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Abstract

Purpose: Reading difficulty (RD) affects 5-10% of the population across languages
(Wagner in J Learn Disabil 53(5), 354-365, 2020). However, only a few studies have
focused on developing effective interventions for Chinese children with RD. Both
the phonological deficit and morphological deficit hypotheses have been proposed
to explain the underlying cognitive cores of RD in Chinese, with limited research
directly comparing the interventions targeting these skills. Method: In the current
study, we designed and directly compared a phonological and a morphological train-
ing program in improving reading for Chinese children with RD. The phonological
training program addressed phonological awareness and conversion from orthogra-
phy to phonology, while the morphological training addressed morphological aware-
ness and conversion from orthography to meaning. Sixty-two fifth-grade students
with RD were randomly assigned to the phonological, morphological intervention,
or a business-as-usual (BAU) group. Results: Both the phonological training (PT)
and the morphological training (MT) improved sentence reading fluency, character
naming, one-minute irregular character naming, and phonological awareness com-
pared to the BAU group. Furthermore, we found that responsiveness to the PT was
negatively correlated with phonological awareness and maternal education, while
responsiveness to the MT was positively correlated with rapid automatized naming
(RAN) skills. Conclusion: The phonological training and the morphological training
had similar effectiveness in promoting reading in Chinese children with RD, which
provides important insights into reading intervention for Chinese RD.
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Introduction
Reading difficulty in Chinese

Reading is a primary way for people to acquire knowledge. However, around 5-10%
of the population, across languages, struggles to achieve fluent reading, despite
adequate intelligence, learning opportunities, and motivation (Wagner et al., 2020).
Individuals with RD show significant impairments in word recognition and read-
ing fluency, as well as in various cognitive-linguistic processes such as phonologi-
cal awareness, morphological awareness, visual-orthographic processing, working
memory, and rapid naming (see Peng et al., 2017, for a meta-analysis). Fortunately,
research has shown that early and effective interventions can make a significant dif-
ference in reading development in individuals with RD (Carlisle, 2010; Gustafson
et al., 2007; Snowling & Hulme, 2012; Vaughn et al., 2010; Wanzek et al., 2018).
However, previous interventions have been developed in English or other alphabetic
languages, and very few have targeted Chinese children with RD. Therefore, it is
sorely needed to understand what training would be the most effective for Chinese
children with RD.

Phonological deficits and phonological training

The phonological deficit hypothesis is one of the most influential theories about
RD both in alphabetic languages (Goswami, 2000; Snowling, 1998; Vellutino et al.,
2004), and in non-alphabetic languages such as Chinese (Cheng et al., 2021; Ho
et al., 2000; Wang et al., 2021). In this hypothesis, deficits in representing, access-
ing, or manipulating sound cause difficulties in developing print-sound correspond-
ence (Anthony & Francis, 2005; Castles & Friedmann, 2014). The phonological
deficit hypothesis also has a great impact on reading intervention studies, and most
reading intervention programs have an emphasis on phonological skills in alphabetic
languages. These intervention programs typically include training on letter-sound
knowledge, grapheme-phoneme correspondence rules, in addition to phonemic
awareness, such as blending, segmenting, and phoneme manipulation (Schuele &
Boudreau, 2008). There is evidence that English-speaking children who have RD
or are at risk of RD benefit from phonologically-based training, especially in pho-
nological decoding and phonological awareness (Lovett et al., 2000; Snowling &
Hulme, 2012). However, phonologically-based training appears to have a mild effec-
tiveness on more difficult reading tasks such as exception word reading, vocabulary,
reading fluency, and reading comprehension (Lovett et al., 1994; O’Shaughnessy &
Swanson, 2000; Suggate, 2016). There is also great variability in the responsiveness
to phonologically-based interventions in individuals with RD (Romeo et al., 2018).
In Chinese, phonological awareness is also strongly correlated with Chinese
character reading (Shu et al., 2008). Chinese children with RD show poor phono-
logical skills, such as categorical perception of speech sounds (Zhang et al., 2012),
lexical tone identification and rime detection (Li & Ho, 2011; Wang et al., 2017). In
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addition, children with RD show reduced use of phonetic radicals as a cue in orthog-
raphy-to-pronunciation mapping (Ho et al., 2006; Li et al., 2022).

However, studies also suggest language differences in terms of the role that pho-
nological skills play in reading acquisition. For example, a longitudinal study sug-
gests that phonological skill only plays an essential role in the early years of reading
and spelling in Chinese, while morphological skills are more critical for higher-level
literacy skills, such as reading comprehension and reading fluency (Pan et al., 2016).
The reduced importance of phonological skills in Chinese reading compared to
alphabetic reading may be due to some special characteristics of the Chinese writ-
ing system. Chinese is a morpho-syllabic system rather than an alphabetic system,
in which a character represents a morpheme and a syllable. There is no part of a
character that corresponds to a phoneme; instead, the whole character maps to the
whole syllable. Therefore, the morpho-syllabic nature and the fact that there are
many homophones in Chinese encourage the direct mapping between orthography
and semantics during Chinese reading. This may be why morphological skills play a
bigger role in later reading development than phonological skills.

Reading intervention studies have been sparse in Chinese. There have been a few
studies that have examined the effectiveness of phonological intervention in Chinese
children (Ho & Ma, 1999; Li et al., 2020; Wang, 2017; Wang et al., 2021), most of
which have found a positive effect. However, in these studies, phonological interven-
tion is often combined with other interventions, which makes it hard to disentan-
gle the unique effectiveness of phonological intervention. For example, Wang et al.
(2017) conducted a three-week training which combined phonological awareness
training and character instruction in third- to sixth-grade Chinese children with dys-
lexia or at risk of dyslexia. During phonological awareness training, children learned
to separate the onset and rime in a syllable (syllable analysis) and to combine an
onset and a rime to form a new syllable (phoneme synthesis). Character instruction
was conducted by using famous songs to teach target characters. The results showed
that children who received training improved more than controls on character read-
ing, onset awareness, rime awareness, and rapid naming (Wang et al., 2017). In
another study, researchers found that meta-linguistic training, but not working mem-
ory training improved syllable representations in addition to word reading in second
and third-grade elementary school children with dyslexia (Wang et al., 2021). In the
meta-linguistic training, radicals were highlighted with different colors, and children
learned the function of phonetic and semantic radicals in relation to the pronuncia-
tion and meaning. Therefore, both phonological training and morphological training
were included in the meta-lingusitic training. In addition, Li et al. (2020) examined
the effect of a 3-week Pinyin GraphoGame delivered via tablet to first-grade poor
Pinyin readers from disadvantaged migrant families in China. The training group
significantly outperformed a control group in Pinyin reading accuracy and fluency,
phonological awareness (e.g. rime and phoneme deletion) and Chinese charac-
ter recognition. Pinyin is a regular alphabetic system that indicates the sound of a
character. Pinyin serves as the bridge between speech and written characters. Previ-
ous research has suggested that Pinyin knowledge is closely related to phonologi-
cal awareness and learning Pinyin facilitates phonological awareness and character
recognition (Lin et al., 2020; Ping et al., 2006; Shu et al., 2008). Taken together, the
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study by Lin et al. (2020) seems to suggest that Pinyin learning is a plausible way of
improving phonological awareness and character reading.

Morphological deficits and morphological training

Reading is a complex task involving multifaceted processes. The phonological defi-
cit hypothesis alone cannot fully explain the causes of RD in all cases (Carroll et al.,
2016; Castles & Friedmann, 2014; Pennington et al., 2012), especially considering
the language differences. Research suggested that deficits in morphological aware-
ness, rather than phonological awareness, consititue the core deficits in Chinese
dyslexic children (McBride et al., 2018; Shu et al., 2006), probably because of the
non-alphabetic nature of the Chinese writing system. Several studies have directly
compared the predictive power of phonological and morphological awareness for
reading outcomes in Chinese and English. A meta-analysis by Ruan et al. (2018)
found that morphological awareness had a stronger effect on reading in Chinese than
in English, while phonological awareness showed the opposite pattern. Similarly,
some longitudinal studies have shown that early morphological awareness is a bet-
ter predictor than phonological awareness of later Chinese character reading, spell-
ing, and vocabulary knowledge (Lin et al., 2019; McBride-Chang et al., 2006; Tong
et al., 2017).

Morphological awareness is the ability to analyze and manipulate morphemes,
the smallest semantic units in a language. As children start to learn the mapping
between word form and meaning, their morphological awareness develops (Carlisle,
2010). Unlike English, Chinese does not employ inflectional or derivational mor-
phemes to mark grammatical and semantic changes. Both grammatical and semantic
information are conveyed by single characters because each character represents a
morpheme in Chinese (Taft & Zhu, 1995).

Chinese morphological processing takes place at both the character level and the
sub-character (radical) level. At the character level, morphological awareness can
be tested in homophonic morpheme awareness, homographic morpheme awareness,
and word compounding. There are many homophones in Chinese, which are differ-
ent characters sharing the same sound with different meanings (Liu et al., 2013). For
example, eyebrow (J&), coal (}), without (%), media (%), rose (), and berry (
%) share the same sound /méi/, but they are different characters and have differ-
ent meanings. When hearing the sound /méi/, Chinese speakers must use context
to decide which morpheme it is. Moreover, the same morpheme may have different
meanings in different contexts, and this is called homographic morpheme aware-
ness (Cheng et al., 2016). For instance, the character “35” (/qin/) means “parent”,
“dear”, “kiss”, “intimate”, or “close” depending on the context. Lastly, morphemes
can be combined to make up compounding words (McBride-Chang et al., 2008).
Compounding is a productive and common way to create new words. For example,
“zebra” (B Z/ban mi/) is formed by combining “stripe” (¥/ban/) and “horse” (L/
ma/).

At the radical level, morphological awareness refers to the awareness of seman-
tic radicals, which provide clues to the meaning of the character to some degree.
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In Chinese, transparent characters have semantic overlap with the semantic radi-
cal, whether it be the same meaning (e.g., ¥ /hai/, children and ¥ /zi/, children),
belonging to the same category (e.g., & /1éi/ thunder and Fy/yU/, rain), or carrying
a directly related meaning (e.g., ¥ /hd/, lake and “7 > /shui/, water). Conversely,
opaque characters have unrelated meanings to their semantic radicals (e.g., £k /mo/
silent and £&/h&i/, black). Less than one-tenth of characters taught in elementary
school are opaque in Chinese (Shu et al., 2003). Therefore, children benefit from
transparent semantic radicals in deriving the meaning of characters.

Previous research on morphological intervention in English speakers with RD
has shown a significant effect on phonological and morphological awareness, as well
as on literacy outcomes including vocabulary, reading comprehension, and spell-
ing but not reading fluency and decoding (see Goodwin & Ahn, 2010 for a meta-
analysis). In Chinese, a few studies have demonstrated the effectiveness of mor-
phological training in typically developing Chinese readers (Packard et al., 2006;
Wau et al., 2009; Zhou et al., 2012) but no research has been conducted on Chinese
children with RD. In the study by Zhou et al. (2012), morphological instruction
was conducted at the character level, and it was found that compound word train-
ing improved character recognition and vocabulary comprehension, and homo-
phone training was related to vocabulary comprehension enhancement. Packard
et al. (2006) conducted a morphological instruction study at the sub-character level,
and they found that 144 Chinese first graders whose reading was in a normal range
showed improvement in character writing and copying after receiving orthographic
and morphological structure training and compound word awareness instruction.
Another study that delivered morphological training at both the character and sub-
character level further suggests the effectiveness of morphological training by show-
ing that children who received a 2-year morphological enhanced curriculum in first
and second grade (6-7 years) outperformed children who received a standard curric-
ulum in morphological awareness and various literacy measures, including vocabu-
lary, reading fluency, pseudocharacter correction, reading comprehension, and new
word interpretation (Wu et al., 2009).

There is only one Chinese study that has directly compared the effectiveness of
phonological intervention and morphological intervention among typically devel-
oping children. Zhou et al. (2012) found that phonological awareness training did
improve children’s phonological awareness, but it was less effective in facilitating
children’s character recognition and vocabulary knowledge than morphological
training in 88 kindergarteners in Hong Kong. There are two key differences in peda-
gogy and language/script between the studies conducted in Hong Kong and the cur-
rent study. First, in Hong Kong, Pinyin is not used as a phonetic system, whereas
in mainland China, children learn characters with the aid of Pinyin in early grades.
This difference may lead to the expectation that in Hong Kong, a phonological train-
ing may be less effective for reading than it is in Mainland China, because Pinyin
is actually an effective visual aid in phonological training. The second difference
between Hong Kong and mainland China is the use of traditional versus simplified
Chinese characters. Traditional Chinese characters, used in Hong Kong, are more
complex in their visual configuration than the simplified characters used in mainland
China. This difference may encourage greater emphasis on spelling and orthography

@ Springer



L.Shen et al.

for intervention programs in Hong Kong. Moreover, the traditional Chinese charac-
ters maintain a more complete and systematic mapping between orthography and
semantics; therefore, they may also benefit more from morphological intervention.
It is important to note that no morphological intervention studies to date have tar-
geted Chinese children with RD. Moreover, the existing reading intervention studies
in Chinese were mostly conducted in Hong Kong (Ho & Ma, 1999; Wang, 2017,
Zhou et al., 2012), where children learn traditional Chinese characters through the
look-and-say method (Wang, 2017). In mainland China, however, children learn
simplified Chinese characters with the help of Pinyin; therefore, one might expect
different influences of phonological training on reading when Pinyin is taught for
children from mainland China than those from Hong Kong. In sum, research on
reading intervention in Chinese RD is still sparse, and more research is needed to
understand what phonological and morphological training can improve, respectively.

Responsiveness to reading interventions

There is variability in the responsiveness to reading intervention, and it is important
for researchers and educators to understand what factors influence responsiveness
to different kinds of interventions. However, few studies have addressed this issue
in Chinese children with RD. Previous studies in alphabetical languages have not
reached a consensus either.

Some studies suggest that children with better baseline skills show greater
improvement following intervention. For example, Saine et al. (2010) found that
higher pre-training phonological awareness, letter knowledge and RAN ability pre-
dicted better word-level reading fluency following intervention. Similarly, Torgesen
et al. (1999) found that higher phonological naming, parents’ education and occupa-
tions, and behavior rating predicted higher growth of word identification. A recent
study also found that higher phonological memory in pretest predicts greater growth
of reading and spelling outcomes (Uyar et al., 2023). On the other hand, children
who do not respond to interventions tend to be those with low socioeconomic sta-
tus (SES), poor attention, poor behavior control, or severe phonological deficits (Al
Otaiba & Fuchs, 2006; Snowling & Hulme, 2011; Torgesen et al., 2001). Therefore,
some researchers concluded that intervention should focus on strengths rather than
weakness (Simos et al., 2002). For instance, children with poor phonological pro-
cessing recognize words based on semantics or orthographic cues (Fiorello et al.,
2006). In this case, the intervention should focus on children’s strengths such as
orthographic ability, rather than weakness (i.e. phonological ability).

However, evidence also suggests the opposite. Foorman et al. (1998) found that
children with poor phonological ability before training had the most improvement
in word recognition following direct instruction. There is also evidence that phono-
logical intervention is helpful for Chinese dyslexic children with poor phonologi-
cal skills (Ho & Ma, 1999; Wang, 2017). A recent study further found that lower
SES and phonological awareness before the intervention predicted greater respon-
siveness in a phonologically-based intervention (Romeo et al., 2018). In the present
study, we measured multiple home background, linguistic and cognitive skills in the
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pretest in order to examine what variables predict responsiveness to different kinds
of interventions.

Research aims and hypothesis

There is an on-going theoretical debate regarding the importance of phonological
and morphological skills in Chinese reading acquisition and disorders. Intervention
studies would help understand the roles each of them plays in Chinese reading, but
no rigorous studies have examined this issue in Chinese children with RD. There-
fore, our study aims to fill the gap in understanding how phonological and mor-
phological interventions might contribute differently to reading improvement among
Chinese children with RD. We expected that both types of training would be effec-
tive in improving character reading, but phonological and morphological training
would have different effects on meta-linguistic skills.

We also planned to examine what variables would predict responsiveness to dif-
ferent interventions. We expected that low SES would predict greater responsive-
ness in general, because children from low SES families have limited opportuni-
ties to develop reading. With our interventions, they should show a relatively large
improvement. We hypothesized that different skills may predict responsiveness to
the phonological intervention and morphological intervention.

Method

This study is under a parent study investigating changes in the brain and behavior
following reading intervention in Chinese children with RD. The parent study aims
to understand the neural plasticity associated with specific reading interventions.

Participants

We recruited fifth-grade children in three public elementary schools in urban areas
of Guangdong Province, China. Children with RD met the following three criteria:
(1) scored above 80 on Raven’s Standard Progressive Matrices (Raven, 1958), indi-
cating no intellectual disability; (2) scored below 1.5 standard deviations on either
a Sentence Reading Fluency test or a Character Naming test (norms of these tests
were developed in previous studies; Song et al., 2015; Xue et al., 2013); (3) did
not have Autism Spectrum Disorder, Attention Deficit Hyperactivity Disorder, stut-
tering or other psychiatric and neurological conditions. Typically developing (TD)
children met the following criteria: (1) scored above 80 on Raven and (2) scored
above -1 standard deviation on both the Sentence Reading Fluency test and Char-
acter Naming test. Sixty-two children with RD and 52 typical children were qual-
ified and participated in the study. All participants were native Chinese speakers,
and none of them had received reading interventions before. Parents signed written
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consent before children participated in the screening tests. The IRB committee at the
local university approved the current study.

After the pre-test, the 62 fifth-graders with RD (M=11.12 years, SD=0.45; 18
girls and 44 boys) were then randomly allocated to one of the three groups: a pho-
nological training group (N=22; M=11.27 years, SD=0.42; 5 girls and 17 boys),
a morphological training group (N=22; M=11.05 years, SD=0.36; 7 girls and 15
boys) and a business-as-usual group (BAU; N=18; M=11.04 years, SD=0.54, 6
girls and 12 boys). The 52 age-matched TD children (M =11.34 years, SD=0.37;
34 girls and 18 boys) only participated in the pretest of the current study. The BAU
group received intervention after the completion of the study.

Measures

The screening was conducted at the end of the school year. Chinese reading and met-
alinguistic skills were measured in pretest and post-test. The pretest was conducted
one month before the intervention, and the post-test was conducted three months
after the intervention. All test were administered face-to-face in schools. Nonverbal
intelligence and cognitive skills, which do not change within a short period of time,
were measured only before the intervention. Trained graduate research assistants
who were blind to the treatment conditions administered the assessments.

Nonverbal intelligence

Raven’s standard progressive matrices (II) (Raven, 1958) was used to assess chil-
dren’s nonverbal intelligence. This test was measured in a group format in the
screening phase.

Chinese reading and writing

Sentence reading fluency. Participants were asked to read and judge whether sen-
tences were true or false in meaning within 3 min. There were 100 sentences alto-
gether, sorted from short to long in length. Each sentence described a commonsense
scenario using familiar characters. For example, “ 0 M\ P12 (Sun rises from
the west) was a false statement, and “38-F 2> K> (Sparrows can fly) was a true one.
The final score was obtained by counting the number of characters in the correctly
judged sentences. This test was administered in a group format in students’ class-
room (split-half reliability r=0.97, Song et al., 2015; test-retest reliability r=0.79).
Test—retest reliability was assessed for each test by administering the tests to typi-
cally developing children in the parent study with 3 months apart. The Pearson
correlation coefficient between pretest and post-test scores served as a measure of
test-retest reliability.

Character naming: This test was used to measure character decoding accuracy.
Participants were asked to name 150 Chinese characters ranging from easy to dif-
ficult without time limit. The total number of correctly recognized characters was
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counted. The split-half reliability of this test was 0.97 (Song et al., 2015). This test
was administered individually (test—retest reliability =0.98).

One-minute character reading: This test was used to measure character decod-
ing fluency. It contained two subsets: regular character naming (test—retest reliabil-
ity r=0.85) and irregular character naming (test—retest reliability r=0.89). Regular
characters are those that share the pronunciation of their phonetic radicals, includ-
ing onset, rime and tone. Irregular characters are those that have different pronun-
ciations from their phonetic radicals, for instance, ¥ /cai/ (guess). Participants were
asked to read characters aloud as accurately and quickly as they could within one
minute for each subset. The final scores were the number of characters correctly
named. This test was administered individually.

One-minute sentence reading fluency: This test was a shortened version of the
Sentence Reading Fluency assessment designed to monitor students’ weekly pro-
gress. The test employed parallel forms with equivalent difficulty levels to ensure
consistent measurement across administrations. During the intervention period,
participants in both the PT and MT groups completed this test every Friday. The
task required students to read a series of sentences and judge whether they are true
or false within a one-minute time limit. The final score was obtained by counting
the number of characters in the correctly judged sentences. Different materials were
used in each week’s test.

Meta-linguistic awareness

Phonological awareness: Initial sound deletion (test—retest reliability r=0.81). Par-
ticipants listened to a word first and then were instructed to delete the first consonant
of the word and say the rest of the word. For example, “table” /teibl/ should be /eibl/
after deleting the initial sound. This task consisted of 30 items. Rhyming Judgment
(test—retest reliability r=0.56). Participants listened to a pair of pseudowords first
and then judged whether they rhymed or not. This task consisted of 40 items. These
two tests were administered individually, and students needed to complete all items.

Morphological awareness: Homophonic Morpheme (test-retest reliability
r=0.65). Participants were asked to choose the correct character among four homo-
phones to make a compound word. For example, the participant should choose “A
L (/mi/ admire)” from “A%E (/ml/ admire), B%: (/ml/ curtain), C £ (/mi/ dusk),
D % (/mi/ collect)” to fill in the blank of the compound word “3 () which means
envy. Homographic morpheme (test—retest reliability r=0.62). Participants were
asked to judge whether the same character has different meanings in different com-
pound words. For example, participants were asked to tell whether “¥ (/1i/)” in “i&
FH (/dao 1i/ principle)” and “FE<> (/Ii hui/ pay attention to)” have the same meaning
or not. These two tests were administered in a group format. Each task consisted of
30 items, and students needed to complete all items.

Cognitive tests

Working memory: Verbal Digit Span. This test was adapted from the Wechsler
Adult Intelligence Scale version IV (Wechsler, 2008). Participants were required to
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repeat the sequence of digits they just heard, forward or backward. The test stopped
when a participant answered incorrectly three times in a row at a certain sequence
length. The test-retest reliability for the forward digit span was 0.769 and for the
backward digit spanwas 0.642.

Rapid automatized naming (RAN): Digit Rapid Naming (test—retest reliability
r=0.93). In this test, participants were required to name numbers printed on an A4
sheet as fast as they could. The time used to name all numbers was documented.
Picture Rapid Naming (test—retest reliability r=0.83). In this test, 50 pictures of
everyday items were presented on an A4 sheet. The procedure was identical to num-
ber naming. These two tests were administered individually.

Intervention

The training lasted for four consecutive weeks during summer break, with a 45-min
training session every day, five days a week. This dosage was chosen to strike a
balance between several key factors: (1) Intervention efficacy: The daily sessions
over a month-long period were intended to provide sufficient exposure and prac-
tice to effect meaningful change in reading skills. (2) Practical constraints: The
4-week duration fit within a typical school summer schedule, minimizing disrup-
tion to participants’ regular academic routines. (3) Student engagement: The daily,
focused sessions were designed to maintain student interest and motivation through-
out the intervention period. (4) Content coverage: The chosen duration allowed us to
adequately address all key components of each intervention type (phonological and
morphological), ensuring comprehensive coverage of the intended material. By con-
sidering these factors, we aimed to maximize the potential impact of the interven-
tion while ensuring its feasibility within the constraints of the educational setting.

The intervention was executed by four highly-trained graduate research assistants,
each receiving two days of preparatory training. The intervention was conducted vir-
tually using the Voov meeting platform during the COVID-19 pandemic in a class-
room setting. Each classroom had around 20 students and two teachers. The lead
teacher delivered lectures while a teacher assistant managed the online setting and
addressed students’ inquiries. At least one parent was required to sit next to the child
during the intervention to ensure fidelity. Children were required to do homework
after each day’s training, which lasted for about 20 min, and individual feedback
was provided. One-on-one and small-group supplemental instruction was provided
based on students’ performance in class and homework quality. A review session
took place every Friday. Materials in the intervention programs were different from
the testing materials. The BAU group received reading instruction after the comple-
tion of the study.

Phonological training
The phonological training included phoneme discrimination, phonological aware-

ness, and phonetic radicals in every session. An example lesson plan is presented in
Supplementary Material 1.
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Phoneme discrimination: Several activities were designed for this part of train-
ing. For example, children listened to two sounds (consonants or vowels) and judged
whether they were the same or not. Another activity was to listen to a sound and
select it from two phonemes they heard afterward.

Phoneme manipulation: Activities included phoneme blending, segmentation,
and manipulation. The phonemes selected for training were all frequent onsets and
rimes in elementary Chinese language arts class. For example, in phoneme blend-
ing, children were asked to combine /ch/ and /an/ and then say /chiin/. In phoneme
segmentation, when children were asked to delete the initial consonant of /xiang/,
they should say /iang4/. In phoneme manipulation, children were asked to switch the
initial consonant of two characters. For instance, /cui/ and /dai/ should be converted
to /dui/and /cai/. We used Pinyin as a visual aid in teaching phonological awareness.

Chinese phonetic radicals and phonetic knowledge: This section was designed
to explicitly teach the connection between phonology and orthography. There are
regular, semiregular, and irregular characters in Chinese. Phonetic radicals provide
full or partial clues to the pronunciation of the characters. Children learned two to
three phonetic radical families every day. They were taught that characters sharing
a phonetic radical might have similar or different pronunciations. Here are some
examples of characters that share the phonetic radical "% /qing/ (teal)", illustrat-
ing various degrees of phonetic regularity in Chinese characters. Regular characters
maintain identical pronunciation to their phonetic radical. For instance, "i#/qing/
(clear)" is pronounced exactly the same as "#". Semi-regular characters partially
resemble the pronunciation of their phonetic radical. This partial similarity can man-
ifest in three ways: they may share the same onset and rime but differ in tone, as in
"i&/qing/(sunny)"; they may share the same onset but have a different rime, as in "
& /qian/ (pretty)"; or they may share the same rime but have a different onset, as
in "li§/jing/(eye)". Irregular characters, on the other hand, have pronunciations that

completely diverge from their phonetic radical, as in "J&/cai/ (guess)".
Morphological training

The morphological training included four parts in the daily session: homophones,
homographs, compound word structure, and semantic radicals. An example lesson
plan is presented in Supplementary Material 2.

Homophones. For instance, “/2 (morning)”, “f (old)*, “Ui(heavy)”, and “4>
:ash)” are all pronounced /chén/. Children were taught the orthography and meaning
of each character in a homophone family. Children were asked to write down more
characters with the same pronunciation and to make a word using each homophone.

Homographs: One Chinese character usually conveys multiple meanings
depending on which compound word it is in. In our training, first, children needed
to think about whether a character has the same meaning in two different words. For
example, “Ji¥ /fang/” in “BEJ /shi fang/ (be set free)” and “f7Ji{ /ctin fang/ (store)”.
Second, the trainer explained the meaning of the character in these two words. “Ji¥ /
fang/” means “let go” in “FJi” and “place something somewhere” in “f7Ji”. After
that, children were asked to form new words for each meaning, for example, “Ji{F
/fang shou/(let go)” for “let go”, and “J & /fang zhi/(put)” for “place something
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somewhere”. Then children were encouraged to think about all possible different
meanings of this character.

Compound word structure: Children learned how compound words are com-
posed in different ways. They first learned the rules of composing compound words
and then learned to create compound words following those rules. For example,
subject-predicate compounds (4 (age) # (young) /ni4n qing/, young), verb-object
compounds ("Z(eat) ¥R (meal) /chi fan/, eat), modifier-head compounds (K (big) i
(sea) /da hai/, ocean), verb-resultative compounds (¥ (push)®) (upside down) /tul
fan/, overturn), and parallel compounds (JT(on) J<(off) /kal guan/, switch). Children
had chances to learn all these different kinds of compound words.

Chinese semantic radicals and semantic knowledge: Children learned charac-
ters with a shared semantic radical and the overlap of their meanings. For instance,
characters containing “i ” such as “i£ (/dd/read), ¥ (/ping/ comment), B (/yi/ dis-
cuss), ¥ (/lun/ argue), #f (/qian/ modest), 1] (/ci/ word), 11 (/ji/ calculate)” are
mostly related to speaking and verbal-related behaviors. These characters are trans-
parent characters because their meanings are related to the semantic radical. Chil-
dren were also asked to find exceptions—opaque characters — that have meanings
unrelated to the semantic radical. For example, “#£ (/shui/ who), i (/shi/ try)” are
not related to verbal behaviors. Children were encouraged to remember the mean-
ing of those semantic radicals and compare the radicals’ meaning to the characters’
meaning.

Results
Pre-intervention results

We first performed one-way ANOVAs to compare reading and cognitive abilities in
the TD and the RD group before the intervention. We found that the TD group was
higher than the RD groups on all behavioral tests (Table 1). Then we compared the
three training groups on the tests. We found that all three groups of children with
RD performed equally well on all tests, and there were no significant differences in
age, parent education, and family income either. The results are presented in Table 2.

Intervention effects

Table 3 presents results on all measures in the three groups of children with RD
for the pretest and post-test. To mitigate Type I error, a Multivariate Analysis of
Variance (MANOVA) was conducted before univariate tests to assess the impact of
group membership on post-test dependent variables. A significant effect was found
(F(14, 102)=2.713, Pillai’s trace =0.54, p=0.002), suggesting that there is a statis-
tically significant difference in the multivariate combination of the dependent vari-
ables on the post-test among the groups.

Following the significant MANOVA result, we performed an Analysis of Covari-
ance (ANCOVA) of group on post-tests with pretest scores on the same test included
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Table 2 Participant Demographics

PT (n=22) MT (n=22) BAU One-way ANOVA
(n=18)
M SD M SD M sD F p 7,
Age 1127 042 11.04 036 11.04 0.54 196 0.15 0.06
Raven 98.23 945 96.55 9.89 98.61 7.84 0.30 0.743 0.01
Years of education (Father) 10.23 3.68 10.23 3.02 10.89 3.20 0.25 0.777 0.01
Years of education (Mother) 10.09 296 941 3.11 1033 235 0.58 0.563 0.02

Family annual income (10,000 RMB) 13.05 5.63 1495 10.28 13.03 998 0.33 0.719 0.01

PT =phonological traing; MT =morphological training; BAU =business as usual

as a covariate for each measurement. The results are presented in Table 3. We
found signiﬁcant group differences in four tests, namely, sentence reading fluency
(F=4.05, np—O 12, p=0.023), character naming (F 7.11, ;1 =0.20, p=0.002),
one-minute irregular character reading (F=6.25, i p—O 18, p=0.004) and initial
sound deletion (F=10.55, n p—O 27, p<0.001). For these four tests, both the pho-
nological training and the morphological training groups outperformed the BAU
group, while the two training groups did not have a significant difference. However,
neither intervention group outperformed BAU in pseudoeword rhyming or morpho-
logical awareness tasks. Figure 1 presents the results of the three groups on these
four tests (Fig. 2).

Progress monitoring

Students in both the PT and MT groups were administered alternate forms of the
One-minute sentence reading fluency test weekly for four weeks to track their pro-
gress. As shown in Table 4 and Fig. 3, both groups started and ended at similar
levels and they showed improvement over the four-week period. A 2 X 4 repeated
measure ANOVA (Intervention group X Time) revealed a significant time effect
(F(3, 149)=5.63, p=0.001) but no significant intervention group effect or interac-
tion. Post hoc analysis using Tukey’s HSD showed that Week 3 had a higher score
than Week 1 (p=0.02) among the PT group, while other pairwise comparisons were
not significant.

Responsiveness to intervention

The responsiveness to intervention in the present study was defined as the change
in scores on sentence reading fluency and character naming from the pretest to the
post-test because these two tests are our standard of reading ability. We examined
whether SES or pretraining skills could predict responsiveness. We conducted par-
tial correlation analyses for each group separately (Table 5).

We calculated partial correlations between parental education (i.e. father’s and
mother’s education separately) and the change scores for the sentence reading flu-
ency and the character naming tests, while controlling for family income and
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Fig. 1 Line charts showing performance in each group of participants at the pretest and posttest, for sen-
tence reading fluency, character naming, one- minute irregular character reading, and initial sound dele-
tion

RAVEN scores. We found a significant negative correlation between mother’s edu-
cation and change score on the sentence reading fluency test (Pearson’s r=-0.475,
p=0.034) in the phonological training group. This correlation was not significant in
the MT (Pearson’s r=0.126, p> 0.05) or BAU groups (Pearson’s r=0.21, p> 0.05).
Fisher’s z-transformation was used to determine if two correlation coefficients
were significantly different from each other. The results showed that the correlation
coefficient in the PT group was significantly different from that in the MT group
(z=1.983, p=0.047) and the BAU group (z=—-2.064, p=0.039).

Furthermore, the correlation between metalinguistic/cognitive skills at the pre-
test and changes on the two reading tests was calculated within each group. In the
phonological training group, a negative correlation was found between the pre-
test score of the initial sound deletion test and the change score of the character
naming test (Pearson’s r=-0.566, p=0.009), indicating that children with lower
phonological awareness at the baseline were more responsive to the phonological
training. There was no such relationship in the MT (Pearson’s r=0.024, p > 0.05)
or BAU group (Pearson’s r=—~0.009, p>0.05). By comparing the correlation
coefficients among the groups, we found that the coefficient of the PT group was
significantly different from that of the MT group (z=-2.052, p=0.040) but not
the BAU group (z=-1.84, p=0.066). In the MT group, a negative correlation
was found between the pretest response time on the picture RAN and the change
score of the character naming test (Pearson’s r=—0.455, p=0.038), indicating
that children with better RAN skills were more responsive to the morphological
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A. Negative Correlation Between Initial Sound Deletion and Improvement on Character Naming in the Phonological
Training Group. B. Negative Correlation Between Maternal Education and Improvement on Sentence Reading Fluency in the
Phonological Training Group. C. Negative Correlation Between Response Time in the RAN Test and Improvement on

Character Naming in the Morphological Training Group.
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Fig.2 Scatterplots of significant correlations suggesting predictions of responsiveness A. negative corre-
lation between initial sound deletion and improvement on character naming in the phonological training
Group. B. Negative correlation between maternal education and improvement on sentence reading flu-
ency in the phonological training Group. C. Negative correlation between response time in the RAN test
and improvement on character naming in the morphological training Group

intervention. There was no such relationship in the PT (Pearson’s r=—0.128,
p>0.05) or the BAU group (Pearson’s r=0.11, p> 0.05). However, the compar-
ison among the three groups showed that the correlation coefficients were not
different from one another. Additionally, we found no correlations between any
pretest measures or parent education and the change scores of reading measures
in the BAU group.

The Benjamini—-Hochberg method (Benjamini & Hochberg, 1995) was
employed to control the false discovery rate. After this correction, only the
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Trajectory of Phonological Training Group (PT) and Morphological Training
Group (MT) from Week 1 to Week 4 on a one-minute senence reading fluency test
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Fig.3 Trajectory of phonological training group (PT) and morphological training group (MT) from
Week 1 to Week 4 on a one-minute senence reading fluency test

correlation between initial sound deletion and character naming in the PT group
remained statistically significant.

Discussion

In this study, we directly compared the effectiveness of phonological training and
morphological training in Chinese children with RD, and examined what variables
predict responsiveness. Our findings suggest that both types of training are effec-
tive in improving sentence reading fluency, character naming, one-minute irregular
character reading, and initial sound deletion in the three-month post-test. No signifi-
cant differences were found in the effectiveness of the two types of training. Moreo-
ver, we found that maternal education and initial phonological awareness negatively
predicted responsiveness to phonological intervention, and initial RAN ability posi-
tively predicted responsiveness to morphological intervention. These findings shed
new light on the nuanced relationship between SES variables, cognitive abilities,
and intervention outcomes in Chinese RD.

The effectiveness of the phonological training

Our phonological training included both phonological awareness training and
phonetic radical training. Children were trained to discriminate similar phonemes
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and to combine phonemes or break up syllables for the phonological awareness
training. Accurate phonological representation at the phoneme level is vital for
readers to decode words (Snowling, 1998). Even though there is no grapheme-
phoneme-correspondence in Chinese reading, a more accurate and elaborated
phonological representation also facilitates the mapping between print and sound,
as suggested in a previous study (McBride-Chang et al., 2004). In the current
study, children who received phonological training showed improvement in pho-
nological awareness and reading.

It is worth mentioning that Pinyin was incorporated as a visual aid in our pho-
nological awareness training, potentially supporting children’s understanding of
phoneme-level tasks. Pinyin is taught in the first two years of elementary school
in Mainland China. Still, some children with RD in our study could barely use
Pinyin at the beginning of the intervention according to our observation, although
they were already in 5th grade. After they learned to use the Pinyin system as an
aid to complete phoneme blending or segmentation tasks during our phonologi-
cal intervention, they performed much better in the initial sound deletion task in
the post-test. This is consistent with the previous finding that children who learn
to read through the Pinyin system perform better in phonological awareness tasks
than those who do not learn Pinyin (Huang & Hanley, 1995). It is also consistent
with findings from English studies that when reading instruction starts, it also
facilitates the development of phonological awareness (Duff et al., 2014), sug-
gesting a reciprocal relationship between reading and phonological awareness.
However, while we hypothesize that Pinyin might facilitate students’ phonologi-
cal awareness development, we did not include a Pinyin measure in the current
study to isolate its specific effects. This statement was based on our observations
during the intervention and theoretical considerations. Future studies could inves-
tigate the role of Pinyin in phonological awareness training for Chinese children
with RD.

In addition to the phonological awareness training, we also provided explicit
instruction on mapping characters with sounds using phonetic radicals. We did
this by teaching phonetic radicals and explaining how they are related to the pro-
nunciation of characters, highlighting both similarities and differences. Therefore,
the improvement in character naming, one-minute irregular character reading,
and sentence reading fluency might be due to the training on phonetic radicals. A
previous phonological training study yielded better performance in regular char-
acter reading than irregular character reading (Ho & Ma, 1999). In our study, we
emphasized the orthography regularity and both regular and irregular phonetic
radicals during our training, and therefore, irregular character reading showed a
significant improvement in our study.

We did not observe a significant effect in the pseudo-word rhyming judgment
task, which may be attributed to the low reliability of this measure in our sample.
The possible reason for low reliability in the pseudoword rhyming judgment task
may be because participants’s unfamiliarity with the stimuli, potentially leading
to a high rate of guessing. Future studies may consider changing the stimuli to
Chinese words/pseudo-words.
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The effectiveness of the morphological training

During the morphological training, children learned the function of semantic
radicals in Chinese characters, and thus, they developed a deeper understand-
ing of the orthographic structure of characters (Tong et al., 2009). Homophonic
and homographic morpheme training help to strengthen the whole word read-
ing pathway, including a direct connection between orthography and semantics.
These types of training are helpful in improving character naming, especially
irregular character reading, because irregular character decoding relies more
on the lexical pathway for the whole character mapping to sound and mean-
ing (Coltheart & Rastle, 1994) while regular character naming relies more on
the sub-lexical (phonetic radical) processing (Yang et al., 2009). Regarding the
differential improvement in irregular versus regular character reading, we pro-
pose that this may be due to the complex nature of irregular characters and the
design of our intervention. Irregular characters, by definition, have pronuncia-
tions that cannot be directly derived from their phonetic radicals. This complex-
ity may make them more susceptible to explicit instruction (Conway, 2020; Tong
et al., 2023). Our intervention emphasized both regular and irregular radicals,
potentially providing more benefit to the more challenging irregular characters.
Furthermore, the compound word structure training helps with word compre-
hension, which facilitates sentence reading fluency. Improvement on character
naming also generalizes to sentence reading fluency (Shinn et al., 1992).

We found that morphological training also improved phonological awareness.
This is consistent with a previous study that found that homophone training can
significantly improve phonological awareness in typically developing children
(Zhou et al., 2012). The homophone training in Zhou et al. (2012) is actually
the same as our homophonic morpheme training in the current study. We specu-
late that morphological training increased the quality of representations of mor-
phemes, including orthographic, phonological, and semantic representations
(Zhou & Marslen-Wilson, 1994). Therefore, a high-quality representation of a
morpheme, including phonological representation, in turn, improves phonologi-
cal awareness.

However, the morphological training did not significantly improve awareness
of homographic and homophonic morphemes compared to the other two groups.
We speculate that this may be due to the limited duration of the intervention or
the need for more targeted training specifically focused on these aspects of mor-
phological awareness. In addition, the tools used to assess morphological aware-
ness might not have been sensitive enough to detect subtle improvements, or the
assessments might not have aligned well with the training content.

Taken together, phonological training and morphological training had a simi-
lar effect in promoting reading in the current study, probably because in Chinese,
each character is an integration of orthography, phonology and semantics (Zhou
& Marslen-Wilson, 1999), and learning one representation actually improves all
three together.
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Responsiveness to intervention

In the present study, within children who received the phonological training, those
with lower phonological ability showed greater improvement. Children who had
poorer phonological awareness initially had more room to improve in phonological
awareness (Pfost et al., 2019). When phonological ability is improved, it facilitates
word decoding (Hulme et al., 2012). This finding provides important insights for
developing individualized interventions: when children with RD have low phono-
logical ability, phonological intervention is more effective in improving phonolog-
ical skills and enhancing word reading ability. This is consistent with a previous
study which found that children with phonological problems improved more if they
received phonological training than orthographic training, and that children with
orthographic problems benefited more from orthographic training than phonological
training (Gustafson et al., 2007), suggesting that reading intervention should focus
on the weakness of each individual. This finding is also consistent with a recent
study that showed greater responsiveness to a phonologically-based intervention in
children with lower phonological awareness before the intervention (Romeo et al.,
2018).

Despite our study supporting the “training the weak skills” model, we believe that
weakness-based and strength-based interventions should not be mutually exclusive.
Their efficacy may vary depending on the stage of intervention and students’ char-
acteristics. Our participants had never received any intervention before this study,
therefore, they tended to benefit from explicit training targeting their areas of weak-
ness. However, for individuals with extensive intervention experience, strength-
based interventions might be more beneficial (Gustafson et al., 2007). The sever-
ity of skill deficits is another crucial factor to consider. For instance, children with
severe phonological deficits may not respond effectively to phonological training at
all (Al Otaiba & Fuchs, 2006), but might instead benefit from strength-based train-
ing (Gustafson et al., 2007; O’Brien et al., 2011). Conversely, children with milder
phonological deficits typically show improvement with explicit training on phono-
logical skills.

Our findings also underscore the impact of maternal education on intervention
outcomes within the phonological training group. The significant negative correla-
tion observed between maternal education and sentence reading fluency improve-
ment with family income regressed out, suggests that children with mothers having
lower educational levels exhibit a greater responsiveness to the phonological inter-
vention. A previous study has found that the heritability of RD is lower in children
from low SES families than high SES families (Friend et al., 2008), suggesting that
environment modulates how genetics impact RD. When the environment is optimal
in high SES families, RD is mostly determined by genetics, whereas the unideal
environment in low SES families hinders reading development, and children develop
RD even without genetic risks. Our finding further suggests that the negative impact
of low SES on reading can be mediated by intervention, and it is especially essential
for these children to receive phonological intervention, presumably because phono-
logical skills are more affected by the unideal home environment than morphologi-
cal skills.
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For the morphological training, we observed a positive correlation between pic-
ture RAN performance before the intervention and improved character naming.
However, the correlation did not persist after controlling for false discovery rate.
Therefore, we offer only a preliminary explanation here, and readers should interpret
these findings with caution. This potential relationship could be explained by several
factors: First, picture RAN shares some commonality with Chinese character nam-
ing: the rapid mapping of a whole visual stimulus (picture or character) to a whole
syllable. Our morphological training placed an emphasis on developing whole word
reading ability. Consequently, we observed that children with better RAN skills ben-
efited more from this training approach. Second, RAN tasks measure the automa-
ticity of phonological retrieval. Greater automaticity in phonological retrieval may
indicate greater connection between semantics and phonology, which is essential
in morphological training. The aim of the morphological training is to estabilish
stronger connections between orthography, phonology, and semantics. Therefore,
children with strong RAN skills may have advantages in quickly associating mor-
phemes with their meanings and pronunciations.

Education implications

An important aspect of the reading intervention programs in the current study lies in
their explicit instructions on phonological and morphological knowledge in Chinese
characters and sub-characters. Therefore, our training programs can be seamlessly
integrated into the curriculum, facilitating a holistic approach to character reading
during regular classroom instruction. Teachers can also incorporate these training
programs as supplementary after-school tutorials for students encountering chal-
lenges in decoding. The flexibility of these programs allows for personalized instruc-
tion, which can be delivered either through one-on-one sessions or in small group
settings. Future reading interventions should consider combining the phonological
training and morphological training since we found them both to be effective.

Limitation and future directions

Our study employed an online intervention mode during the Covid-19 pandemic
when schools in China were temporarily closed. It is important to acknowledge that
the relatively modest effects observed on most measures could be attributed to the
online format and the relatively short duration of the intervention. Research has sug-
gested that small-group, in-person tutorials may yield more substantial and immedi-
ate effects (Slavin et al., 2011). Therefore, while our findings offer valuable insights,
it is essential to recognize that the choice of an online platform and the abbreviated
intervention timeframe may have influenced the outcomes observed. Future research
should explore the effect of face-to-face interventions.

Another limitation of our study is the relatively small sample size, which pre-
cluded the execution of more complex statistical modeling aimed at predicting
responsiveness. Consequently, future research should aim to address these limita-
tions through the implementation of a larger-scale randomized controlled trial. The
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expanded sample size would allow for advanced statistical techniques to enhance
our understanding of the factors influencing responsiveness and offer more insights
into the effectiveness of different interventions.

In addition, the present study reveals the efficacy of both interventions in enhanc-
ing character recognition ability among fifth-grade children with RD. Given the dis-
tinctive roles that phonological awareness and morphological awareness play in the
context of Chinese reading development, future research should investigate whether
the two interventions have distinct effectiveness in younger or older children.

Conclusions

Our study demonstrated the effectiveness of both a phonological and a morphologi-
cal intervention for Chinese children with RD, with both interventions being equally
effective in improving phonological awareness, sentence reading fluency, character
naming, and one-minute irregular character naming. The correlation results under-
score the importance of providing timely phonological intervention to children with
lower SES and lower phonological ability. In contrast, morphological intervention
seems to be more beneficial to children with better RAN skills. Our study suggested
that even though the two interventions had similar effectiveness, they may have dif-
ferent mechanisms and paths to promote reading.
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