers, parents) may search for factors beyond the cognitive
domain, such as the children’s home literacy environments and their psychological states.
Schools and communities could provide shared literacy resources (e.g., books, tablets with

installed literacy games), which may be beneficial to children’s literacy development with less
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literacy resources at home. Parents should realize that their behaviors and conditions also
influence their children’s reading development, such as the levels of their own language skills
(e.g., Puglisi et al., 2017) and the frequency of literacy activities, so that they could reach for
other resources and activities (e.g., tutorial classes) when they are not capable or available to
provide literacy activities at home. Teachers should realize that children receive different levels
of literacy education before primary school so that special attention should be paid to those who
come from disadvantageous backgrounds (e.g., low SES families).

Second, the connection between school and parents could be strengthened so that parents can
conduct timely and targeted literacy activities at home (e.g., instruction of the Pinyin knowledge
when a child cannot answer the related questions in the mid-term exam), which could improve
their cognitive abilities and, in turn, their reading abilities. Relatedly, family intervention aimed
at improving parents’ instructional and interactional skills when providing literacy activities
could be developed, since literacy activities have been shown to be effective and important for
Chinese children (Wang & Liu, 2021).

Third, the longitudinal path from early word reading to later reading interest was found in the
cross-lagged model in this study. Moreover, the path from reading interest to word reading
emerged for the concurrent model at Time 2, but not the concurrent model at Time 1. These
results agree with those of a longitudinal study by Torppa et al. (2020), which found that poorer
comprehension and reading fluency ability predicted less leisure reading from grade one to three
in Finnish children. However, in later grades, more book reading for leisure predicted better
reading comprehension. Thus, at the early developmental stage, educators may focus on

improving children’s reading abilities rather than evoking reading interest in early readers.
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However, when children have the ability to read books independently, suitable literacy materials
can be provided to substantiate the path from reading interest to reading ability.

Fourth, as reading ability is highly stable when children enter primary school, reading
intervention or formal literacy instruction may be commenced early in primary school. In
mainland China, formal literacy instruction is not allowed in kindergarten (Li & Rao, 2005),
although parents and teachers usually teach some literacy knowledge to kindergarten children
(McBride, 2016b). However, since there are no stipulations for the content, quantity and quality
of literacy education in kindergarten, children’s reading abilities may be quite different when
they enter primary school depending on the prior literacy instruction that they have received.
This is confirmed by studies that examined the character reading ability in kindergarten children
from mainland China, where large standard deviations were found for the reading tasks (e.g., Liu
et al., 2020; Pan et al., 2011). Compared to their peers, the children who receive little literacy
education before primary school can be disadvantaged in their literacy development during the
whole primary school period, which could affect their development in other subjects (e.g.,
mathematics).

The difference in reading ability, with and without the formal literacy education before primary
school, has been evident in the studies that examined children from Hong Kong and mainland
China. Whereas children from mainland China do not received formal literacy instruction before
primary school, those in Hong Kong do so when they enter kindergarten. As a result, the children
from Hong Kong were found to outperform their counterparts from mainland China consistently
in the reading tasks from kindergarten to the middle grades of primary school (e.g., Li et al.,
2008; Li & Rao, 2000, 2005), despite the children from Hong Kong encountering more

challenges during the literacy development (e.g., more opaque mapping from the oral language
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onto the written one). Thus, it seems that the early formal literacy instruction could have long-
lasting benefits for reading ability. Policy makers from mainland China may need to rethink

about this ban on formal literacy instruction in preschool and kindergarten.

5.5. Limitations and Future Directions

This study has three main limitations. First, data were only collected from two time points, which
prevented the more detailed examination of the relationships between the components and word
reading in the early reading developmental phase. Future studies could collect data at more time
points, which is beneficial in searching for the predictive effects of the components and the
dynamic relationships between the components and word reading. For example, as the level of
word reading is highly stable once children entered formal education, the data collection could
extend earlier to the third year in kindergarten in searching for the predictive factors of reading
ability. Moreover, a cross-lagged model with more than two time points could be constructed to
see the developmental changes in the relationships between the components and word reading.
Second, by aggregating the factors from the same domain into a larger component, this study did
not investigate the specific mechanisms underlying the relationships between factors and word
reading. Future studies could sort factors into subdivided groups and investigate the relationships
between the factors from different groups and word reading. For example, the factors could be
categorized into domain-general factors (that exerted influence not only in learning to read but
also in learning other knowledge such as mathematics) and domain-specific factors (that mainly
exert influence in learning to read), which then allow researchers to examine the potential
mediation of the domain-specific factors on the relationship between the domain-general factors

and word reading.



115

Relatedly, the factors included in the three components were not fully representative of each
domain. The cognitive component mainly covered the language-related variables (MA, PA,
vocabulary, and working memory) but did not include factors such as orthographic awareness,
executive function (only working memory was included), and visual attention, which were also
found to be important in learning to read Chinese (e.g., Chung & McBride-Chang, 2011; Liu &
Liu, 2020; Siok & Fletcher, 2001). The psychological component only included children’s
interest in reading in the structural equation modeling, and the ecological component only
included factors at the family level but not the school and the neighborhood levels. Future studies
could incorporate more factors from different levels and examine their interactive effects on the
reading development.

Third, although this is a longitudinal study, the correlational nature of the study prevented casual
conclusions to be drawn from the results. Future studies could use interventional and
experimental methods to investigate the causal relationships between the components and word
reading in Chinese children. Moreover, because this study did not examine the parents’ reading
ability or incorporate genetic data, it was not possible to dissect the genetic influences on the
components and word reading from the environmental ones. Future studies could examine the
parents’ reading abilities as the genetic proxy or use twin-study data to examine the genetic
influences (Hart et al., 2021).

One additional limitation of this study is the group-based test format at Time 2 due to the
epidemic prevention measures of COVID-19, which inevitably affect the data quality. For
example, the children may skip items because they accidently click the mouse (in the PC tests),
or they do not want to answer the items. However, | have worked with my colleagues to make

sure the PC tests are easy to use for the children. The PC tests have undergone multiple iterations
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before the data collection. During the test, five experimenters (myself included) were monitoring
the test process and intervened whenever the child has a problem or did not attend to the test. In
the paper-form tests administered in the classroom, headmaster of the class is presented to make

sure the measuring process is smooth.

5.6. Conclusion

In summary, by tracking a group of Chinese primary school children from grade one to grade
three, the study found that the ecological and cognitive factors that were important to reading
development can be loaded onto the respective components. Moreover, the cognitive and
psychological components contributed directly to word reading, while the ecological component
contributed indirectly to word reading via the mediations of the other two components.
Developmentally, the effect of the ecological component on the cognitive component increased
as the children moved to higher grade levels. In addition, the cognitive component in grade one
contributed to word reading in grade three via the mediation of word reading in grade one, and
the ecological component and word reading in grade one were found to predict the psychological
component in grade three. These findings underline the importance of incorporating factors from
multiple domains (ecological, psychological, cognitive) and time points for a complete picture of
reading development in Chinese children. The results of this study also extended the

Componential Model of Reading (CMR) in Chinese lower grade students.
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Appendices

Appendix A: Items for the Questionnaire of Children’s Interest in Reading

. He/she only reads if he/she has to. (reverse coded)

. Reading is his/her hobby.

. He/she likes talking about books with other people.

. Finishing a book from front to end is very difficult for him/her. (reverse coded)
. He/she is always happy when receiving a book as a gift.

. Reading is a waste of time in his/her eyes. (reverse coded)

. He/she likes to go to bookstores or libraries.

. He/she cannot sit still to read for more than a few minutes. (reverse coded)

He/she likes to express opinions about books he/she reads.

10. He/she likes to exchange books with friends.
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Appendix B: Sample Items for the Conners’ Parent Rating Scale-Revised

1. Behave rudely to adults

2. Always in fights with others
3. Always crying and screaming
4. Likes to brag

5. Easily distracted
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Appendix C: Items for the Questionnaire of Home Literacy Environment at Time 1

Prior to entering primary school, how frequently did you or your family members

conduct the activities listed below with your child?

1. Book reading

2. Telling stories

3. Singing

4. Playing with letters or characters, such as character learning cards
5. Discussing about the things you have done

6. Discussing about the books you have read

7. Playing word games, such as riddles about words

8. Writing characters

9. Reading signs or labels

10. Going to the library.
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Appendix D: Items for the Questionnaire of Home Literacy Environment at Time 2

How frequently did you or your family members conduct the activities listed below with

your child?

1. Listening to the child reading the text

2. Discussing about the things you and your child have done together

3. Discussing about the materials that your child have read on his/her own
4. Discussing about the materials that your child have read in class

5. Going to the library or the bookstore with your child

6. Aiding your child when he/she is doing reading-related homework



