Educational Psychology Review (2024) 36:80
https://doi.org/10.1007/510648-024-09915-9

META-ANALYSIS

®

Check for
updates

Effectiveness of Reading Interventions on Literacy
Skills for Chinese Children with and Without Dyslexia:
a Meta-analysis of Randomized Controlled Trials

Yijun Ruan'2® . Urs Maurer? - Catherine McBride®

Accepted: 4 July 2024
© The Author(s) 2024

Abstract

This meta-analysis synthesizes 49 standardized mean-change differences between
control and treatment groups as effect sizes from 28 independent studies, investi-
gating the efficacy of existing reading interventions on literacy skills for Chinese
children. Six potentially important moderators were considered in this study. These
moderators included intervention outcome, intervention method, intervention tim-
ing, participant type, intervention form, and intervention implementer. Overall,
the existing reading intervention significantly impacted Chinese children’s literacy
achievement (g=0.68). Different intervention methods showed somehow different
effects on literacy outcomes. Specifically, fluency training (g=1.78) appeared as
the most effective intervention method with a large effect. Working memory train-
ing (g=0.80), phonological training (g =0.69), orthographic training (g=0.70), and
morphological training (g=0.66) had significant and medium effects on improv-
ing literacy skills of Chinese children. In addition, reading intervention improved
literacy skills of older children (g=0.90) and younger children (g=0.63) compa-
rably. However, children with dyslexia (g=0.87) seemed to benefit more than typ-
ically developing children (g=0.49) from reading interventions. Reading interven-
tions seemed to have a better effect on word spelling (g=0.93) than word reading
(g=0.63). Interventions delivered in group (g=0.78) seemed to be more effective
than interventions delivered individually (g=0.45). Children gained more from
interventions administered by researchers (g=0.85) or combined implementers
(g=1.11) than by parents (g=0.27). These findings suggest that appropriate read-
ing interventions are effective and essential for improving the literacy outcomes of
Chinese children, but the efficacy might be different depending on the intervention
methods, children’s literacy status, outcome measures, and intervention settings.
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Introduction

Reading is a crucial ability and foundation not only for education but also for daily
life. Any impairments in reading ability can affect the quality of life in numerous
ways (Jamshidifarsani et al., 2019). Reading is a complex and multifaceted pro-
cess involving different skills, such as executive functions and cognitive-linguistic
skills. It can be challenging for some individuals to acquire reading ability. This sit-
uation becomes more demanding for Chinese learners because Chinese is a script
with extreme visual complexity (Chang et al., 2016). Therefore, facilitating literacy
acquisition for Chinese children, especially for children with dyslexia, should be a
common concern for teachers and parents. Many reading difficulties and disabili-
ties can be prevented or alleviated if children are provided with appropriate read-
ing interventions (Petersen et al., 2016). Current reading interventions for Chinese
children differ widely in focus, duration, etc. Differences among interventions may
be related to differential effects on literacy skills. The present study employs a meta-
analysis approach to synthesize research on the effectiveness of reading interven-
tions designed to enhance word-level skills among Chinese children. The aim is to
determine the overall efficacy of these interventions and identify factors that influ-
ence their effectiveness.

The Chinese Writing System and Chinese Reading Acquisition

The basic writing unit of the Chinese writing system is the character, which is com-
posed of strokes. Each Chinese character represents a syllable and a morpheme
simultaneously. Many Chinese characters are compound characters that consist of
a semantic radical indicating the meaning and a phonetic radical cueing the pronun-
ciation of the character (Shu et al., 2003). For example, % (qi 2, ride) contains the
semantic radical & (ma 3, horse), and the phonetic radical #F (qi 2, strange). How-
ever, the phonetic radical is not always reliable for predicting the character’s pronun-
ciation. The connections between the pronunciation and the written characters are
relatively arbitrary. Many Chinese words are compound words that are composed of
two or more morphemes/characters. For example, % can be combined with many
other morphemes to build words with different meanings. These words include %5,
(ride a horse), 5§ 4= (cycling), %17 (riding), and 3% (light cavalry). In addition,
there are many homophones and homographs in Chinese.

Chinese word reading acquisition involves many meta-linguistic and cognitive
skills. Peng et al. (2021) expanded the Simple View of Reading (SVR, Gough &
Tunmer, 1986) by adding meta-linguistic skills into the model and investigated the
new model in the Chinese population. Meta-linguistic skills in the supposed model
by Peng et al. (2021) included phonological awareness, rapid automatized naming
(RAN), orthographic awareness, and morphological awareness. Their result showed
that SVR could be applied to Chinese and meta-linguistic skills made significant
direct and unique contributions to decoding. The result suggested that these meta-
linguistic skills were essential for Chinese word reading acquisition. The Interac-
tive Dynamic Literacy Model (IDLM, Kim, 2020) supports these results. In this
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model, lexical-level literacy (i.e., word reading and spelling) acquisition requires a
comprehensive set of emergent literacy skills and domain-general cognitive skills.
The emergent literacy skills are the same as the meta-linguistic skills in Peng et al.’s
(2021) model. The domain-general cognitive skills in IDLM mainly refer to execu-
tive functions. Working memory is one of the primary representative executive
functions in the IDLM. According to IDLM, working memory is the essential base
for the development of word reading and spelling. IDLM could be applied to many
orthographies, including Chinese (e.g., Pan & Lin, 2023). Studies in Chinese chil-
dren have found that working memory directly and indirectly contributes to Chi-
nese word reading and spelling (e.g., Pan & Lin, 2023). In addition, working mem-
ory training appears to be the most frequently used method for improving literacy
skills among the executive functions in Chinese studies (e.g., Luo et al., 2013; Yang
et al., 2017). In conclusion, as reviewed above, Chinese reading acquisition requires
a comprehensive set of meta-linguistic and cognitive skills. Training these skills
would be possible to improve Chinese literacy.

A single character can be a word but most Chinese words consist of two or more
characters. Character reading and word (composed of multiple characters) reading
are highly correlated (e.g., Ruan et al., 2023b). However, several previous studies
have suggested that character and word reading are likely to be two distinct pro-
cesses in Chinese literacy (e.g., Pan et al., 2021; Wang & McBride, 2016). Char-
acter reading depends particularly on the understanding of the orthographic com-
position of the writing unit and its meaning; while word reading requires not only
the meanings of the morphemes but also how they are combined into words (Pan
et al., 2021). Therefore, orthographic awareness was found to explain unique vari-
ance in character reading even after statistically controlling for word reading (Wang
& McBride, 2016). In contrast, rapid automatized naming and morphological aware-
ness (especially in the form of lexical compounding) additionally explained variance
in word reading even after statistically controlling for character reading (Pan et al.,
2021). The model of the development of character and word learning in McBride
(2016) also proposed that visual-orthographic skills play a prominent role in charac-
ter learning and lexical compounding awareness plays a primary role in word learn-
ing. These distinctive aspects between character and word reading processes result
in different focuses and effectiveness of reading interventions at the character or
word level for Chinese children.

The Profile of Chinese Dyslexia

Previous studies have highlighted several common deficits in cognitive-linguistic
skills of children with dyslexia across alphabetic and logographic languages (e.g.,
McBride et al., 2018). These skills include phonological sensitivity, morphological
awareness, orthographic knowledge, and fluency. However, the degree and signifi-
cance of these deficits might differ among different languages. Children with dys-
lexia in alphabetic languages often manifest the strongest difficulty in phonological
skills (e.g., Morris et al., 1998). Nevertheless, some studies in Chinese have found
that phonological skills tended to be less powerful in distinguishing Chinese children
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with and without dyslexia as the phonological structure is relatively simple in Chi-
nese (e.g., Ho et al., 2004). In contrast, impairments in morphological awareness,
orthographic knowledge, and fluency are more significant in Chinese dyslexia. For
example, some studies have demonstrated that difficulty in orthographic processing
of character structure was one of the most dominant deficits underlying Chinese dys-
lexia (e.g., Ho et al., 2002). Chinese is a morphosyllabic language with many hom-
ophones (DeFrancis, 1984). Therefore, many researchers have suggested that the
inability of Chinese dyslexia to differentiate among meanings of homophones and
to discriminate morphemes results in their word reading failure (e.g., Peng et al.,
2017). Moreover, Chinese is visually complex, and the correspondences between the
pronunciations and characters in Chinese are relatively arbitrary. Some researchers
suggested that deficits in orthographic knowledge and fluency might result in unsta-
ble and weak orthographic representations that lead to problems in automaticity and
rapid retrieval, thus contributing to failures in word reading (Ho et al., 2002).

Different Types of Reading Intervention for Chinese Children

Several comprehensive systematic reviews on reading interventions in the alpha-
betic language system have suggested that intervention type might be a significant
moderator of effect size (e.g., Scammacca et al., 2016). According to the Interactive
Dynamic Literacy Model (Kim, 2020), literacy acquisition involves a comprehen-
sive set of emergent literacy skills and domain-general cognitive skills. Emergent
literacy skills included phonological, morphological, orthographic skills, and RAN.
Other researchers have also suggested that phonological sensitivity, morphological
awareness, orthographic knowledge, and fluency are four required components for
successful Chinese reading (e.g., McBride & Wang, 2015). Working memory is the
primary representative domain-general cognitive skill in the Interactive Dynamic
Literacy Model. Effective interventions for most children involve explicit instruc-
tion and address different reading components. Based on these main linguistic
components for reading acquisition, we classified reading interventions into five
types: phonological, morphological, orthographic, fluency, and working memory
interventions.

The phonological intervention aims to enhance children’s sensitivity to syllables
or phonemes and enable them to grasp the pronunciations of characters or words
(e.g., Chen et al., 2016). This type of intervention often engages children in learning
how to manipulate sounds in speech, including identifying, segmenting, deleting,
or adding sounds in words (Algahtani, 2020). While interventions aimed at train-
ing phonological sensitivity have been shown to improve the phonological skills of
Chinese children, they do not appear to have a significant impact on their reading
or writing abilities. For example, a phonological intervention study in Hong Kong
applied activities related to syllable awareness, lexical tone sensitivity, and rhyme
sensitivity to training children (Zhou et al., 2012). Results found that children in the
training group outperformed children in the control groups on phonological sensi-
tivity but not on the character recognition task. Another study focused on training
Pinyin skills in a group of Chinese kindergarteners in Mainland China (Wang &
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McBride, 2017). The results were that the training improved children’s Pinyin skills
compared with no training controls but not their word reading and writing skills.
However, some other studies have also demonstrated that phonological training
could improve Chinese reading abilities in the sample of Hong Kong primary school
students with dyslexia (e.g., Ho & Siegel, 2016; Wang, 2017a). Many studies on the
effect of phonological training in alphabetic languages also found that this type of
intervention positively affected word reading (e.g., Miiller et al., 2020). In addition,
several previous meta-analysis studies in alphabetic language systems have indicated
the relatively strong effects of phonological training on reading achievement (e.g.,
Bus & van IJzendoorn, 1999; Ehri et al., 2001). Chinese language depends less on
phoneme-level skills, and the phonological structure of Chinese is simpler than that
in alphabetic languages (e.g., Wong et al., 2012). Therefore, it is unclear whether the
effect of phonological training would be different for Chinese children.
Morphological awareness refers to the perception and manipulation of mor-
phemes and morphological structures (Carlisle, 1995). Morphological intervention
often has activities to train children’s ability to reflect on and manipulate morphemes
and morphological structures and to distinguish homophones in Chinese. The essen-
tial characteristic of morphological intervention is that the meaning aspects of
characters and lexical compounding are the main focus during the whole training
procedure. Some meta-analyses of morphological interventions in alphabetic lan-
guage systems have revealed a significant effect size on literacy achievement (e.g.,
Goodwin & Ahn, 2010). Intervention studies have found that training focused on
morphological awareness significantly improved the literacy skills of Chinese chil-
dren as well. One type of morphological intervention in Chinese includes combined
instructions on the shape-to-meaning connections in pictographs and ideographs,
the function of the semantic radicals to the meaning of characters, and the contribu-
tion of different morphemes/characters to the meaning of multiple character words.
For example, one study applied this type of morphological intervention to Chinese
first- and second-graders (Wu et al., 2009). They found that children who received
the intervention made significant progress on reading and writing tasks after training
when compared with the control group. Wang & McBride (2017) also used the same
method and compared the efficacy of this morphological intervention with two other
types of reading interventions (i.e., copying intervention and copying plus Pinyin
intervention) for kindergarten children in Mainland China. The results revealed that
this type of morphological intervention yielded the most remarkable improvements
in word reading. Morphological awareness in the form of lexical compounding may
help children to recognize unfamiliar characters within orally familiar words and to
combine morphemes together to build new word forms (Wang & McBride, 2016). In
addition, knowing the way to combine individual morphemes into multi-morphemic
words helps children make educational guesses for the meaning of words and thus
facilitate word reading (Zhou et al., 2014). Another type of morphological interven-
tion applied homophone training to facilitate children’s reading. Homophone train-
ing is targeted at sensitizing children’s awareness to distinguish the same syllable
with different meanings (Chow et al., 2008). In homophone training, children are
often trained to match the homophones to pictures that correspond to their mean-
ings. Homophone training as one type of morphological intervention showed good
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efficacy for Chinese children (e.g., Chow et al., 2008; Zhou et al., 2012). Enhancing
homophone sensitivity might help children map oral syllables onto printed words
and become more aware of the morphosyllabic nature of Chinese (Chow et al.,
2008).

Orthographic knowledge in Chinese involves recognizing and processing char-
acter configuration and structure, radical information, and positional and functional
aspects of character components (e.g., Ho, 2014). The orthographic intervention
involves systematic instruction to teach children the conventional rules of Chinese
characters and draw their attention to the structure of the characters. The primary
feature of orthographic intervention is that it focuses on the character level. One
method often used in orthographic intervention is radical awareness training. This
method is specific to Chinese script because radical is a unique structure for Chi-
nese characters, not for alphabetic scripts. Different from training children to real-
ize the contribution of semantic radical to characters’ meaning in morphological
intervention, radical awareness training in orthographic intervention mainly focuses
on both phonetic and semantic radicals and emphasize the positional information
of radicals. During the training of radical awareness, children are often presented
with a group of characters sharing the same phonetic radical or semantic radical and
instructed to understand the usage of radicals. Several studies have demonstrated
that radical awareness training could improve word reading performance in Chinese
children with and without dyslexia (Chen et al., 2015). This might be because pay-
ing attention to radical structure enhances the memorization of Chinese characters
(Wang et al., 2004). Nevertheless, relatively few studies have explored the efficacy
of other orthographic intervention methods individually. Lam & McBride-Chang
(2013) provided orthographic instruction (i.e., stroke order training) and morpho-
logical instruction (i.e., the function of semantic radical) for parents to facilitate
their children’s literacy skills in Hong Kong. The results found that only the group
of morphological training improved kindergarteners’ performance in the dictation
task compared with the control group. A study showed that orthographic interven-
tion had its effect only when it was conducted together with other reading strategies
(Leong et al., 2011). Research on the efficacy of orthographic intervention indicates
that it has potential effects on Chinese reading ability.

Fluency intervention often utilizes two techniques as primary ways to improve
reading ability. They are accelerated reading and repeated reading. Accelerated
reading presents children with different sentences or paragraphs word by word or
sentence by sentence. The presented speed will be adjusted according to the per-
formance of children in responding to some questions. Repeated reading requires
children to read the same passage multiple times with increasing speed. The impor-
tance of fluency in reading acquisition has been well-established across languages
(e.g., Moll et al., 2014). Fluency training involves simultaneously processing pho-
nological and orthographic information (Norton & Wolf, 2012). Intervention stud-
ies focused on training fluency in Chinese children have revealed good efficacy.
For example, Dai et al. (2016) explored the effectiveness of a reading acceleration
program for Chinese children with and without word reading disabilities. Their
results showed that this type of intervention was effective in helping children
to read faster. However, the indicator for the intervention effect of this study was
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reading comprehension rather than word reading or spelling. Gao et al. (2020)
applied another type of fluency intervention named Rapid Reading Skills Training
(RRST) to train primary school children. They found that this method significantly
improved the character reading performance of children who received the interven-
tion. There are limited number of Chinese studies on the effect of fluency training.
Therefore, the efficacy of fluency training should be concluded with caution, and
more strict-designed investigations are needed.

Working memory intervention is another type of intervention focused on in the
present meta-analysis. Working memory is not only a dynamic mechanism that
involves simultaneous storage and processing of verbal and visuospatial information
over short periods of time, but also a limited capacity of holding and manipulat-
ing informational chunks to handle complex cognitive activities (Mo et al., 2018).
Given the complexity of visual-orthographic features and the relatively arbitrary
and inconsistent correspondences between characters and pronunciations, working
memory should play an important role in Chinese literacy acquisition. The Chinese
writing system has many homophones and homographs. Successful Chinese literacy
acquisition might require working memories to store as many morphemes of each
syllable as possible, as well as to retrieve the correct morpheme effectively in dif-
ferent contexts (Pan & Lin, 2023). In addition, some researchers have proposed that
working memory is probably essential for Chinese literacy because Chinese chil-
dren traditionally learn to read by rote (Siu et al., 2018). Previous studies have sug-
gested that working memory was a strong correlate of Chinese literacy skills (e.g.,
Mo et al., 2018). It could contribute to Chinese word reading and spelling even after
controlling other cognitive-linguistic skills like morphological awareness (Pan &
Lin, 2023). A specific focus on working memory may be particularly helpful for
promoting literacy skills for Chinese children. This type of training often focuses on
two components: verbal working memory and visuospatial working memory. Work-
ing memory intervention typically involves asking children to remember stimuli and
complete related tasks after the stimuli have disappeared. For example, Luo et al.’s
(2013) training used two tasks to train the working memory of Chinese children
with dyslexia. The first task was a visuospatial task, in which children needed to
remember the positions of some colored squares in a matrix. The second one was
a visual verbal task, in which children were asked to memorize a sequence of the
presented first three target characters. Children were required to recall these stimuli
after the matrix or the characters disappeared. Studies on working memory training
in Chinese children have revealed that this type of intervention positively affected
word reading fluency (e.g., Luo et al., 2013; Yang et al., 2017). Training visuospatial
working memory is effective for Chinese might be because reading and writing in
Chinese rely greatly on visual-spatial skills. Chinese children need to attend to the
subtle visual difference of radicals, individual strokes, and their positions within and
between characters (e.g., Mo et al., 2018).

Some other types of reading interventions in Chinese have been investigated rela-
tively rarely but still show good efficacy. One of them focuses on training the tem-
poral processing skills of children. For example, Wang et al. (2019) and Zhang et al.
(2018) used auditory and visual temporal processing tasks to train children’s tempo-
ral processing skills. Both studies found that the performance of character reading
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was improved after training. Additionally, intervention such as multisensory train-
ing was also found to enhance word reading and spelling in Chinese children (e.g.,
Ho, 2001).

Different types of reading interventions for Chinese children have received initial
investigations in the last few decades. However, there are still some gaps. For exam-
ple, the efficacy of some specific types of interventions is inconsistent and unreliable
given limited evidence in Chinese studies. In addition, we do not know which kind
of intervention is the most effective for Chinese children. The intervention method
seems to be an essential factor in affecting the efficacy of reading interventions. For
example, a study compared three types of interventions on three groups of kinder-
garteners: phonological awareness, lexical compounding, and homophone aware-
ness interventions (Zhou et al., 2012). Their results showed that only the lexical
compounding intervention improved children’s word reading ability. This study indi-
cates that different types of interventions might have different efficacy for Chinese
children. Therefore, it is necessary to investigate the overall effect of the existing
reading interventions for Chinese children and examine the best intervention specific
to them.

Intervention Effects for Children with and Without Dyslexia

Different types of intervention participants between studies might possibly result in
some variations in the intervention efficacy. The present study focused on children
with and without dyslexia. Dyslexia is a word-level reading disability character-
ized by problems in accurate and fluent word recognition, decoding, and spelling
(American Psychiatric Association, 2013). Diagnosis criteria for dyslexia are incon-
sistent across regions in China. For example, a standardized test battery containing
the word reading task is used for identifying children with dyslexia in Hong Kong;
while a character recognition task is commonly used for diagnosing dyslexia in
Mainland China (McBride et al., 2018). Various diagnosis criteria might result in
different focuses of interventions for Chinese dyslexia in different regions. Studies
regarding whether children with low or high initial reading levels would benefit dif-
ferently from interventions received inconsistent conclusions. For example, a study
explored the effectiveness of a parent coaching approach on the literacy skills of
Chinese children with and without dyslexia (Ruan et al., 2023b). The result found
that children with dyslexia and typically developing children benefit similarly from
the intervention regarding word spelling ability. However, only children with dys-
lexia significantly improved word reading ability after intervention. A meta-analysis
on the effects of intensive early reading interventions in alphabetic language found
that the level of initial reading achievement was not a significant moderator of the
intervention effect (Wanzek et al., 2018). Some researchers suggested that children
with different initial reading levels benefit from various aspects of interventions
(e.g., Steenbeek-Planting et al., 2013). One study conducted working memory train-
ing for German grade 3—4 typically developing children and revealed that the train-
ing had significant and positive effects on children’s word reading ability (Loosli
et al., 2012). However, another German study also trained grade 3 children with
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dyslexia by working memory intervention and found that these children did not ben-
efit from the training (Maehler et al., 2019). In contrast, several studies have exam-
ined that at-risk children or children with dyslexia could befit more from the same
type of intervention as compared with typically developing children (e.g., Baker
et al., 2017; Wise et al., 2000). These inconsistent findings indicate the necessity to
further examined the moderation effect of participant type on intervention efficacy.
By comparing the intervention effects between children with dyslexia and typically
developing children, we can determine whether the interventions are equally effec-
tive for both populations. This information is important for evaluating the generaliz-
ability and applicability of the interventions across different populations.

Intervention Effects on Different Outcomes

Word reading and spelling are two fundamental literacy skills (Ruan et al., 2023a).
Word reading and spelling might influence each other in all phases of literacy devel-
opment (Galuschka et al., 2020). However, these two abilities also involve their own
specific processes. Therefore, we evaluate the effects of reading interventions sepa-
rately for word reading and spelling in the present study. The ultimate goal of many
reading interventions is to help children improve their literacy skills, which should
include both reading and spelling. Many of the reading intervention studies showed
that interventions improve not only children’s reading ability but also their spell-
ing ability. For example, Wang & McBride (2017) assessed the effects of different
intervention programs for Chinese literacy development in kindergarteners. They
examined that the intervention groups progressed significantly more than the control
group in both reading and spelling abilities. Reading interventions work similarly
for reading and spelling might be because most linguistic skills essential for reading
acquisition are also crucial for spelling ability (Galuschka et al., 2020). Nonetheless,
some studies showed that reading intervention only had an effect on reading ability
but not spelling ability. For example, Ho & Ma (1999) applied phonological strate-
gies training to facilitate the literacy skills of children with dyslexia. They found
that only the character reading of the trained children improved after intervention
but not word spelling. The presence of inconsistent findings suggests a need for fur-
ther investigation into potential variations in intervention efficacy across different
literacy skills (i.e., word reading and word spelling).

Influence of Intervention Timing on Intervention Effects

Intervention timing here refers to the ages at which participants received the inter-
vention. Some researchers have suggested that distinct developmental periods when
children first received reading intervention would yield different training effects
(e.g., Snow et al., 1998). On the one hand, interventions conducted at an earlier age
are supposed to be more effective than those conducted at a later age (Bogdanow-
icz et al., 2016). Some researchers suggest that children in upper elementary grades
are not only expected to master basic word-level reading skills but are also required
to be able to read text with comprehension (Wanzek et al., 2010). Therefore, it
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becomes challenging for older children to benefit from basic reading interventions.
On the other hand, interventions conducted at different grade levels seem to have
similar efficacy. For example, a meta-analysis of intervention for struggling readers
in grades 4-12 in alphabetic language systems found no significant differences in
pairwise comparisons between mean effect sizes for studies that included children
from different grades (Scammacca et al., 2015). It is possible that older children
have mastered some compensated skills with experience so that they may become
more competent in handling the intervention materials. Hence, it seems unneces-
sary that older children tend to gain less from reading interventions than younger
children. Whether the intervention timing can affect intervention efficacy in Chinese
children needs further investigation.

Influence of Intervention Setting on Intervention Effects

Many factors related to intervention setting can be moderators for intervention effec-
tiveness. The intervention form (i.e., intervention delivered in groups or individu-
ally) might be a possible factor to influence the intervention effect. Some studies
have evidenced that individual intervention is the most effective form of instruction
(e.g., Pinnell et al., 1994). Other studies have shown that interventions implemented
in groups for children with reading problems are as effective as or more effective
than those conducted individually. For example, Ehri et al.’s (2001) meta-analysis
on the effectiveness of phonemic awareness instruction showed that instruction was
more effective when children were taught in small groups than individually or in the
whole class. Some researchers suggest that the influence of the intervention form is
probably dependent on the participants’ individual needs, their intellectual potential,
and the extent of the deficit (Bogdanowicz et al., 2016).

Another possible influencing factor for the intervention effect is the intervention
implementer. Interventions targeted at improving children’s literacy skills are often
conducted by researchers, teachers, and parents. Some systematic review and meta-
analysis studies on the effectiveness of reading instructions found that intervention
implementers might influence the intervention effectiveness. For example, Ehri
et al. (2001) found that phonemic instructions delivered by classroom teachers pro-
duced a statistically smaller effect size on the reading outcome than the effect size of
researchers. Galuschka & Schulte-Korne (2016) summarized in their study that the
effectiveness of the intervention reached significance when initiated by teachers and
researchers, while the efficacy was not unequivocally confirmed when administered
by parents. It seems that interventions implemented by experts in literacy develop-
ment might facilitate children to make more improvements. The moderation roles of
these influencing factors in intervention effectiveness should be further investigated
in future studies.

The Present Study

The present study aimed to examine the overall effectiveness of different reading
intervention approaches and the impact of various moderators on the efficacy of
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interventions. We focused on six moderators: intervention method, intervention
outcome, intervention timing, participant type, intervention form, and interven-
tion implementer. Reading intervention studies in Chinese received research-
ers’ attention only in recent decades. The results of these studies are not always
consistent and reliable. Although some studies have examined the effects of
different interventions for Chinese children, it remains unclear which type of
intervention has the best efficacy and how various factors affect the intervention
effects. In addition, intervention studies differed in focus, participants, interven-
tion timing, etc. Hence, it is necessary to conduct a meta-analysis to synthesize
findings across multiple studies. Meta-analysis is one of the best ways to ana-
lyze the overall tendency of existing studies through rigorous statistical analy-
sis. Most current systematic reviews and meta-analyses on reading interventions
were performed in alphabetic language systems. To our knowledge, the present
study is the first meta-analysis to synthesize reading intervention studies for
Chinese children. Understanding the effects of different types of interventions
and the factors that influence intervention effects can help develop more effec-
tive and suitable interventions specifically for Chinese children, especially those
with dyslexia.

The present study has two main research questions. First, what is the over-
all effect of current reading interventions on literacy skills of Chinese children
with and without dyslexia? We expected to find that current existing reading
interventions might have medium to large effects on improving the literacy skills
of Chinese children. The reason for this hypothesis is that almost all reading
intervention studies in Chinese report an improvement when compared interven-
tion groups with the control groups. Some meta-analysis studies on the effects
of different types of reading interventions in alphabetic language systems also
reveal a significant result (e.g., Goodwin & Ahn, 2010). Second, how inter-
vention method, intervention outcome, intervention timing, participant type,
intervention form, and intervention implementer influence the effect of reading
interventions? Phonological, morphological, orthographic, and fluency skills
are core components required for successful reading acquisition (McBride &
Wang, 2015). In addition, cognitive skills such as working memory were found
to be correlated with literacy development (e.g., Siu et al., 2018). Therefore,
meta-regression analysis for the comparison among different intervention meth-
ods might show that interventions focus on training different metalinguistic and
cognitive skills have significant effects on improving skills but the magnitude
of effectiveness might be different. Participant type might be another signifi-
cant moderator for intervention effects. Children with dyslexia might gain more
than typically developing children from reading interventions. Some researchers
have observed that interventions conducted for children with dyslexia were more
effective than those conducted for typically developing children (e.g., Baker
et al., 2017). In addition, based on the results from previous studies, interven-
tion form and implementer might be also significant moderators of interven-
tion effects. However, intervention outcome and intervention timing might not
emerge as significant moderators of intervention effects.
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Method

Literature Search

Following the PRISMA guidelines (Moher et al., 2009), studies that potentially
related to the topic of the present meta-analysis were searched in different data-
bases. These databases included ERIC, PsycINFO, PubMed, and ProQuest.
CNKI, an academic database used in Mainland China, was also used to search
related work written in Chinese. We endeavored to search for relevant published
and unpublished literature through these databases. We also searched relevant
studies manually by checking the references of review or meta-analysis papers.
The time range of the literature search started from the earliest possible date to
the date of the present study conducted (i.e., March 2023). The following terms
were used for the literature search: (“Chinese” OR “Mainland China” OR “Hong
Kong” OR “Taiwan”) AND (“dyslexia” OR “dyslexic” OR “reading difficul-
ties” OR “reading difficulty” OR “reading disability” OR “reading disabilities”
OR “reading disorder” OR “poor reader” OR “poor reading” OR “reading” OR
“reader”) AND (“intervention” OR “treatment” OR “training” OR “‘coaching”
OR “instruction” OR “therapy” OR “remediation”). When searching in the CNKI
database, these terms were translated into Chinese. The Chinese terms used for
searching were as follows: (“Ji5E” OR “Kffi” OR “&#5” OR “H7” OR “H
307 OR “ifH”) AND (“ BiBii3” OR “B A OR “Blif% OR "I
OR “B#7) AND (“FFil” OR “¥447” OR “JIIZ5” OR “%f ‘3 OR “45 5" OR *
JTVE” OR “%MRr”). Titles and abstracts of the searched studies were reviewed
first to exclude those significantly unrelated papers. Considering the efficient data
management, the first author and a trained undergraduate major in psychology
were independently responsible for searching the literature and screening titles
and abstracts in different databases. This approach could help expedite the initial
screening process when dealing with a large volume of literature and improve
overall efficiency. Several measures were taken to ensure the reliability of screen-
ing titles and abstracts between two coders. First, the two coders agreed on the
same eligibility criteria and screening guidelines before searching and screening.
Both coders adhered to the pre-set guidelines while screening titles and abstracts.
Second, only those significantly unrelated papers were excluded. Papers with
uncertainty all remained to be thoroughly read by the two coders. Any discrepan-
cies or problems during the screening process of titles and abstracts were resolved
through discussion and consensus between the coders. We intended to ensure that
papers that might be eligible for the present meta-analysis were read thoroughly
by all coders. The remaining papers were downloaded and read thoroughly for
further processing.

Criteria for screening searched studies for the present meta-analysis are
described below.

1. Study design: the study must use the pretest—posttest control-group design. The
study should have a treatment group compared with a control group. The control
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groups could be groups with no training or controlled training. To guarantee
the observed effect sizes were likely attributed to the conducted interventions,
the present study only included randomized controlled trials (RCTs). RCTs are
considered to be the “gold standard” of education evaluation (Stentiford et al.,
2018). It can reduce the risk of bias in the intervention efficacy and minimize
the influence of confounding variables. Research has shown that the effects of
interventions can be misjudged when meta-analyses include studies whose allo-
cation concealment is inadequate (Pildal et al., 2007). To provide more accurate
results of interventions’ efficacy for Chinese readers, only including RCTs can
ensure a high methodological quality of the meta-analysis. Moreover, comparing
the effectiveness of different treatment approaches is available if they all used the
RCT design. Many previous meta-analyses on the effects of reading interventions
only include RCTs in their analyses as well (e.g., Galuschka et al., 2014; Goodwin
& Ahn, 2010). In addition, interventions aimed at improving Chinese reading-
related skills should be introduced in detail in the study.

2. Participants: the participants should be children with dyslexia or typically devel-
oping children. No other developmental, mental, or physical disorders were
reported in the participants. We included studies on typically developing children
because reading interventions for average readers could also provide significant
implications for developing practical training for dyslexia. Some researchers have
suggested that the same instructions may contribute less to typically developing
readers but may make a big difference for children who have failed to make nor-
mal progress in learning to read (Ehri et al., 2001). Many previous meta-analysis
studies on the effectiveness of reading interventions in the alphabetic language
system also include both studies on typical readers and dyslexic readers in their
analyses as we did (e.g., Bus & van IJzendoorn, 1999; Ehri et al., 2001; Jamshidi-
farsani et al., 2019). In addition, as the number of intervention studies for children
with dyslexia is limited, combining the two groups could increase the sample size
and improve the statistical power. Including typically developing children allows
us to examine the overall effectiveness of interventions for a broader range of
readers and explore the moderation effect of participant type on the intervention
efficacy. Furthermore, participants in the studies must be school-aged children
(i.e., from preschool to the sixth grade), and they were native Chinese speakers.

3. Intervention indicators: studies should report at least one word-level literacy-
related indicator. In the present study, we focused on two word-level indicators:
character/word reading and spelling. The indicators tests should be administered
before and after treatment.

4. Others: the study must provide sufficient statistics (e.g., sample sizes, means, and
standard deviations) for computing effect size. The written language of the paper
should be English or Chinese.

Figure 1 summarizes the process of selecting eligible papers for the present
meta-analysis. As shown in Fig. 1, the initial database search resulted in 18814
records. We removed duplicate articles and significantly irrelevant articles after
initial screening by reading the titles and abstracts. Afterward, 98 full-text articles
remained and were carefully evaluated for eligibility. Based on the abovementioned
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18814 results through database searching on ERIC
(2781), PsycINFO (696), PubMed (1574), ProQuest
(5370), CNKI (8393)

18716 removed because of duplicates

»  and excluded if obviously irrelevant

after screening titles and abstracts

v

98 full-text articles assessed for eligibility 70 excluded full-text articles:

17 not intervention studies
15 no word reading/spelling outcomes
10 case studies

7 insufficient data
7 no control group
4 intervention was for L2 learning

v 3 participants were not school-aged children

28 full-text articles included in the meta-analysis 3 not native Chinese speakers

2 repeated sample and results

2 not dyslexic or typically developing children

Fig. 1 Flowchart of the study selection process

criteria, we finally included 28 studies for analysis in the current meta-analysis.
None of the studies were excluded because of the quasi-experimental design.

Coding Procedure and Interrater Reliability

Characteristics reflecting potential moderators for the intervention effects were coded.
These characteristics included participant type, grade, age, intervention method, inter-
vention outcomes, implementer, duration, the technology used or not, and intervention
form. However, in the present meta-analysis, we focus on the influence of intervention
timing, intervention method, intervention outcomes, participant type, intervention form,
and intervention implementer. Table 1 provides the characteristics of the included stud-
ies. The moderators were dummy coded for further analysis. Intervention timing rep-
resented the mean age/grade of the intervention group. We classified intervention tim-
ing into two categories: young ages and old ages. Children younger than age 9 (group
means) or in preschool to the third grade were classified as young ages, and children
older than age 9 (group means) or in the fourth grade to the sixth grade were classified as
old ages. This criterion was chosen because preschool to the third grade is often defined
as the early elementary grades and the fourth grade to the sixth grade is often defined
as the upper elementary grades in previous studies (e.g., Wanzek et al., 2018). Some
researchers suggest that a shift from “learning to read” to “reading to learn” occurs in
the fourth grade (Wanzek et al., 2010). The mean age of Chinese children in the third
grade is about 9 years old. Therefore, age 9 was used to classify young ages and old ages
in the present study. The intervention method was grouped into six categories according
to the focus of the intervention in each study. These categories included phonological,
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fluency, morphological, orthographic, working memory, and other methods. If the
study used combined methods to train children, the technique with a more significant
proportion in the whole intervention was coded. Studies were coded placing the out-
comes of intervention effectiveness into two categories: character/word reading and
spelling. These two outcomes were chosen because dyslexia is a word-level disabil-
ity, and we wanted to examine how much reading intervention affects the core prob-
lem (i.e., word reading/spelling difficulties). Participant type was classified as either
children with dyslexia or typically developing children. Intervention form was classi-
fied into two categories: in groups and individually. The intervention implementer was
grouped into four categories: researchers, parents, teachers, and combined implement-
ers (i.e., more than one type of implementer). Statistics for calculating effect size were
coded as well. These statistics included sample size, mean of pre-intervention, mean of
post-intervention, SD of pre-intervention, and SD of post-intervention for both inter-
vention and control groups.

The coding procedure was conducted independently by the first author and a
trained student helper who was an undergraduate majoring in psychology. Inter-
rater reliabilities for the coding of the intervention outcome (agreement=90.0%,
k=0.76), intervention method (agreement=280.0%, k=0.68), intervention timing
(agreement=96.7%, k=0.93), participant type (agreement=100.0%, k=1), inter-
vention form (agreement=_86.7%, k=0.77), and intervention implementer (agree-
ment=90.0%, k=0.85) were computed as the percentage of agreement and the
Cohen’s kappa values (Cohen, 1960). The result indicated a fairly good coding reli-
ability. The disagreements were solved upon consulting the original article and dis-
cussion between the two raters before data analysis.

Analytic Approach

A three-level meta-analysis was performed in the present study. This method controls
for the dependency of effect sizes and makes it possible to include available effect
sizes from the same study (Shi et al., 2022). Sampling variance of the observed effect
sizes (level 1), variance between effect sizes from the same study (level 2, 6., »), and
between-studies variance (level 3, 6%.,.3) are modeled in the three-level meta-analysis.
Between-studies variance (level 3, 67,.,.3) is equivalent to the 7* in the traditional meta-
analysis method. All analyses in this meta-analysis were conducted in R 4.2.3 (R Core
Team, 2023) with the “metafor” package (Viechtbauer, 2010). The overall effect size of
interventions on literacy skills (i.e., character/word reading and spelling) for Chinese
children was estimated first. Next, meta-regression analyses were performed to exam-
ine the moderation effects of the intervention method, intervention timing, intervention
outcome, participant type, intervention implementer, and intervention form.

Computation of Effect Sizes
Hedges’s g (Hedges, 1981) was used to calculate the standardized mean-change dif-

ference (SMD) between the treatment and control groups. This index was often used
in meta-analysis of intervention studies with the pretest—posttest control-group
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design as the effect size (Morris, 2008). Sample sizes, pretest- and posttest means

and standard deviations of both treatment and control groups were considered in the
3

calculation. The formula for calculating Hedges’s g is g=|1-— T

%). Among the formulas, X1 and X2 are the pre-
test—posttest mean changes, nl and n2 are the sample sizes, S; and S, are standard
deviations of intervention and control groups. The 95% confidence intervals (CI)
were also calculated. The inverse variance was used to calculate the weights of indi-
vidual studies (Hedges & Olkin, 1985). The restricted maximum-likelihood estima-
tor was used to calculate the between-study variance (e.g., Galuschka et al., 2020). If
studies included more than one intervention group (Chow et al., 2008; Lam &
McBride-Chang, 2013; Siu et al., 2018; Wang & McBride, 2017; Wang et al., 2019;
Yang et al., 2017; Zhou et al., 2012), effect size was calculated for each subgroup. If
studies had both word reading and spelling indicators, effect sizes were calculated
for both indicators (Chen et al., 2015, 2016; Ho, 2001; Ho & Ma, 1999; Lam &
McBride-Chang, 2013; Ruan et al., 2018, 2023b; Wang & McBride, 2017). If stud-
ies used different tests to measure word reading or spelling ability (Siu et al., 2018),
we combined the tests for the same ability and calculated only one effect size for
that ability. If studies trained both types of children (Wang, 2017b), we calculated
the effect size for each type of participant.

_XI-X2 @ _
(d= 52 ’SI’_
P

Heterogeneity Test

Two separate one-sided log-likelihood-ratio tests (Assink & Wibbelink, 2016) were
used to evaluate the existence or absence of heterogeneity for the within-study vari-
ance and between-study variance. In the tests, the deviance of the full model was
compared with the deviance of the model without one of the two variance param-
eters (Assink et al., 2018). Significant results implied the significant variance at
the second or third level of the model, and that effect sizes were heterogeneously
distributed (Geerlings et al., 2020). A forest plot was drawn as an additional refer-
ence for heterogeneity. If heterogeneity existed, meta-regression analysis should be
performed to statistically test and identify the cause of heterogeneity (Shim & Kim,
2019). Knapp-Hartung adjustment (2003) was applied to determine the significance
of the estimated regression coefficients. In this method, ¢-distribution was used for
testing individual coefficients, and F-distribution was used for the omnibus test of
all coefficients in the model (e.g., Assink et al., 2018).

Publication Bias

A funnel plot was constructed to verify the existence of publication bias visually. In
addition, a modified Egger’s test (Egger et al., 1997; Shi et al., 2022) was performed
to test the publication bias statistically. Moreover, we also computed Rosenthal’s
fail-safe N to determine the situation of publication bias. A value of Rosenthal’s fail-
safe N larger than 5 X k+ 10 (k=the total number of effect sizes) indicates a negligi-
ble risk of bias (Rosenthal, 1991).
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Quality Assessment

The present meta-analysis assessed study quality with the guideline of quality indi-
cators for group experimental research in special education published by the Coun-
cil for Exceptional Children (CEC, Gersten et al., 2005). This guideline includes
ten essential quality indicators and eight desirable quality indicators. The essential
quality indicators are classified into four aspects: describing participants, imple-
mentation of the intervention and description of comparison conditions, outcome
measures, and data analysis. A 3-point rating scale (i.e., a score of 3 =indicator met,
2 =indicator partially met, and 1=indicator not met) was employed to evaluate the
included studies on the 18 quality indicators. A study received a minimum score
of 2 on at least nine of the ten essential quality indicators and at least one desirable
quality indicator was considered as a study with acceptable quality; a study received
a minimum score of 2 on at least nine of the ten essential quality indicators and at
least four desirable quality indicators was considered as a study with high quality; a
study received a score of 1 on more than one of the ten essential quality indicators
was considered as a study with low quality. These criteria were suggested by Jiten-
dra et al. (2011) and used in many previous studies (e.g., Park & Kim, 2015).

Results
Results of the Literature Search and Studies’ Quality

The procedure of literature search and study selection resulted in 28 studies that met
the inclusion criteria and were included in the current meta-analysis. These stud-
ies involved 49 effect sizes (37 for word reading and 12 for word spelling). Among
these effect sizes, 23 of them were training for children with dyslexia, and 26 of
them were training for typically developing children. For the intervention method,
9 effect sizes for phonological training, 3 for fluency training, 10 for morphologi-
cal training, 7 for orthographic training, 5 for working memory training, and 15 for
other training methods, such as multisensory training (e.g., Ho, 2001) and temporal
processing (e.g., Wang et al., 2019). Forty-one of them trained children younger than
9 years old and 8 of them trained children older than 9 years old. Twenty-six of them
were delivered in groups and 20 of them were delivered individually. One study did
not report information about intervention form and two effect sizes were excluded as
they were delivered in groups combined with individual tutoring. For the interven-
tion implementer, 16 effect sizes for researcher, 9 for parent, 15 for teacher, and 5
for more than one type of implementer. Three studies with four effect sizes did not
report information about implementer. Twenty-three studies were published in peer-
reviewed journals, and 5 studies were unpublished postgraduates’ theses.

Based on the quality coding criteria, 16 of the included studies with high qual-
ity, 4 with acceptable quality, and 8 with low quality. The average rating scores of
essential and desirable quality indicators for each included study were reported in
Table S1 in the Appendix/Supplementary Information.
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Overall Effectiveness of Reading Interventions on Literacy Skills for Chinese
Children

We first conducted a meta-analysis that included all the studies to evaluate the over-
all effect of reading interventions on literacy skills for Chinese children. The results
of the log-likelihood-ratio tests showed that ¢%.,.;;=0.11, y %(1)=8.80, p<0.01 for
variance among effect sizes from the same study (i.e., within-study variance at level
2), and ¢%.,.;3=0.15, y %(1)=2.88, p<0.05 for variance among effect sizes from
different studies (i.e., between-study variance at level 3; also known as 72 in tradi-
tional meta-analytic method). These results suggested the existence of heterogeneity.
Therefore, the random effect model was used for computing the overall effects. The
forest plot (Fig. 2) was also constructed to verify heterogeneity visually. Meta-analy-
sis results showed that the effect size of the random effect model was 0.68 (95% CI,
0.48 to 0.89; p<0.001) with a SE of 0.10. This result indicates that the overall effect
of all interventions achieves a statistically significant improvement in literacy skills.
In other words, children who received interventions yielded more improvements in
literacy skills when compared to control groups.

Moderators for the Effectiveness of Reading Intervention

Since the heterogeneity was examined, we then conducted a series of meta-regres-
sion analyses to test the possible cause of heterogeneity statistically. These modera-
tors included intervention outcome, intervention method, intervention timing, par-
ticipant type, intervention form, and intervention implementer. Table 2 summarizes
the results of meta-regression analyses for the six moderators, including the omnibus
test, within-study variance (6°,,»), and between-study variance (6%.j3). Table 3
displays the effects of interventions under different categories of moderators.

Intervention Outcome

Two types of outcomes were classified as the intervention indicators: word reading
outcome (k=37) and word spelling outcome (k= 12). The test of the moderator sug-
gested that reading intervention effects marginally significantly differ by the type of
intervention outcome (F (1, 47)=3.95, p=0.05). Children’s word spelling (g=0.93;
SE=0.16; 95% CI, 0.61-1.26) received more benefits than reading (g=0.63;
SE=0.11; 95% CI, 0.40-0.86) from the existing interventions.

Intervention Method

The focus of the reading intervention was classified into six categories: phono-
logical (k=9), fluency (k=3), morphological (k=10), orthographic (k=7), work-
ing memory (k=35), and others (k=15). Test of moderator showed that the inter-
vention effects significantly differed depending on the intervention method, F (5,
43)=3.14, p<0.05. Interventions focus on training fluency (g=1.78; SE=0.33;
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Fig. 2 Forest plot of all effect sizes
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Tale2 Mo om0 i O 87 P P
study pool Intervention outcome F(1,47)=395 0.05 0.07 0.21
Intervention method F(5,43)=3.14 0.02 0.11 0.06
Intervention timing F(1,47)=1.11 030 0.11 0.15
Participant type F(1,47)=3.75 0.06 0.10 0.14
Intervention form F(1,44)=394 0.05 0.11 0.05
Intervention implementer F (3,41)=3.36 0.03 0.13 0.03
Table 3 Effects of reading intervention under different conditions
Condition k g SE t df 95% CI
Overall 49 0.68 0.10 6.68%** 48 [0.48, 0.89]
Intervention outcome
Reading 37 0.63 0.11 5.61 %% 47 [0.40, 0.86]
Spelling 12 0.93 0.16 5.75%%* 47 [0.61, 1.26]
Intervention method
Phonological 0.69 0.18 3.8 %* 43 [0.32, 1.05]
Fluency 3 1.78 0.33 5.37H%% 43 [1.11, 2.45]
Morphological 10 0.66 0.17 4.01 %% 43 [0.33, 1.00]
Orthographic 0.70 0.20 3.48+%* 43 [0.30, 1.11]
Working memory 5 0.80 0.27 3.00%* 43 [0.26, 1.34]
Others 15 0.39 0.14 2.85%%* 43 [0.11, 0.66]
Intervention timing
<9 years old 41 0.63 0.11 5.62%#:* 47 [0.40, 0.86]
>9 years old 8 0.90 0.24 3.84#54% 47 [0.43, 1.38]
Participant type
Dyslexia 23 0.87 0.14 6.17%%%* 47 [0.59, 1.16]
Typically developing 26 0.49 0.14 3.56%#* 47 [0.21, 0.77]
Intervention form
In groups 26 0.78 0.11 6.94 5% 44 [0.56, 1.01]
Individual tutoring 20 0.45 0.13 3,57k 44 [0.20, 0.70]
Intervention implementer
Researcher 16 0.85 0.15 5.90%#* 41 [0.56, 1.15]
Parent 9 0.27 0.18 1.54 41 [-0.08, 0.63]
Teacher 15 0.55 0.13 4.27%%* 41 [0.29,0.81]
Combined 5 1.11 0.27 4.097%#* 41 [0.56, 1.67]

*#p <0.01; ***p <0.001; SE standard error, CI confidence interval

95% CI, 1.11-2.45) was significantly more effective than other methods on improv-
ing children’s literacy skills. Morphological training (g=0.66; SE=0.17; 95% CI,
0.33-1.00), working memory training (g=0.80; SE=0.27; 95% CI, 0.26-1.34),
phonological training (g=0.69; SE=0.18; 95% CI, 0.32-1.05), and orthographic
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training (g=0.70; SE=0.20; 95% CI, 0.30-1.11) all showed significant and medium
effects on improving literacy skills. Other intervention methods as a whole also
showed a significant but small effect on literacy skills (g=0.39; SE=0.14; 95% CI,
0.11-0.66).

Intervention Timing

Intervention timing was categorized into two subgroups based on the mean age or
grade of children in the intervention group. One subgroup contained children below
9 years old or children in preschool to grade 3 (k=41); another subgroup had chil-
dren above 9 years old or children in grade 4 to grade 6 (k=38). Results showed
that the effect of intervention was not different depending on the intervention tim-
ing, F (1, 47)=1.11, p=0.30. Reading intervention had similar impact for children
with older ages (i.e., aged above 9; g=0.90; SE=0.24; 95% CI, 0.43-1.38) and with
younger ages (i.e., aged below 9; g=0.63; SE=0.11; 95% CI, 0.40-0.86).

Participant Type

Participants were identified as dyslexia (k=23) or typically developing children
(k=26). Meta-regression analysis showed that participant type was a marginally
significant moderator for intervention effect (F (1, 47)=3.75, p=0.06). Children
with dyslexia (g=0.87; SE=0.14; 95% CI, 0.59-1.16) could benefit from reading
interventions more than typically developing children (g=0.49; SE=0.14; 95% ClI,
0.21-0.77).

Intervention Form

Intervention form was classified as delivered in a group (k=26) or delivered indi-
vidually (k=20). Meta-regression analysis showed that intervention form was a
marginally significant moderator for intervention effect (F (1, 44)=3.94, p=0.05).
Interventions delivered in groups (g=0.78; SE=0.11; 95% CI, 0.56-1.01) seem to
be more effective than interventions delivered individually (g =0.45; SE=0.13; 95%
CI, 0.20-0.70).

Intervention Implementer

The intervention implementer was classified into four categories: researcher (k=16),
parent (k=9), teacher (k=15), and combined implementer (k=5). Test of moderator
showed that the intervention effects significantly differed depending on the inter-
vention implementer, F (3,41)=3.36, p <0.05. Interventions conducted by research-
ers (g=0.85; SE=0.15; 95% CI, 0.56-1.15) and combined implementers (g=1.11;
SE=0.27; 95% CI, 0.56-1.67) were significantly more effective than interventions
conducted by parents (g=0.27; SE=0.18; 95% CI, —0.08-0.63) on improving chil-
dren’s literacy skills. The effect size of interventions administered by parents did
not reach a significant level (p=0.13). The effect size of intervention conducted by
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teachers (g=0.55; SE=0.13; 95% CI, 0.29-0.81) reach a significant level, but it did
not significantly differ from other categories.

The method for moderator analyses in the present study was successfully used
by many previous three-level meta-analysis studies (e.g., Luo et al., 2023; Shi et al.,
2022). In the present study, four of the included studies had missing information on
the intervention form or implementer. These four studies will be omitted from model
fitting if all the moderators are put in one model when performing moderator analy-
sis. Other valid data in these studies could not be fully used. To fully utilize data
from the included studies, we performed a moderator analysis by putting participant
type, intervention timing, intervention method, and intervention outcome in one
model to further verify the above analyses. The result showed that the test of mod-
erators was significant (F (12, 31)=3.42, p <0.01; 6% uye1y=0.05, 6% 013 =0.00). The
intervention method (p<0.01), participant type (p<0.01), intervention outcome
(p <0.05) were still significant moderators after including all the moderators in one
model. Intervention timing (p=0.61) was still a not significant moderator. These
results support the single-moderator analysis and indicate that the single-moderator
analysis makes sense to some extent.

Publication Bias

A funnel plot (Fig. 3) was constructed to examine the publication bias. The figure
shows that most of the studies were distributed within the funnel symmetrically.
However, there were several studies outside the funnel. It indicated that a publica-
tion bias might exist. Therefore, Egger’s test was then performed to statistically test
the publication bias. The result showed that ¢ (47)=2.60, p=0.01, indicating pos-
sible existence of publication bias. Nevertheless, the fail-safe N of the present study
was 3913, which was larger than 5xk+ 10 (k=49 in the present study). The result
of fail-safe N indicated the publication bias was unlikely to affect the result.

Sensitivity Analysis

To further evaluate the impact of studies’ quality on the overall effect size, we con-
ducted a sensitivity analysis by excluding the low-quality studies. The result showed
a similar significant overall effect size as previous analysis (g=0.60; SE=0.10; 95%
CI, 0.39-0.81), indicating that our result is relatively robust. In addition, Egger’s
test showed no existence of publication bias after excluding low-quality studies (¢
(36)=1.69, p=0.10).

Discussion
This meta-analysis of 28 independent studies examined existing reading inter-
ventions for Chinese children with and without dyslexia. Overall, the inter-

ventions were effective, but the level of effectiveness varied depending on the
intervention method, participant type, intervention outcome, and intervention
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Fig. 3 Funnel plot of all effect sizes

settings. A statistically significant medium overall effect size was found for lit-
eracy skills (g =0.68). Meta-regression analyses examined all the different types
of interventions yielded significant effects on literacy skills. Training focused on
fluency (g=1.78) was more effective than other methods. Interventions focused
on training phonological, morphological, orthographic, and working memory
skills all showed medium effects on improving literacy skill (g=0.66-0.80).
Interventions showed equal efficacy for younger and older children. However,
children with dyslexia showed a tendency to gain more from reading interven-
tions than typical children did. Interventions tended to benefit word spelling
more than word reading. Interventions delivered in groups were more effective
than delivered individually. Interventions administered by researchers and com-
bined implementers had larger effects than by parents. These results suggest that
appropriate reading interventions can successfully improve reading and spelling
skills for Chinese children.
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What Is the Best Reading Intervention for Chinese Children?

The result of the present meta-analysis showed that reading interventions produce
overall positive efficacy for Chinese children. This result is consistent with find-
ings from meta-analyses on reading intervention effects in the alphabetic language
system (e.g., Wanzek et al., 2018). Some previous meta-analyses and systematic
reviews in alphabetic language systems have concluded that effective interventions
for most children involve explicit instructions and address different reading com-
ponents, such as phonological awareness and fluency (Barquero et al., 2014). Most
included studies in the present meta-analysis conducted explicit instruction to chil-
dren and focused on training specific linguistic or cognitive components during the
instruction. Reading is a multifaceted process involving multiple cognitive-linguistic
skills such as phonological sensitivity, morphological awareness, orthographic pro-
cessing, and fluency. Training studies focused on improving these skills have led to
improvements in literacy skills overall (McBride et al., 2018). Therefore, the overall
effectiveness was significant in the present study. However, the intervention efficacy
varied based on the type of intervention.

Fluency intervention was found to be more effective than other intervention meth-
ods. Fluency reflects the ability to connect the orthographic representations with the
corresponding phonological representations and to automate this connection. Some
researchers acknowledged reading fluency as a composite of critical cognitive pro-
cesses, including phonological, orthographical, and semantic processes (Horowitz-
Kraus & Finucane, 2016). There are several essential processes involved in fluency
training, for example, the attentional processes to the stimulus and the integration
of visual features and pattern information with stored orthographic representations
(Norton & Wolf, 2012; Wolf & Denckla, 2005). Fluency training might also improve
the ability to automatically retrieve orthographic representations of children. There-
fore, fluency intervention showed great effectiveness for Chinese literacy. It should
be noted that only two intervention studies (Gao et al., 2020; Wang, 2017b) with
three effect sizes used fluency training approaches to facilitate reading ability were
included in this meta-analysis. These inclusions might result in some bias for the flu-
ency intervention effect. Systematic reviews and meta-analyses in the alphabetic lan-
guage system also reported a very limited number of programs focused on fluency
(e.g., Jamshidifarsani et al., 2019). The difficulty of designing a fluency-based inter-
vention might result in the existing uncertainty about the effectiveness of the fluency
intervention approaches (Jamshidifarsani et al., 2019). Therefore, the result of flu-
ency training should be interpreted with caution. However, many previous studies
have found that fluency was a universal skill that predicted children’s literacy abil-
ity across writing systems (e.g., Moll et al., 2014). The training procedures in both
included studies required synchronization and integration across various processes.
Hence, it is likely that the large effect sizes reflected the actual effectiveness of flu-
ency training.

Morphological, working memory, phonological, and orthographic training
showed significant and medium effects on improving literacy skills. In addition,
their effects did not differ significantly with each other. Lexical compounding
training (e.g., Wang & McBride, 2017) and homophone training (e.g., Zhou et al.,
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2012) are two approaches commonly used in Chinese morphological intervention.
Direct instruction in the units of meaning and morphological structure of words
can help children determine the meaning of unfamiliar words and distinguish
different morphemes (Goodwin & Ahn, 2010). The morphological intervention
that has a prominent effect on literacy skills in Chinese children might be closely
related to the characteristics of Chinese script. Peng et al. (2017) proposed three
possible reasons for the influences of morphological awareness in Chinese read-
ing. First, the semantic radical in 80% of Chinese characters is directly linked to
meaning. Second, Chinese is relatively transparent semantically, and the complex
vocabulary can often be built by compounding morphemes. Third, there are many
homophones in Chinese. These three reasons can also be used to explain why
morphological intervention is effective for Chinese children. Based on these spe-
cial features of Chinese script, morphological intervention might be more effec-
tive for Chinese readers than readers in alphabetic languages. Our meta-analy-
sis found that morphological intervention had a moderate effect size (g =0.66),
which was larger than that found in the alphabetic language system (Goodwin
& Ahn, 2010). Goodwin & Ahn (2010) conducted a meta-analysis to investigate
the effect of morphological intervention for children with literacy difficulties in
the alphabetic language system. The result showed that the overall effect size
(d=0.33) of morphological intervention was small, although it reached statistical
significance. In addition, researchers suggested that the effectiveness of morpho-
logical intervention might be generated by remediating the phonological process-
ing challenges in alphabetic languages (Goodwin & Ahn, 2010). However, the
efficacy of morphological intervention is probably due to the particular morpho-
logical features contained in Chinese, which were mentioned above.

Reading relies on many primary executive and cognitive functions, including
memory (Horowitz-Kraus & Finucane, 2016). Several studies have found that work-
ing memory was a strong correlate of Chinese literacy skills (e.g., Mo et al., 2018).
The connections between Chinese characters and their corresponding pronunciations
are relatively arbitrary (e.g., Chan et al., 2006). Children are required to match the
character and pronunciation by rote memorization sometimes and retain these con-
nections in memory. During this process, working memory should play an impor-
tant role in storage and manipulation of the connections temporarily and repeated
practices lead these connections to become long-term memory. In addition, working
memory intervention often involves training the visuospatial aspect, which might
enhance children’s ability to attend to the positional information included in Chinese
characters. Therefore, working memory intervention shows promising efficacy in the
literacy skills of Chinese children. However, a meta-analysis in the alphabetic lan-
guage system found that the effect of interventions that teach memorization strate-
gies to improve spelling could not be confirmed (Galuschka et al., 2020). This result
is somewhat inconsistent with the present study. One main reason is that memo-
rization interventions included in Galuschka et al. (2020) were mainly strategies
that provided cues to help children memorize a word rather than directly trained the
memory ability. In contrast, studies included in the present study all directly trained
the working memory ability of children. Such training might improve the cognitive
functions of children, which in turn facilitate literacy skills.
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The phonological intervention was also found to be effective in Chinese literacy.
Making children sensitive to phonemes in Pinyin and syllables in characters/words
as well as lexical tones in characters enables them to grasp the pronunciations of
characters and helps them decode the characters and words effectively. Therefore,
phonological intervention is an effective intervention for improving the literacy
skills of Chinese children. However, it might not be the best choice for enhancing
literacy skills as it is in the alphabetic language system. Phonological intervention
method appeared to be not only the most frequently investigated treatment approach,
but also the most effective approach for reading acquisition in alphabetic languages
(e.g., Galuschka et al., 2014). Galuschka et al. (2014) conducted a meta-analysis to
examine the effectiveness of treatment approaches for children and adolescents with
reading disabilities. Their result found that only the efficacy of phonics instruction
was statistically confirmed; other methods, such as fluency training, did not signifi-
cantly affect reading and spelling. Phonological skills seem to dominate in literacy
acquisition in the alphabetic language system. Compared with alphabetic languages
that use letters as the writing unit, Chinese script has less obvious phonological cues
to facilitate word pronunciation. Learning to read and spell in Chinese depends less
on analyzing phonemes and other phonological units (McBride, 2016). Instead, Chi-
nese readers may rely more on the semantic cues contained in the characters/words
to learn to read. In addition, the phonological structure of Chinese is simpler than
that in alphabetic languages (e.g., Wong et al., 2012). Many studies have examined
the fact that phonological awareness significantly predicted English reading and
spelling but not Chinese reading and spelling (e.g., Ruan et al., 2023a). Phonolog-
ical skills are more directly correlated with literacy acquisition in alphabetic lan-
guages. Therefore, phonological intervention might have different extents of impor-
tance across the alphabetic language and Chinese systems.

The main focus of orthographic training procedures was the conventional rules
of Chinese characters. In particular, the training often emphasizes the strategies to
help children manipulate the orthographic components of characters and aware the
positional information of each component (e.g., Chen et al., 2015). The complexity
of Chinese characters requires learners to pay more attention to the details of the
characters’ structures. Orthographic training might arouse the awareness of children
to notice the components of characters and to understand how these components
build the characters. This procedure might enhance the memorization of Chinese
characters (Wang et al., 2004). Therefore, orthographic intervention seems to be a
particular way to improve Chinese literacy. Orthographic training is less commonly
used in alphabetic languages. One reason is that the alphabetic script is less visually
complex than the Chinese script. In the alphabetic language system, letters form a
word from left to right. In the Chinese system, characters are square-shaped, with
radicals placed in different parts. Therefore, Chinese characters can have various
structures, such as top-down structures (e.g., A8, means “miss”) and semi-enclosed
structures (e.g., J&, means “original”’). Hence, Chinese characters contained richer
orthographic information than alphabetic words. In addition, letter-sound corre-
spondence is an important aspect of teaching literacy in the alphabetic language sys-
tem. Training in letter-sound correspondence was found to be effective in improv-
ing reading and spelling performance in alphabetic languages (e.g., Galuschka &
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Schulte-Korne, 2016). However, the correspondences between characters and pro-
nunciation in Chinese are relatively arbitrary. Chinese readers should rely more
on the orthographic information contained in characters to learn to read and spell.
Therefore, orthographic training might be used more in Chinese than in alphabetic
languages.

Other intervention methods (e.g., temporal processing training) as a whole in the
present study also show a significant but small efficacy for Chinese literacy even
these methods received limited attention. This result indicates the potential of these
training methods in improving children’s literacy acquisition and calls for more
research in the future to further examine their effectiveness.

In summary, the present meta-analysis found that different types of reading inter-
ventions effectively improved Chinese children’s literacy performances. However,
some included studies involved more than one component in their interventions. We
coded the intervention method for these studies based on their main focuses or the
component that took the dominant proportion in the whole intervention. Success-
ful reading depends on the cooperation of a complex set of cognitive and linguis-
tic processes. Children need to master multiple skills in order to become competent
readers. Hence, intervention programs combining different types of methods may
be more effective than containing purely one type of method. A meta-analysis con-
ducted by Peng et al. (2024) investigated the effectiveness of reading comprehension
strategy for struggling readers found that no single method could produce the strong-
est effect. However, instruction of more strategies also did not necessarily have bet-
ter effects on reading comprehension (Peng et al., 2024). Hence, it is important for
future studies to explore the effects of multiple-component trainings and compared
them with single-component method for Chinese readers.

Who Profits More from Reading Interventions?

In this meta-analysis, we focused on two moderators associated with the charac-
teristics of participants. The first one is the participant type, which was classified
as children with dyslexia and typically developing children. Our result showed that
children with dyslexia could benefit more from interventions than typically develop-
ing children did. Children with dyslexia have a lower level of literacy achievement
before interventions. Therefore, they have more space to make progress on literacy
skills during interventions. In contrast, typically developing children might have
mastered literacy skills relatively well before interventions and additional interven-
tions might do little for these children to improve literacy skills. Moreover, the role
of intervention may decrease as typically developing children are more skilled and
better able to apply different strategies to learn word reading. This result is consist-
ent with some previous intervention meta-analyses. For example, a previous meta-
analysis was conducted to explore the effectiveness of phonemic awareness inter-
ventions for learners with different levels of reading proficiency in the alphabetic
language system (Ehri et al., 2001). The results showed that reading at-risk children
gained statistically more than typically developing children on reading outcomes
from interventions. Commonly, children with dyslexia manifest poorer performances
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on a series of literacy and cognitive-linguistic skills than their typically developing
peers (e.g., Peng et al., 2017; Ruan et al., 2023b). In addition, the dyslexic status
often persists throughout primary school unless effective interventions are provided
early (Wong et al., 2012). Therefore, it is anticipated that children with dyslexia will
likely need reading interventions to a greater extent than their typically developing
counterparts. Our result brings some hope to schools and families that have children
with dyslexia because children with dyslexia exhibit greater improvements in lit-
eracy skills following interventions compared to their typical peers.

The second moderator related to participants was intervention timing, represent-
ing the mean age of the group when children received the intervention. The present
study found that intervention timing was not a significant moderator for the inter-
vention effect. Meta-regression analysis suggested that older children appeared to
benefit similarly from interventions as younger children. This result is inconsistent
with several previous studies examining that younger children may profit more from
training programs (e.g., Bus & van IJzendoorn, 1999; Galuschka & Schulte-Korne,
2016). However, some other meta-analyses found that upper elementary and mid-
dle school students showed great gains from reading interventions (e.g., Scammacca
et al., 2015). The question of the right starting point for different types of instruc-
tion resulted in an ongoing theoretical debate in reading research (Galuschka et al.,
2020). It seems premature to conclude that younger children benefit more from read-
ing interventions than older children. Older children have more reading experiences
and might be able to understand and master the training materials more efficiently.
In contrast, the training materials and format used in research might not be attractive
enough for younger children who demand vivid and interesting content. Therefore,
we found that younger children gain similarly as older children from the intervention
in this meta-analysis.

Do Reading Interventions Have Different Effects on Word Reading and Word
Spelling?

The present study revealed that reading interventions improved word spelling
slightly more than word reading in Chinese children. A meta-analysis on the effect
of phonological awareness instructions for children in alphabetic languages found
that the intervention only improved reading but not spelling in disabled readers (Ehri
et al., 2001). This inconsistent result might remind us that different types of inter-
vention might affect reading and spelling differently. Dictation task is often used
to measure the spelling skill in Chinese literacy research (e.g., Ruan et al., 2023b).
Phonological intervention focusing mainly on speech sounds that might more impor-
tant for reading acquisition. In contrast, other types of trainings that require attention
to the script’s characteristics might be helpful for spelling acquisition. In the pre-
sent study, we combined different types of intervention and investigated the overall
effects for reading and spelling separately. Hence, we found the reading intervention
benefited spelling as well. Some other meta-analyses of treatment approaches for
children and adolescents with reading disabilities also reported that reading instruc-
tions could improve both reading and spelling performances (e.g., Galuschka &
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Schulte-Korne, 2016; Galuschka et al., 2014, 2020). Word reading and spelling are
closely correlated (e.g., Ruan et al., 2023b). Word reading and spelling acquisitions
share many common cognitive-linguistic correlates, such as orthographic and mor-
phological knowledge (Galuschka et al., 2020). Therefore, interventions that prove
effective for reading are likely to yield benefits for spelling and vice versa. In addi-
tion, word spelling is usually thought to be more difficult than word reading (Ruan
et al., 2023b). Hence, instructions on helping children’s literacy skills might benefit
more for the more difficult spelling process.

How Different Intervention Settings Affect the Efficacy of Intervention?

This meta-analysis focused on two moderators associated with the intervention set-
tings. The first one is the intervention form, which was classified as delivered in
groups and delivered individually. Our result showed that the effects of interventions
delivered in groups were greater than those provided individually. This result is con-
sistent with some previous meta-analysis studies in the alphabetic language system.
For example, Ehri et al.’s (2001) meta-analysis on phonemic awareness instruc-
tion showed that instruction was more effective when children were taught in small
groups than individually. The procedure and intensity of interventions are unified for
all children if the interventions are implemented in groups. In contrast, individual
instructions might cause some variability; for example, the attention and time paid
to each participant might be different. This might lead to unstable efficacy among
participants and a less effect when considering all participants’ results together. In
addition, training with other peers might increase the interest and fidelity of children
in the intervention. Although interventions delivered in a group seem more effective
than interventions delivered individually, the optimum size of the intervention group
still needs further exploration.

The second moderator related to participants was the intervention implementer,
which included researchers, teachers, and parents. The present study found that the
intervention implementer was a significant moderator for the intervention effect.
Meta-regression analyses suggested that interventions conducted by researchers,
teachers, or combined implementers produced more powerful effects than those per-
formed by parents. This result is consistent with the conclusions of several previous
systematic reviews suggesting that the interventions were effective when initiated
by teachers and researchers but not by parents (e.g., Galuschka & Schulte-Korne,
2016). Researchers and teachers are more knowledgeable in the cognitive processes
involved in word reading than parents. Researchers and teachers have often been
trained to understand literacy learning and reading difficulties and to master skills
to facilitate the literacy learning of school-aged children. Therefore, they were more
competent in preparing materials and following scientific procedures during the
intervention. In contrast, many parents are anxious to help their children acquire the
knowledge and skills needed to succeed in reading (Ehri et al., 2001). They are often
confused when facing misguided therapy and sharp business practices (Bogdanow-
icz et al., 2016).
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Limitations, Implications, and Future Directions

The findings presented in this study are limited by the available research literature
on reading interventions for Chinese children in preschool to primary school. The
present meta-analysis focused on randomized controlled experiments because this
design provides more robust scientific evidence supporting causal inferences about
the impact of reading intervention on literacy skills. One limitation of the present
study is that not all moderators were analyzed in the present study due to incomplete
information in some articles. In addition, we could not control all variations during
the meta-regression analyses due to the limited number of included studies and the
intention to fully utilize all valid data. However, our results reflect the general pat-
terns of intervention effects depending on the six different moderators. The results
still provide implications for developing appropriate interventions for improving
the literacy skills of Chinese children with and without dyslexia. Another limita-
tion is that character reading was used to represent the word reading ability in some
included studies during the analysis. Some researcher suggests that word reading
and character reading are likely to be two distinct processes (e.g., Pan et al., 2021).
Therefore, different interventions might have various effects on these two abilities.
For example, orthographic training that focuses more on the structure of characters
might help more with character recognition, and morphological training could help
more with word reading. However, word reading and character reading have high
correlations with each other (e.g., Ruan et al., 2023b). A single Chinese character
could be a word as well. Character reading might still reflect a general level of word-
reading ability of children. The third limitation is that the inter-coder reliability for
the screening of titles and abstracts could not be calculated in the present study.
Despite the rigorous screening procedure employed in this meta-analysis study, it
is still important to acknowledge the absence of inter-coder reliability calculation
for the screening of titles and abstracts. A series of measures were taken in the pre-
sent study to minimize potential bias. These measures included providing detailed
screening guidelines, conducting regular meetings among coders to discuss ambigu-
ous cases, and only those significantly unrelated papers were excluded in this stage.
While mindful of the limitations, this study represents the first meta-analysis to
systematically examine the efficacy of existing reading interventions for Chinese
children with and without dyslexia. The period of preschool to primary grades is
particularly important because many reading difficulties can be prevented if chil-
dren are provided with appropriate reading interventions (Wanzek et al., 2018).
Efforts to enhance literacy outcomes for Chinese children, both with and with-
out dyslexia, have only been underway for a few decades. The present study sug-
gests that the current existing reading interventions are generally effective ways
to improve Chinese children’s literacy outcomes. Therefore, classroom instruction
and remediation efforts might benefit from including different types of evidence-
based instructional strategies as part of their teaching. For example, teachers might
incorporate activities on training fluency, morphological awareness, and work-
ing memory in the class to facilitate the teaching of Chinese literacy. In addition,
the present study showed that children with dyslexia benefit more than typically
developing children from interventions. Interventions for dyslexia might require
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special arrangements (e.g., Bogdanowicz et al., 2016). For example, children with
dyslexia may need more direct instruction and more intensive teaching. Design-
ing proper training materials and formats according to participants’ characteristics
might help increase the intervention effect.

There are many directions that research can investigate further in the future.
We provide some main directions here. First, exploring other potential modera-
tors for the effectiveness of reading interventions for Chinese children will be
necessary. For example, the duration of the training and intervention fidelity were
found to have some influences on the intervention effect (e.g., Ehri et al., 2001).
Second, investigating the long-term effects of reading interventions can help
us better understand the efficacy of different trainings. The present study only
focused on the immediate effects of reading interventions. It is possible that the
positive effects immediately after the instructions might diminish or disappear
with time development. Therefore, knowing how to keep a lasting intervention
effect is essential. Third, examining the transfer effects of basic reading interven-
tions on higher-level reading (e.g., reading comprehension) and writing (e.g., dis-
course) abilities will have significant implications for reading education in school
settings for children in high grades. Finally, considering the influence of bilin-
gual/multilingual issues on the effectiveness of reading intervention might also
be essential in future studies. Some previous studies have examined bilinguals,
monolingual typical readers, and children with reading disabilities showed dif-
ferent profiles of reading skills (e.g., Bonifacci & Tobia, 2016; Bonifacci et al.,
2017). For example, bilingual language-minority children who learned English
as a foreign language performed similarly to Italian monolingual typical readers
in English literacy tasks but not in Italian literacy tasks; children with dyslexia
performed more poorly on literacy tasks of both languages than typical readers
(Bonifacci et al., 2017). Hence, comparing the patterns of responding to inter-
ventions across children with various language backgrounds will provide a com-
prehensive understanding of the influence of participant type on interventions’
effects. Nevertheless, the prerequisite of these directions is a sufficient number
of Chinese reading intervention studies with rigorous design. There are still not
enough strictly designed intervention studies conducted on Chinese children.
Therefore, more research is needed to examine the efficacy of different reading
interventions for Chinese children. In addition, quasi-experimental studies with
high quality might be considered in future meta-analysis research to increase the
analysis power.
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