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ABSTRACT
Spelling English Words: Contributions of Phonol@jdVorphological and
Orthographic Knowledge in Speakers of English ahth€se.
(May 2011)
Jing Zhao, B. A., Qingdao University;
M.A., Qingdao University
Chair of Advisory Committee: Dr. R. Malatesha Joshi

A growing body of literature has provided evidewnt¢he contribution of various
metalinguistic skills to children's English litesadevelopment; however, most of the
studies focused on reading outcomes while spetiigomes have been under-
researched. Further, very few studies have beetucted to investigate if the results
based on native English speakers can be generatizgmbakers of other languages who
are learning to read and spell in English.

In this study, the simultaneous influence of pHogieal, morphological and
orthographic knowledge that may impact Englishlgmghcquisition, among Chinese
students learning English as a foreign languadg&rade 8 (n = 339) in mainland China
and native English-speaking students in Grade=3166) in the United States, was
investigated. Measures in English tapping intothlinee aspects of metalinguistic
skills—phonological awareness (PA), morphologicaheeness (MA) and orthographic
awareness (OA)—were administered to both groupdtidgtoup structural equation

models were used to compare models between theesthand the American group.



Results showed that 1) the overall model of megaistic skills predicting
spelling outcome was highly similar between the Apnan and the Chinese groups; 2)
metalinguistic skills were correlated and workea@amcert to compose the linguistic
repertoire construct which concurrently predicteel $pelling outcome; 3) MA was the
major component, compared to PA and OA, of LingaiRepertoire (LING) across the
two groups. Linguistic repertoire explained 64.186 40.2% of the total variance in the
spelling outcome for the American and the Chinesegs, respectively; and 4) the
contribution of OA was greater in the Chinese grtham it was in the American group,
whereas the contribution of PA was greater in theeAcan group than it was in the
Chinese group.

This study highlights the important contributionMA to literacy development
among both the American students and the Chinegersts. It also sheds light on the
influence of first language (L1) orthography on Esigliteracy acquisition. That OA
contributed more than PA to the LING construct meflect that the English learners
with L1-Chinese background have enhanced visu@bgraphic processing skills. This
study challenges phase models of literacy developthat claim MA only contributes
to literacy acquisition late in the process an@idfsome empirical evidence to support

the emerging “linguistic repertoire” theory of lisey development.
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CHAPTER |
INTRODUCTION AND LITERATURE REVIEW

Spelling is closely correlated with writing and de&y skills (Ehri, 1997, 2000;
Perfetti, 1997). Compared to reading, spellinggraentince might be a better indicator of
an individual's knowledge of alphabetic principhich is the key to literacy in
alphabetic orthographies (Joshi, Hoien, Feng, Chepa, & Boulware-Gooden, 2006).
Spelling requires complete retrieval of the corfetter strings that are stored in the
orthographic memory and is more difficult than “puecognition of orthographic
representations as required in reading” (Moll & dar, 2009, p. 306).

The globalization of English has resulted in thech#o understand the process of
English literacy acquisition for English languagarners in different contexts (Crystal,
1997). Examining the effect of bilingualism on dimgl performance is gaining
popularity and has been investigated qualitatiyely., Fashola, Drum, Mayer, & Kang,
1996; Sun-Alperin & Wang, 2008) and quantitativ@dyg., Holm & Dodd, 1996;

Rickard Liow & Lau, 2006). Figueredo (2006) systécsly reviewed the literature of
cross-linguistic influence on spelling skills armiiihd that a bilingual’s first language
(L1) has both positive and negative influence andriher English spelling and second
language (L2) spelling mechanisms vary accordingvtovariables: L1 language

proficiency and the typological distance betweerahdl L2.

This dissertation follows the style Beading and Writing: An Interdisciplinary Journal



Children learning to read and write in English mustcess information from the
writing system at different levels, namely, phorgibal, morphological, semantic and
syntactic levels (e.g., Nagy, Berninger & AbbotD8R The role of phonological
awareness (PA) is well established in Englishditgrresearch (Adams, 1990; Snow,
Burns, & Griffin, 1998). It is considered the gealairiving force for literacy outcomes
in readers and spellers in early stages of leartmimgad and write. Increasing evidence
supports the importance of orthographic awarern@#g,(which is one’s knowledge of
word spelling regularities and permissible letegugence in a word. In the past decade,
interest in the role of morphological awareness MAas been elevated. According to
Carlisle (1995), MA is children’s “conscious awagen of the morphemic structure of
words and their ability to reflect on and manipelttat structure” (p. 194). This study
was designed to determine the relationships améad/A and OA when examined
simultaneously and their joint contribution to SipgJ performance in the American and
the Chinese groups.

Related Theoretical Models

The examination of the theoretical models for héw A and OA relate among
native English speakers requires the examinati@ewéral models of reading and
spelling development that have been proposed. Bdtdiscussion is presented for four
major models: the Phase Model, the Lexical Quélypothesis, the Dual-Foundation
Model of Orthographic Development and the Repegtdineory model. Because the

current study included a Chinese-English bilinggahple, another important theory—



Orthographic Depth Hypothesis—is presented to adcfou L1 influence on L2 spelling
development.
The Phase Model

One of the most cited models of word reading aralisg development is the
Phase Model (Ehri, 1995, 2005). The phase modg&ldes description and distinction of
four phases: “prealphabetic”, “partial alphabetittill alphabetic” and “consolidated
alphabetic” phases. In this model, the initial steggcharacterized by children’s heavy
utilization of phonological skills; however, inciseag exposure to print allows children
to recognize and use orthographic skills in additmphonological skills (Arab-
Moghaddam & Sénéchal, 2001). PA and OA are thezafegarded as the main
components in the model. Ehri (2005) argues thitabgraphic knowledge is a device
that forms “connections between graphemes and phesi¢o bond spellings of the
words to their pronunciations and meanings in mgngr.167) and it is “enabled by
phonemic awareness and by knowledge of the alpicabettem, which functions as a
powerful mnemonic to secure spellings in memory”1§7).

Share’s (1995, 1999) self-teaching hypothesis regesrEhri’'s phase model in
that PA and OA are core skills and are relatecatthether. Share (1995) argues that
through phonological recoding of print lexicon,ldnen gradually learn the regularities
of the grapheme-phoneme correspondences. Durisgtbcess, children’s orthographic
knowledge system develops as “lexical constraimisiuding “morphemic constraints”

(p- 156) are imposed on the child’s knowledge @lib&etter-sound relationships The



self-teaching hypothesis considers PA the primantrdoutor and OA the secondary
contributor to word reading.

In both the phase model and the self-teaching ngsid, the role of MA is not
emphasized in early stages of literacy acquisifidre phase model suggests that MA
emerges in the fourth phase (consolidated alphapktse) and is grouped together with
orthographic knowledge. Share’s model regards nmeampt units as parts of the
orthographic regularity. Therefore, it is not cledrether MA makes a unique
contribution to word reading and spelling apartrir®A and PA, according to the phase
model.

Lexical Quality Hypothesis

The next model to consider is Perfetti’'s (2002) icakQuality Hypothesis. In
this model, Perfetti (1991) argues that the lexiepkresentation has high quality when
the lexical entry is composed of both phonetic seghantic information, so that the
lexical information can be fetched efficiently fraane’s mental lexicon. The hypothesis
can be expressed through the theory of lexicaliBpge and redundancy (Perfetti, 1991,
1992). Lexical specificity or lexical precision ee$ to the fact that a lexical
representation has to have a specified orthograppresentation, usually in the form of
a conventionally correct spelling of a word. Leticedundancy means that
phonological representations from both spoken lagguand from grapheme-phoneme
mappings have to be available for the lexical repnéation to be high in quality.

Perfetti and Hart (2002) illustrated that the matal of lexical representation was likely

to have high quality if it was both orthographigadpecific and phonologically



redundant. They proposed a graphic representatiarspecific lexical entry which
consisted of three components (orthographic, plomicdl and semantic information) in
a triangle framework. A connection of the threiegrated components for a word was
likely to be established if one encountered a $aoenrd repeatedly for multiple times.

Orthography is defined as “the graphemic pattefrsswritten language and their
mapping onto phonology, morphology, and meaningrglerson, 1984, p. 1)., Relating
orthography to the writing system and the spokaguage, Perfetti (1997) states that
spoken languages provide multi-level units in phogy which includes phonemes,
syllables, onsets, rimes and morphemic units. @fritystem principles underline
converting these multilayered language units irsidgraphic units. Orthography
places a system of constraints on the graphic.units

In this model of lexical quality, orthographic raleonstrain phonology.
Orthographic and phonological skills are therefoghly related. From this perspective,
lexical quality hypothesis is similar to Share’§$eaching hypothesis. The lexical
quality model implicitly includes a role for morplegy while emphasizing semantics,
which includes grammatical and meaning informatloat is often demonstrated by
morphemic units. In the case of English, homograpbynophony, and polyserhy
challenges one-on-one orthographic to phonologedations, and therefore, the quality

of lexical representation.

! Homography, homophony, and polysemy are three aamigxical phenomena in English. Homography
can be understood as having the same spellingiffertetht pronunciations (e.dgad pronounced as
/led/as a noun means “a kind of metallic element! pronounced as /li: d/ as a verb means “guide”);
Homophony refers to words that share the same pmations but different spellings and different
meanings (e.gseeandseahave the same pronunciation but different meaniag) polysemy refers to
lexical ambiguity caused by the same word mearerdiftly in different context (e.gopokin “She is
reading a book” and “Did you book the hotel?” hdfedent meaning).



The Dual Foundation Model of Orthographic Developine

Another prominent model of reading apélling is the Dual-Foundation Model
of Orthographic Development (Seymour, 1997, 20@yn$our, Aro, & Erskine, 2003).
In this model, a distinction is made betwéegographicandalphabeticfoundations. A
logographic foundation enables children to readilfamwords. In this system, symbols
represent whole words or concepts, whereas thaladpic foundation enables children
to read phonologically, for example, sound out semmfamiliar consonant-vowel-
consonant (CVC) words or non-words. In the alphalgbcess, component sounds are
represented to reflect lexical identities, wordivktions and morphological structure.
Basic foundational components (including small sisiich as phonemes) are acquired in
early phase and larger units such as rimes analds¥ included in more complex
orthographic structures are acquired later phases.

Seymour (1997) distinguished the two kinds of PAprkliterate PA, which is
referred to as meta-phonology in his model andh®npmic awareness, which is only
acquired through an alphabetic method of literasyruction. Seymour’s concept of
meta-phonology is analogous to the phonologicaetspf Goswami’s (2006)
Psycholinguistic Grain-Size Theory (PGST), in whette argues that some phonemic
information (at the syllable and onset levels)igresented by children before literacy.
PA and OA constitute the foundations of this mqaeposed by Seymour. MAis an
additional component to accommodate the need tond#rawords that have a complex
morphemic structure. Frith (1985), in line with fhigase theory, suggests that the

mastery of these morphemic aspects of written laggus the key feature of the



advanced levels of development. Among all threeeatsothat are examined the dual-
foundation model addresses the question of howd2Aand MA related in L1 English
children and how these factors together contribmutéeracy acquisition. However,
because it is based on the phase model, an efldgnioe of morphology is not specified
in this model.
Repertoire Theory

An emerging theory that does incorporate the aaflyence of MA is the
“repertoire theory” of spelling development (Apklasterson, & Hart, 2004; Apel,
Masterson, & Niessen, 2004). The major argumetttisftheory is that children, even at
an early age, utilize multiple linguistic resoureasl processes in their reading and
spelling development (Wolter, Wood, & D’zatko, 2009 he “repertoire theory”
portrays spelling as a linguistic skill and suppdhte idea that good spellers are able to
“use their explicit awareness of all of these aiaakiding phonology, orthography,
morphemes, and meanings of words, as well speuiictal images of words”
(Masterson & Apel, 2010, p. 186). Because thertepe theory is based on children’s
spelling samples obtained in instruction and assesssettings in schools, repertoire
researchers were able to count the number oftigeibtic resources that a child actually
used in his or her reading and spelling developnidre growth of the number has been
used to account for the change in children’s remdimd spelling development over time.
The “repertoire theory” is the most related theioegtframework for this study because
it addresses the issue of the contributions of®Aand MA in a balanced way,

compensating for the potential weaknesses of ttee thhajor models mentioned eatrlier.



The Effect of L1 Orthography on English Spelling
Orthographic Depth Hypothesis (ODH)

Orthographies have different degrees of phonemghgrae correspondence,
some more complex than others. According to the@d@raphic Depth Hypothesis
(ODH) (Katz & Frost, 1992), at one side of the odhaphy continuum, there are
transparent orthographies, such as Spanish amhltathich have almost one-to-one
grapheme/phoneme correspondence (GPC). At the sitteeof the continuum are
opaque orthographies, such as Chinese, which masEhosyllabic writing system with
an unreliable relationship between written unitd apeech units. English orthography is
somewhere in between, being quite deep for an bfdlascript, and is relatively
unsymmetrical in sound-to-print correspondence €7&xy, 2006). For example, the
phoneme /i:/ has many possible corresponding grapbas irheal delete either,
machine andgreen The consonant /k/ could be representedt,ly ck que orch. At
the same time, the same grapheme could repred$taredt phonemes, for exampteis
pronounced as /s/ receive, cidelandcycleand as/k/ ircat, caught andlilac. Most
cross-linguistic studies examining L1 influenceléhliteracy acquisition have focused
on PA and reading-related tasks (Joshi et al., g@@avever, spelling may be a better
indicator of individual's alphabet knowledge andaa@ness of intra-word structure.

Bilingual spellers are influenced by the knowleadd¢heir first language and
represent a complex and intriguing case for stuglfanglish spelling. Bilingual spellers
of an alphabetic L1 with a reliable GPC, such abah or Portuguese, often outperform

monolingual spellers in real word English spellifgr instance, D'Angiulli, Siegel, and



Serra (2001) studied 81 English-Italian bilinguiaildren aged from 9 to 13 years old in
Canada and found that advanced bilingual Italialdiedn outperformed monolingual
English children (matched on age) on English spgl{Hedge’s g = 1.18) and reading.
Similarly, Da Fontoura and Siegel (1995) compariéddual Portuguese-English
children (n = 37; 9-12 years) with a comparisorugrof monolingual English children
and found that Portuguese-English bilingual chitdseored higher on the English
spelling task (Hedge’s g = 0.42).

In contrast, spellers with a non-alphabetic L1 séemerform differently in
English spelling than alphabetic L1 spellers. Wand Geva (2003a) examined the
spelling performance of 33 monolingual English $oeg children and 30 Cantonese-
speaking bilingual children in Canada (Grade 2g @hthors found that there was no
statistically significant difference in real worpedling between the two groups (Hedge’s
g = -.04, result favoring monolingual group), butmolingual English-speaking children
performed better than Cantonese-English bilingbdticen on pseudoword spelling
(Hedge’s g = -0.88). The Chinese-English bilingtlaldren in their study had no
previous experience with Pinyin, an alphabeticespntation of Chinese characters. In
another study, Jackson, Holm, and Dodd (1998) coaba group of Cantonese-
speaking school-aged children with matched Enghsinolingual children and found
that monolingual English children outperformed @&sie-English bilingual children on
phonological tasks and non-word spelling (Hedgess-0.49). They, therefore,

concluded that superior phonological awarenessrtegn previous research of two
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phonologically similar languages (such as FrenchEmglish) may not apply to
Chinese-English bilinguals.
Mandarin Chinese: A Primer

In order to investigate the influence of L1 ortheygny on English spelling and
the underlying cognitive components, a primer om€se phonology, morphology and
orthography is presented. | shall be referringlirtases in this study to Mandarin
Chinese, transcribed using the Pinyin system ohptio representation and represented
using simplified Chinese characters. Mandarin Céene the official language in
mainland China both in its written form and spokerm (often referred to as
Putonghua). In many of the Chinese-English baitgrstudies—for example, McBride-
Chang et al. (2006)—participants are speakers onfd@ase which is a variety of
Chinese used in southern China around Guangdoaglosng Kong and Macau.
Spoken Mandarin and Cantonese are not mutualliligiée; however, most written
characters in formal Cantonese are the same asavlarahd can be understood by
Mandarin readers.

Phonology. Most Chinese characters have only one syllable enthinitial
(shengl mu3: consonant) followed by one final (yon4B: rhyming elements). The
properties of the initials are similar to Engligfnsonants. Some initials (e.g,,d, p, t,
andk) are pronounced like the English consonants. Ttasfiare more complicated than
the initials. Most of the Chinese characters aenggyllables that can be expressed with
Consonant-Vowel (CV) and Vowel (V) structure andasionally CVC (with /m/ or /n/

ending). CCVC or CVCC structures with consonanstets do not exist in the Mandarin
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phonological system. It is important to note thetjke English, Mandarin Chinese is a
tonal language with four tones. The same pronuiociatith different tones indicates

different meaning, for example, matJ-mother, ma2-flax{k), ma3-horse ), ma4-
scold (%) (1, 2, 3, 4 are tone markers). Spoken Mandanmatos many homophones

and specific meanings of words are accessed thnalgtive contextual cues. A number
of studies has investigated the relationship betw&and Chinese reading and found
that PA is a primary predictor for early Chinesadiag (Ho & Bryant, 1997; Huang &
Hanley, 1995; McBride-Chang & Ho, 2000). Particidapects of Chinese PA, such as
Chinese rhyme deletion, predicts English word neg@is well (Chow, McBride-Chang,
& Burgess, 2005; Gottardo, Yan, Siegel, & Wade-Wepl200).

Morphology. In Chinese, many of the single-syllable charaatarsstand alone
as individual meaning indicators, but they alsowsers morphemes to form multi-
syllabic compounds, known as the western notiomafls. Lexical compounding is an
important feature of Chinese morphology, which nsa&&inese an orthography which
is relatively transparent semantically. A Chinesgdwan consist of one character-
morpheme or more. In the word§Ek (pai2 qiu2),i5Ek (lan2 giu2) and2 ¥k (lei3
giu2), the second character-qiu2-is a morphemeiatates that it is some kind of a
ball. The three words mean volleyball, baskettzalt] baseball, respectively. MA has
shown to be highly predictive of Chinese charamtading (McBride-Chang, Shu, Zhou,
Wat, & Wagner, 2003). A detailed discussion of @si& morphology is available in

Packard (2000).
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Orthography. Mandarin Chinese is basically morphosyllabic ituna (Perfetti
& Zhang, 1995). The Chinese reading and writingesysis often regarded as iconic
(Luk & Bialystok, 2005); for example, the Chinesmracte® [guo2], country has two
semantic components, one from the ouwl:lkymbolizing the border of a country and
the inside onE which meangade on its own referring to the authoritative figurfeao
country. In such characters, there is no phometgponent. However, a high proportion
(80%) of Chinese characters contains both a sememthponent and a phonetic
component which aid the Chinese readers in charezdding (Hanley, 2005). For

example, the charac % [cheng?2].city contains the semantic componeZ garth, soil

and the phonetic componeﬁﬁ [cheng2], meaningucceed, win, finislgr become

The alphabetic sequential computations do not geapply to reading and
writing in Chinese. However, in the current stualyof the Chinese-English participants
have been exposed to Pinyin, which is a renditio@lonese into the Roman alphabet.
Pinyin instruction is widely encouraged in Mainla@tina. It is used to introduce new
characters for the first two years of Chinese mgdhstruction. The processing
mechanisms involved in Pinyin reading and spelisngimilar to alphabetic reading and

spelling. For example, the wok #k, woods which consists of two characters, is

spelled ashu4 lin2in Pinyin. Inshy shis the initial andu is the final. Pinyin is a highly
shallow/transparent orthography; it has an almostto-one phoneme-grapheme
correspondence. It is hypothesized that Pinyin egpee will familiarize the Chinese-
English bilinguals included in this study with thphabetic principle and strengthen

their ability to spell phonologically.
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Definitions of the Three Metalinguistic Skills
Phonological Awareness (PA)

Many studies have demonstrated that certain aspeB® transfer across
English and Chinese in reading, two very differemhographies. Wang, Perfetti, and
Liu (2005) found that Chinese tone processing waigrficant predictor of English
pseudoword reading among a group of 8-year-old €dairEnglish bilinguals in the
United States. Gottardo, Yan, Siegel, and Wadeip@001) administered a series of
standardized measures among 65 children whose EX0aatonese and found that PA,
including scores in rhyme detection, phoneme detecand phoneme deletion in
English, and rhyme detection and phoneme detecti@tinese, were highly correlated.
Luk and Bialystok (2008) also reported that Engfghand Chinese PA were
significantly correlated to each other for 6-yelt-Ghinese-English bilinguals born and
raised in Canada.

Tan, Laird, Li and Fox (2005) in a meta-analysipldnological possessing in
Chinese and English from biological and neurocagmiperspectives concluded that
brain activation for Chinese readers and Englisldees was significantly different, due
to the fundamental differences in the phonologstalcture of the two languages and the
learning strategies associated with learning thesealifferent languages. Tan et al.
(2005) stated that “Chinese characters map ontaglbgy at the (mono-) syllable
level” (p.84). The phonological processing wasstined in the neural system by such

a phonological structure. Will this constraint afféheir performance in English spelling?



14

Wang and Geva (2003b) analyzed spelling errors rhgdehinese-English

bilinguals on English spelling tasks. They foundtt@hinese children have difficulty in
spelling phonemes that do not exist in Chinese plogical system, such a&/ /and /.

These children also performed poorly in an audithsgrimination task in their study.
Developmentally, however, this negative influent€binese did not persist across time
for their sample. In other words, after one yeanwohersion in English instruction,
Chinese-English bilingual and English native spesberformed at about the same level
in terms of phonological spelling. There might biei@ogical adaption as the Chinese
children are exposed to more and more English.

Conflicting results concerning PA development hbgen shown by Joshi et al.
(2006), who studied English spelling performancstatients from the United States,
Norway, India and China. They found that Ameridainct graders performed better than
Norwegian fifth graders, Indian seventh graders @huphese fifth graders on real word
spelling. There was no difference among Norwediagian and Chinese students when
they were exposed to formal English instructiontfoee years. However, as they
proceeded to the fourth year of English instrugtidarwegian and Indian students
performed better than Chinese students. As for plogical spelling, the Chinese group
also scored lower than the comparable groups fromvily and India. When Chinese
students did not know the correct spelling, theylesl to either skip the entire word or
use a known real word as a substitute (eige, light, ninefor night), whereas
Norwegian and Indian students tended to make ploagproximations of the target

word (e.g.hait, nte, nnefor night). The different results might have been causethéy
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different settings of the two studies. Bilingualdents in Wang and Geva (2003b) were
in an English as a second language (ESL) settingetatry within which L2 learners of
English are immersed in a majority English L1 stcievhereas the bilingual students in
Joshi et al. (2006) were in an English as a for&agguage (EFL) setting—a country
within which L2 learners of English are surroundbgch majority who speaks their same
L1, with little exposure to L1 speakers of Englifhaddition, the effect of age was not
controlled in Joshi et al. (2006).

Concurring with Joshi et al. (2006), Rickard LiondaLau (2006) investigated
80 children (average age = 6 years) with threedagg backgrounds (English L1 and
Mandarin L2, Mandarin L1 and English L2, Malay LiidaEnglish L2) in Singapore.
They found all three groups used some PA for spgliut the children with Malay
background (which uses a highly transparent orégainy) were more dependent on PA,
whereas Chinese children seem to rely more on wikotd processing. Also in the
Singaporean context, Dixon, Zhao and Joshi (2ah@)ugh examination of spelling
errors made by kindergartners with different etHairguage backgrounds who were
learning English, found that the Chinese-Englistllsps made more real-word
substitution errors than Malay-English and Tamilgiish spellers with age statistically
controlled.

Chinese students’ English spelling also seems iafheenced by previous
Pinyin experience. Holm and Dodd (1996) includedudi¥ersity students from China,
Hong Kong, Vietnam and Australia in their study dnely found that these students did

not differ in real word reading and spelling tadksyever, Hong Kong students who



16

had no previous experience in Pinyin had difficygtgcessing non-words. This pattern
did not emerge for Mainland Chinese students withdtadied Pinyin.

McBride-Chang, Cheung, Chow, Chow, and Choi (20063, study of 217 Hong
Kong Chinese kindergarten children learning Englista second language, found that
PA in English explained unique variance in Englisisabulary knowledge. The patrtial
correlation coefficient of English vocabulary, meiesl by the Peabody Picture
Vocabulary Test (PPVT), and English syllable detectvas 0.35 (p < 0.001). The
partial correlation coefficient of PPVT and Engligihoneme onset deletion was 0.44 (p
< 0.001) with age statistically controlled. Fronstetudy we do not know if PA was
uniquely associated with English spelling amongéhidong Kong bilingual children.
Morphological Awareness (MA)

A growing body of literature indicates that MA mmportant in monolingual
reading and spelling development across many Wrigystems (McBride-Chang et al.,
2008; Tong, McBride-Chang, Shu, & Wong, 2009). 8l¢8008) found that MA had a
stronger correlation with word reading and spellimgasures than PA tasks among 1,238
English monolinguals and English language learime@rade 6. No specific correlations
were reported for English language learners seglgriat this study.

There are controversial findings regarding Chirstadents’ ability to analyze
and manipulate morphological structures in L2 EsfglKoda (2000) compared Chinese
and Korean students on English MA tasks and fobhati€hinese learners performed
more poorly than Korean learners in analyzing mioad structures, but they did not

lack the ability to integrate morphological and motual information when processing



17

sentences. Jiang (2004) found that Chinese leaoh&msglish were not sensitive to
number morphemes in sentence processing experimmeotging stimuli such as “The
key to thecabinet was rustfrom many years of disuse” and “The key to tlainets
was rustyfrom many years of disuse.” Both studies were cotetl with adult ESL
learners.

Orthographic Awareness (OA)

OA is defined as learners’ awareness of convenitiuh@s in structuring English
words (Treiman & Cassar, 1997); one of the corétglof OA is the sensitivity to
permissible letter sequences (Pacton, Perruchyt),& Cleeremans, 2001; Treiman,
1993). From a developmental perspective, OA iy antjuired after one is more
experienced with print materials after the inipalse of learning phoneme-grapheme
conversion rules according to the phase theorpelliag (Frith, 1985). Recent
empirical studies demonstrated that sensitivitgrgphotactic conventions develops in
English-speaking kindergarten children before #ik af encoding full phonological
structure develops (Cassar & Treiman, 1997; Trejrh@83). Caravolas, Kessler, Hulme,
and Snowling (2005) studied vowel spelling amondvifish children (age = 5;7) at
one point in time and six months later and fourat #t both times, knowledge of sound-
letter correspondence, unconventional consistehegwel spelling in particular,

affected children’s spelling. Unconventional cotexigy of vowel spelling indicates all
of the possible vowel spellings for a certain vos@lnd, for exampleg/ can be

represented bg, aandea however, it is defined to be spelledesswith a coda /d/ , for

examplehead and this is conventional consistency of vowellspe
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Orthographic knowledge also includes “extractioplednological and
morphological information from a printed word” (Ked2007, p. 4). Ehri (1998) stated
that orthographic knowledge “provides powerful moaic system that bonds the
written forms of specific words to their pronunadatin memory” (p. 15). It is therefore
particularly important in deep orthographies whilchnot have reliable relationships
between spelling and pronunciation. English anch€¢e are two examples of this type
of writing system.

Sun-Alperin and Wang (2009) found the predictivevpoof OA within English
was significant in Spanish-English bilinguals. Anglish homophone choice task
accounted for an additional 28% of the variancEnglish real word spelling after
controlling for age, receptive vocabulary and PAwsever, whether orthographic
knowledge is language specific or language gemesill debatable. Even though
Spanish and English are both alphabatiduse the same alphabet, Sun-Alperin and
Wang (2009) found that Spanish orthographic praogsskills could not predict English
real word and pseudoword spelling, which indicdtexd orthographic knowledge might
not be transferable across these two orthograplnieantrast, an orthographic transfer
effect was seen in Deacon, Wade-Woolley, and K{g®09) among English native
speakers learning French in an immersion program.

In Wang and Geva (2003a), Chinese ESL childrenescbigher than their L1
counterparts in a confrontation spelling task, \uirequired the ability to distinguish
orthographically legitimate and illegitimate letymbinations. The authors attributed

this finding to Chinese children’s advantage inllapg visually presented materials.
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Akamatsu (1999) used different methods of wordodigin (e.g., CAsEaLtErNaTiOn) to
examine the influence of L1 orthographic charast&s on English word recognition.
Participants with Chinese-, Japanese and Persidratigrounds responded to stimulus
items presented on a computer screen. Response anw reaction time were recorded.
The results suggested that the Chinese and Japsartisgants whose L1 was not
alphabetic were more likely to be influenced by ¢hee alternations in a naming task
than the Iranian participants whose L1 was alphebghis finding suggests that “the
first language orthographic features affect thbagtaphic coding mechanisms (e.g.,
word recognition mechanism) in a second languag&8(1).
Predictors of English Spelling for Speakers of ksigl

Previous psycholinguistic research on monolingugglish children has
identified a number of factors that are closelpted to spelling development, among
which the ability to identify, distinguish and mpualate the smallest units of sound
(phonemes) seems to be critical (Gentry, 1982; Heswh & Beers, 1980; Landerl &
Wimmer, 2008; Treiman, 1993). Developmental spglenrors show that monolingual
English-speaking children who are somewhat awarphainological subunits make the
effort to try to represent in spelling the sountast tstand out the most when pronouncing
it, for examplewrk for work, which led Treiman (1993) to conclude that chifdsesarly
spelling is a window to their phonological repreasg¢ion ability.

Another important skill in spelling developmentalphabetic languages with
deeper orthographies (e.g., English) is the undedstg of morphological structures

(Bryant, Nunes, & Bindman, 1997). Aside from philmgical knowledge, children also
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attend to meaning relations in learning to spedr(Gle, 1995; Treiman, Cassar, &
Zukowski, 1994). For example, children made fewestakes in the flaps in words like
dirty than incity, because those children in thiégrade have already noticed tht is
a morphemic unit. MA is defined by Carlisle (19@5)the ability to recognize,
distinguish, segment and construct meaning suburhisdly, the knowledge of
orthographic representation poses a special defoartiildren learning to spell in
English, where phoneme-grapheme correspondenae [sghly predictable.

Recent empirical studies confirm the importanctéhete cognitive components
to English spelling among English monolingual ctell Caravolas, Hulme, and
Snowling (2001), in a longitudinal study of 153dtyear-old children in Britain, found
that receptive vocabulary and non-verbal intellggewere associated with spelling and
phonological spelling, but the correlation coetfiais were not among the highest.
Verbal span was associated with both spelling drahplogical spelling; however,
visual span was only associated with phonologipallisg.

Spelling production is sometimes assessed bottoioventional accuracy and
for phonological plausibility. The scoring of reabrd spelling emphasizes the accuracy
of lexical representation as a whole; whereas ¢bergy of phonological spelling
evaluates the phonological representation of oatheart of the word or pseudoword.
Spelling is assessed at a lexical level and phgndbspelling is assessed at sub-lexical

level.
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Interrelation of PA, OA and MA for Speakers of Bsfl

An increasing number of empirical studies have stigated the three cognitive
factors (PA, OA and MA) in pairs or altogether. &d MA may share some common
processes and three kinds of evidence are avafiabikis argument. The first kind of
evidence is from intervention studies, where cresseffects have been observed. The
crossover effect means PA training causes improaemevIA and MA training causes
increases in PA scores (e.g., Richards, Berniigggy, Parsons, Field, & Richards,
2005). Besides English, the cross-over effectiess observed for other alphabetic
languages. For example, Casalis and Cole (2008)umted an experimental study with
French-speaking monolingual kindergartners (3QAnr&ning, 30 in MA training and
30 in control). The reciprocal influence analysesswerformed and the results indicated
that MA training improved children’s phonologicarsitivity, and PA training helped
children to segment morphemes; however, MA traimiitgnot improve phoneme
manipulation, and PA training did not improve dedwvords. The results indicated that
PA and MA shared some common processing skilleaah of them had their unique
properties that were independent from the other.

The second kind of evidence draws on the distindbetween the relationship of
morphological construction with phonological charfiee-fifth) and without
phonological changelérk-darknesy It is already quite established that PA and iregd
comprehension are highly related. The logic isdirpineme manipulation performance
on items with phonological change is more highlyoagated with reading

comprehension than the manipulation performandéeoms without phonological
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change, PA is facilitating or impeding the relasbip between MA and reading
comprehension. Fowler and Liberman (1995) investmyghe interdependence of MA,
PA and orthographic knowledge in 48 children (age95 years) and found that reader
group (good/poor) differences were most pronournicgabrforming MA tasks on items
with phonological change. The results suggestedhieaViA effect was impeded by
phonological deficits.

The third kind of evidence that helps to explaia tblationship between PA and
MA is to see whether they make independent cortidbs to literacy outcomes. In a
longitudinal study, Deacon and Kirby (2004) folladva group of students from Grade 2
(n = 143) to Grade 5 (n = 103) in Canada and meds$RA and MA in Grade 2 and
reading outcomes in the subsequent grades. Thaey filnat MA measured by a sentence
analogy task predicted later reading compreherssores with PA measured by a sound
oddity task, and 1Q statistically controlled. PAdaMA in Grade 2 were statistically
significantly correlated (r = .567). The resultsioé study suggested that MA’s
contribution was comparable to that of PA and cargd to have an effect after three
years.

Nagy, Berninger and Abbott (2006) used structugale®ion modeling to examine
whether MA explained any unique variance in litgraatcomes when PA was
controlled. The participants were Grade 4-9 stusléoim the US. MA was measured
by a Suffix Choice Test and a Morphological Relats$ Test. Spelling was measured
by the Spelling Test of the Wechsler Individual Askement Test (2 ed.). They found

that the MA factor was a unique predictor of spellskills for students of all grade
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levels (with correlations ranging from 0.60-0.883%. expected, PA was also a significant
predictor of spelling skills for all groups of stris (with correlations ranging from
0.71-0.80). They concluded that the contributibM@\ to literacy outcomes was more
consistent in upper elementary grades and midtleadc Nagy, Berninger and Abbott
(2006) further argued that:
Although morphological awareness is not the largestributor to success
in learning to read, it is not necessarily an ingigant one. Nor should one
assume that the variance shared by phonologicatamghological
awareness is exclusively phonological. Some ottteed variance
between these two construct may be metalinguistecrnore general sense
rather than tied specifically to morphology or pblmgy. (p.137)

In contrast to Nagy, Berninger and Abbott’s (20883ertion of a later MA
influence, Carlisle and Nomanbhoy (1993) studiedliSh monolingual students in
Grade 1 and found a statistically significant clatien between PA measured by
syllable and phoneme deletion tasks and MA meadwyedword relation judgment (e.g.,
mothandmothe) (r = .30,p < 0.01) and by a morpheme production task (Eaym, My
uncleisa ___ . [farmej](r = .51,p < 0.001). In an hierarchical regression analysis,
when MA was entered after PA, it only accounted4fidr of the variance.

Another study supporting the early influence of A literacy development
(spelling, in particular) ofLgraders (n = 47) is Wolter, Wood and D’zatko (2009
which they measured PA (CTOPP Elison task), MAl(orarphology production task),

reading and spelling (Test of Written Spelling) dodnd that PA and MA together
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accounted for 42% of the variance in spelling amdl &¢counted for 7.4% of the
variance in spelling over and above PA. DeacorhKand Casselman-Bell (2009)
measured MA and a variety of control variables twatld be possible confounding
factors, which included verbal and non-verbal irlgehce, rapid automatized naming,
verbal short term memory, and PA, among a grouplsfchildren with English as their
first language at age seven. Spelling was measweagears later. They found that after
controlling for all of the variables mentioned abpMA still made an independent
contribution to spelling (explaining an additiodall0% variance). They, thus,
concluded that MA is of robust and long-lastinditytio spelling. This study conducted
in a lower elementary grade is complimentary tophevious finding by Nagy et al.
(2006) of the independent contribution of MA fromA h upper elementary grades. The
weakness of this study, however, is that the raiiglindex for the MA measure was
low (Cronbach’sx = .64) and only past tense morphological constnavas assessed.
These pieces of evidence together support the tiatwWA makes a smaller (compared
to PA), but significant, contribution to readingdespelling development, even in the
early grades.

Kuo and Anderson (2006) conducted a research ssistbéthe effect that MA
had on literacy skills. They came to the concluglat MA was closely associated with
other aspects of metalinguistic awareness, narRélysyntactic awareness, and
vocabulary knowledge. Their final comment on thistxg literature of MA and literacy
outcomes was the lack of satisfactory control ef¢dbvariates. Recent empirical studies

have started to attend to this problem (e.g., Deacoby, & Casselman-Bell, 2009).
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It is concluded from the previous literature thag tontribution of PA and MA to
literacy outcomes also depend on three other fachmsides grade level: (1) the task
that is given to measure PA and MA (perceptionrodpction); (2) the nature of the
outcome measures (reading or spelling); and (3jiévelopmental stage of the
participants. MA may be more important in spellthgn in word reading (e.g., Deacon,
Kirby, & Casselman-Bell, 2009). According to theagk model and the dual language
foundation model, understanding the alphabeticyla is the first step, followed by
phonological decoding and encoding. Insights mtwphological aspects of the
orthography may develop at a later stage. Howewegrding to the “repertoire theory,”
reading and spelling are best explained by theg@mgl richness of the linguistic
resources children use. Children who attend to hadggical units of the words at an
earlier grade might also be better readers or hgeelers. Empirical evidence is needed
to support this view.

Further, MA and OA were also correlated, becaugke teate to recognition and
ability to manipulate word segments. OA needs tinbestigated simultaneously to
distinguish the effect. In addition, MA, PA and @#e preferably assessed concurrently
in order to illustrate the inter-correlations amahgm. A couple of empirical studies
investigated the concurrent contributions of alethfactors.

Nagy, Berninger, Abbott, Vaughan, and Vermeuler®@sed structural
equation modeling to examine the contributionstadmmlogical, orthographic, and
morphological factors to English word spelling anter literacy outcomes if2grade

at-risk readers (n=98) and'4yrade at-risk writers (n=97). Fof“qgyrade children, the
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MA factor was significantly correlated with the Réctor (correlation value = .26, p
<.05), but not with the OA factor. PA and OA wewarelated with a correlation value
of .43. In this study, the correlation betweend OA was higher than that between
PA and MA. It is also important to note that instBtudy, OA was the only statistically
significant predictor of the spelling outcome fhet?*-graders with the overall model
fit being satisfactory;&2 a9) = 28.21, CFl = .96, RMSEA = .07). FdP4grade at-risk
writers, the MA factor was strongly correlated wiltie other two factors PA € .67),
and OA ¢ = .58). OA again was the only statistically siggaht predictor of the
grade spelling outcome with excellent model:fft{s) = 23.32, CFl = .99, RMSEA
=.05). Structural equation modeling is a largagle@ method but the sample size was
comparatively small in this study with a total nienbf less than 200.

Ouellette and Sénéchal (2008) studied 115 Englishalingual children (age =5
years) and found that in predicting invented spgljperformance, OA, measured by
legal character and permissible sequence, explappximately an additional 10% in
R-squared in the hierarchical regression analysts BA was controlled. PA (measured
by CTOPP subtests of Sound Matching, Blending WardsElision) alone explained
40.5% of the variability in invented spelling an@ae a unique contribution of 30.8 %
in the variance accounted for after parental edoicand analytic intelligence were
controlled. In this study, MA (measured by an &ugicomprehension test of
morphemes; participants are asked to indicatedhect picture of a farm animal, a
farm and a farmer when they hear “The farmer i8)bigade a unique contribution to

invented spelling of 4% after PA is controlled. @ade an additional 10% unique
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contribution over and beyond PA and MA. It is imjamit to note that in this study, the
authors found that the inclusion of the controliafales in the regression models may
have masked the true relevance of MA in inventedlisig. PA and OA withstood the
inclusion of control variables. The MA measure \@asociated with the PA measure,
combining raw scores of the three subtests, antdebgal Character measure of the OA
construct after age, parent education, and analyhtelligence were statistically
controlled. The partial correlation matrix showikdt the Permissible Sequences
measure was not correlated with the PA and MA nreasand not even with the Legal
Letter measure.

The results of the Ouellette and Sénéchal (20Q8lysivere complemented by a
recent study focusing on word reading by RomanhKiParrila, Wade-Woolley and
Deacon (2009). In this study, the authors investididour factors concurrently among
92 children in Grades 4, 6 and 8 from seven rugiabsls in Canada. These four factors
were PA (measured by the CTOPP Elision subteat)jntaspeed, OA (measured by
Olson’s orthographic choice task), and MA (measirgd morpheme production task
with syntactic cues and a word analogy task). R& velated with OA (r = .26§,<
0.05) and with MA (r =.483) < 0.01). MA and OA were also statistically sigcaintly
correlated (r = .609 < .001). MA and OA were more highly correlatedrtrother
predictors in this study. In predicting real woeadding, when entered together into the
multiple regression analysis in one step, age,[PA 204,p<.01), OAB3 = .411,p
<.001) and MAB =.274,p < .01) were all statistically significant predicspwhereas

rapid naming was not. OA, measured by an orthogcagitoice task, was the strongest
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predictor of the three. In predicting pseudowadding, rapid naming again failed to be
a statistically significant predictor. The relaistrength of PA, MA and OA in

predicting the reading outcome changed as well.b@&ame the strongest predictor for
pseudoword reading (= .289,p < .001), followed by MA 8= .283,p < .05), and then

OA (B = .255,p < .05).

Taken together, it is reasonable to argue thatdand MA are inter-correlated
factors and each makes a unique contributioneoality outcomes. It is clearly
demonstrated by the three theoretical models thathgphasis on PA is a common theme
in theories of literacy acquisition. The resultteogéd by empirical studies, however, are
highly consistent with the “repertoire theory” tlehphasizes an interwoven relationship
among phonological, morphological, and orthogragniowledge and skills. The phase
model and the dual foundation model (that is basethe phase model) may be called
into question by empirical studies regarding wheh &nerges; however, by and large,
these two models are reliable in interpreting tlatronships among PA, OA and MA.

Interrelation of PA, OA and MA for Speakers of Cége

Theoretically, models of cognitive components atetdcy outcomes for
English-speaking children have developed tremergdd@dsab-Moghaddam & Sénéchal,
2001). However, little work has been done to makelL2 English literacy acquisition
of children with different L1s, in this case, Chsee Will models created for
monolingual English-speaking children also be abldescribe L2 English-learning

children’s literacy acquisition?
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Predictors for monolingual English learners’ spejlacquisition may differ from
predictors for ESL learners in predicting spellpggformance. Jongejan, Verhoeven,
and Siegel (2007) measured the basic literacysskiit related cognitive processes of
212 ESL children and English monolingual childresni ' to 4" grade in Canada and
found that predictors for spelling abilities fortiva English-speaking children, such as
verbal working memory and syntactic awarenessndiccontribute to the word spelling
abilities of ESL children. The most important potor for spelling abilities for L2
learners in lower grades was PA in English, whixpl@ned 24% of the variance in ESL
spelling ability. In upper grades, PA continuedb#a significant predictor of ESL
spelling ability.

As mentioned in the English L1 models, PA, OA, & develop after a certain
amount of exposure to print. Chinese L1 childrethh\8 or 4 years of English
instruction should develop these processing siebbsonably well even without being
explicitly taught word analysis strategies in EsgliFrom a developmental point of
view, Yin, Anderson and Zhu (2007) investigated Clnese children learning English
as a foreign language if24"™ and &' grades in mainland China and found that Chinese
children follow stages of pre-alphabetic, partiphabetic and full alphabetic like those
of English monolingual children in English word dgzg. They also found that Chinese
children more readily made onset-vowel analogias ttowel-coda analogies. The
results indicated that although L1 Chinese L2 Esigtihildren followed a similar
trajectory of English monolingual children in reagliEnglish, their performance on

certain aspects of reading was influenced by thkexperience.
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To what extent the relationship among the lingaistsources, such as PA, MA,
and OA, changes in the Chinese-English model becafuthe L1 influence deserves
serious consideration. Rickard Liow (1999) argtread L1-Chinese L2English-speaking
children who had no explicit phonemic awarenessitrg may have adopted visual
(logographic) strategies for an extended periocbse such processing did not rely on a
good auditory vocabulary, nor on an understandfrierelationship between spoken
and written forms. She also suggested that witerdranced vocabulary in English, and
more exposure to an alphabetic script, Chineset&mngllingual children’s PA in
English would increase eventually.

Wang, Cheng and Chen (2006) studied a group ofeSkHiEnglish bilingual
children (n = 67) in Grades 1-5 in a weekend Clarszhool in the US and measured
their MA and reading-related outcomes. Among thaskelren, 47% reported Chinese as
their first language and 31% learned English anoh€de simultaneously. Pinyin
instruction was available in the Chinese schoo} tittended. School-aged children are
routinely taught Pinyin as they are learning tadr€hinese in China but in heritage
language programs in the US, Pinyin instructioa aurricular decision of the specific
program. The results showed that PA and MA in Eglvere correlated. The Pearson
correlation coefficient between phoneme deletioth @mpound morphology was 0.49
(p <0.001). The correlation between phoneme deletmal derivational morphology
(extract the base type measure) was p590@.001). The correlation between compound
morphology and derivational morphology was 063 (0.001). In predicting English

word reading, English phoneme deletion uniquelyl@rpd 13% of the variance irfR
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change (p < 0.001) after age, grade level and Emglial vocabulary were statistically
controlled. English derivational morphology enteedter English phoneme deletion in
the hierarchical regression analysis accountedrother 10% in Rchange (p < 0.01).
The relationship of PA and MA in this Chinese-Eslglbilingual sample was quite
similar with that of English L1 models, except tirdt accounted for a smaller amount of
variance in word reading. This result might beilatittable to the fact that these Chinese
children attend English schools during weekdayshew English L2 skills increased
rapidly with English instruction.

In another study, when PA, MA and OA were invesgdasimultaneously among
Chinese-English bilingual children in the US (agé.& years), Wang, Yang and Cheng
(2009) found that OA (measured by orthographic ohtask, e.gheffor ffeb) and PA
(measured by phoneme deletion) were statisticailyificantly correlatedr(= .27,p
<.05). MA (measured by compound structure) wdyg statistically significantly
correlated with PAr(= .40,p < 0.01) but not with OA. The strength of assooiati
between PA and real word reading and non-word ngagere the samedq= .34,p <
0.01). Both MA and OA were statistically signifiggncorrelated with reading outcomes.
All of the correlation coefficients were calculateih age was controlled. In multiple
linear regression analyses, OA was the strongesligior of real word reading outcome
compared with PA and MA in this sample. PA and @&headded unique contributions
to nonword reading. MA failed to do so, which migjet because of the measure selected

has inherent limitations (only measured compoundils).
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The modification of the model for L1 Chinese andBigylish children would
mainly be on the strength of the association anfgOA and MA and between PA,
OA and MA and literacy outcomes. All three factsh®uld be important and
contributing independently to the new model. hypothesized that the predictive
strength of OA was stronger for the Chinese-Engdhifhgual group than it was for the
native English-speaking group, because of the argthvisual orthographic processing
skills developed in their L1 Chinese. As for MAgpious literature has shown that
Chinese readers depend heavily on morphologicatnmdtion in order to read Chinese.
Chinese-English bilinguals if"&rade should be able to rely on this skill whearréng
to read and spell in English. Together with PA @#l they should all be contributing
to the spelling outcome.

Taking into consideration the cognitive procesddsnglish spelling and given
that these processes are influenced by the natarthography, English learners with
Chinese language background are hypothesized tegsspelling differently than
native English spellers. The question of how thesgitive components work together
and separately for the two groups deserves secimusideration. The study was framed
through two research questions:

Research Questions:

1. Are the factorial structures of the three cargts (OA, MA and PA)

equivalent across the American and the Chinesep@r&iunot, how do they differ?
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2. How are the regression paths from the latenabkes (OA, MA and PA) to
English spelling scores (as measured by Test at&krSpelling) different across

the American and the Chinese groups?



34

CHAPTER I
METHOD
Participants
The Chinese participants (N = 537) were recruitechfnine intact classes in a
secondary school in a northeastern city in Chiha.participate in this study,
participants’ parents were asked to sign a corfeemt approved by the Human Subjects’
Protection Program at Texas A&M University. Thetggpants were screened for
history of receipt of special educational serviégty one and one-tenths percent
(51.1%) of the Chinese participants were femaleofding to government statistics
(Ministry of Education of the People’s Republic@tina, 2009), among all students in
regular junior secondary schools, 47.32% were fen#sll of the Chinese participants
were &' graders with an average age of 14 years and 2hs@D = 6 months).Years of
education completed by parents ranged from 2 tge24s. Mean years of education for
mother M = 11.89,SD= 2.69) were less than that for fathdvs< 13.16,SD= 2.86).
For mothers, 3.1% had completed elementary scB8®3% had completed middle
school (also called junior secondary school) an8%3inished high school; and 29.2%
had some kind of tertiary education. For father4%d had completed elementary schoaol,
43.2% had completed middle school and high scleoal;55.4% had some kind of
tertiary education.
Family income ranged from less than ¥10,000 (RMB,dfficial currency of the
People’s Republic of China) per year (approximatéBy$1428.00) to over ¥1, 000,000

per year (approximately US $ 142,857.00).The medrarual family income for this
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sample was from ¥50,000 to 80, 000. Seven ancesith$ percent (7.6%) of the families
in the sample reported earning less than ¥10,0D0;% reported earning an annual
income from ¥50,000 to 80, 000; 21.4% earned fr8®&00 to 150, 000; and 3.8% of
the families had an income over 1, 000, 000 RMByger.

At home, about 57.6% of the parents are not abltelo their child learn English
and 42.4% of the parents are able to help theld édarn English. Thirty eight percent
of the Chinese sample sought extra English tutériagses in addition to the English
instruction at school. Most of the students hadcené&een to any English-speaking
countries; only 3.4% had been to an English-spgagauntry. Their stay in the English-
speaking country ranged from 3 days to 6 months.

Chinese-English students in Grade 8 were choseihédiollowing reasons:

1) At the junior high (middle) school level, a majgraf schools adopt the required
textbooks of the national curriculum. English instion as a required school
subject starts as early adgrade and no later thaff grade. All Chinese
provinces, other than some metropolitan cities fiscBeijing and Shanghai,
have adopted a national curriculum in English ingion. However, in primary
schools, textbooks used for English instructioryvar

2) Chinese EFL students have limited exposure to Engtiput (auditory or visual
input). Students in primary schools receive tworsa@f instruction in English
each week. From Grade 7, they receive one houngligh instruction each day
for five days a week and 16-18 weeks per semebtachers usually have a

bachelor’s degree or a teaching credential fromersities and typically do not
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speak English very well. Many children seek extnglih tutoring from

commercial English training institutions or takeadhelasses in individual

teachers’ homes. Parents are not able to providd mssistance in English
unless they are highly educated.

3) Some of the measures that are selected contacalegtiammatical cues that
students in lower grades probably would not undestFor example, in the
morphological analogy task, participants shouldehlavowledge about tense
(e.q., past, progressive and present) to makenhlegy. Tense markers are
taught in Grade 7 and 8 but not usually at primevel.

American students of Grade 3 in the United Stat®wecruited as the
comparison group. Grade 3 was decided through cosgps of text readability. Ten
excerpts from the textbook used by the Chinesefmgilingual participants were
analyzed for readability levels and according tesEh-Kincaid formula, the Grade
Level was found to be 3.19.

The American participants (N = 183) were recruitedn two states, Minnesota
and Texas. The average age was 8B 0; 6). The Minnesota sample came from one
public elementary school, of which 94.9% of thégade participated. According to the
School NCLB Data Report available from the Minnasbepartment of Education
(2010), the % grade students were mostly White (96.97%). Ofetfitire grade level (n
=99), 11 (11.11%) qualified for free and/or redupeide lunch (FRP). The FRP rate of
3" graders was higher than that of the overall schatel (6%) but lower than the overall

state rate (36%). FRP is often regarded as andtatiof socio-economic status (SES).
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In this case, the participants from Minnesota wesm either mid- or high SES
background. Table 1 provides the reported demoggaptormation for the Minnesota
data. Five students who either did not attend datwodhe testing day or missing the
entire spelling test were excluded from the sanmelgylting in a number of 94
participants from Minnesota. Among the 94, paraois, 48 (51.1%) were boys. Eighty
nine and one tenths percent (89.1%) knew only Ehglnd 10.9% knew a language

other than English.

Table 1 Minnesota participant information obtairfiexain 2010 School NCLB Data
Report (n = 99)

Percentage Frequency

Ethnicity American Indian 1.01% 1
Asian/Pacific Islander 1.01% 1
Black 0.00% -
Hispanic 1.01% 1
White 96.97% 96
Gender Male 55.56% 55
Female 44.44% 44
Other Special 25.25% 25
FRP 11.11% 11
LEP 0.00% -

Note: Special = Special Education; FRP = Free and retipdee lunch; LEP = Limited
English Proficiency

The Texas sample was obtained from two public sshadHouston ISD, with a
combined number of 89 participants. Of the entarab group of children, 53.9% of the

participants were boys. Compared to the Minnesataple, the ethnicity composition
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for the Texas sample demonstrated more diversty@% are Asian/Pacific Islander;
11.9% are Black; 25.0% are Hispanic and 45.2% dngalV

A subsample of 166 American participants and 33@&de participants were
selected to include in the final analyses accortindpe completeness of their testing
data. The average age of the Chinese participarkeifinal sample was 14; 3D = 0;
5) and the average age of the American participarttse final sample was 9; SD= 0;
6). Fifty three percent (53%) of the American papants and 41% of the Chinese
participants were boys. Figure 1 provides infororabn parents’ levels of education for
the Chinese participants. The median for mothewnell of education was high school
(47.3%) and the median for father’s level of ediratvas bachelor’s degree (43.0%).
On average, fathers received more years of educ@ic= 13.27,SD= 2.78, valid n =

228) than mothers = 12.02,SD= 2.63, valid n = 237).
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The median annual family income for the final Cls@sample was still from
¥50,000 to 80,000. Eight percent of the familiethia sample reported earning less than
¥ 10,000; 19.6 % reported earning an annual indoome ¥50,000 to 80, 000; and
20.5% earned from ¥80,000 to 150,000; 2.7% of &nalfes had an income over
1,000,000 RMB per year. Figure 2 shows the anramall§ income distribution in

Renminbi of the Chinese participants.
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Demographic information was not available at indwal child level for the
Minnesota data. The ethnicity composition of theakeparticipants included in the final

sample represented that of the initial sample (Sgeare 3 for details).
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Fig. 3 Ethnicity composition of the Arrean participants from Texas (n = 81)

Data Collection
Data collection took place during the summer of@Gdom May to September.
Testing for the Chinese group was carried outassiooms and an auditorium during

the self-study period, which was from 4:00-5:00 pdoring school days. The test
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stimuli were pre-recorded and played to the stugl@r@sts were administered by the
researcher with the help of English teachers. $tisdeere informed prior to the testing
that these tests would not affect their acadenaicdshg or their relationship with the
teachers and their school. Parent consent formstadént assent forms were obtained
prior to data collection. The entire testing sess&sted about 60 minutes. For the
American grouf, tests were administered by the researcher withagisistance of the
classroom teachers. Test items were pre-recordie@laged to the participants but in
some cases, the classroom teacher read the itemssdructions to the participants. The
testing time and the order in which the tests vggren were the same for both groups.
Instruments

Both groups were tested with the following measiares the reliability
coefficients of the test scores of each test waleutated based on the Cronbach alpha
method.
Word Spelling

Real Word Spelling. Test of Written Spelling (TWS) IV-Form A (Larsen,
Hammill, & Moates, 1999) was used to assess woetlisg ability in this study. The
task consisted of 50 words that varied in lengbimfitwo to eleven letters, for example
us, strong, institution, spend, distrieidagriculture The participants first heard the

target word and then the target word in a senteftoey heard the target word again at

2 In this record of study, the terms “American groap“American model” were used loosely to refer to
English-speaking students in Grade 3 in the Urfstades. With full understanding that America in@sid
North America and South America and North Ameris® énclude Canada, no better term is available to
contrast with the “Chinese group” or “Chinese médehich includes only the sample drawn from
mainland China.
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the end. A female voice reading the test was reszbeshd played to the participants in
China using audio equipment. The research assssaack classroom teachers who were
trained to administer this task read the wordshentést and the corresponding sentences
to the participants in the US. This spelling testasured word-specific knowledge stored
in the mental lexicon. The responses were scoredrasct or incorrect. No standard
spelling score was available for Chinese-Engligimndpiial students; therefore, only the
raw scores of this test were used in the analyasicipants were instructed to write
only the target word and not the sentence andwesg encouraged to attempt even
when they did not know surely how to spell the ¢éargord. The reported test-retest
reliability coefficient for TWS is 0.96 for the moed sample. The test scores of the
current study had a high reliability of 0.91 in #heerican sample and a median
reliability of 0.76 in the Chinese sample.

Testing Procedures. For the Chinese sample, all of the spelling slinvare
read by a middle-aged female whose native languageEnglish and were recorded
using the computer program Audacity and playedhéoparticipants using a compact
disk (CD) player. The purpose of this was to ensoresistent pronunciations across
multiple administration of the test. The particifmawere instructed that they would need
to follow the pace of the audio tape and the eméiséing time was approximately 13
minutes. For the American sample, spelling stimudre read to the participants by their
classroom teachers and by experienced researdtaamgsiwho were trained to
administer this test battery. The entire testingetfor this task ranged from 12 to 15

minutes.
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Orthographic Knowledge

Orthographic Choice-A (OCA). The task consisted of 40 groups of three words
that were selected from an orthographic procedsisigdeveloped by Aaron, Joshi and
Williams (1999). This task is a variation of anhmjraphic or homophone choice task
(rain vs.rane Cunningham, Perry, & Stanovich, 2001; Olson, berg, Wise, & Rack,
1994). It was used to assess children’s word-sigemithographic knowledge while
controlling for phonology. In this task, particigarwere asked to identify among three
words that were pronounced the same one word thainet a real English word.
Participants were asked to circle the one thatveasn English word on the test answer
sheet. For example, in each of the following roeusle the one that is NOT an English
word, see sea ce&Vhich one is not an English wogke, seandcee? Ceés not an
English word, circlecee Two practice items were provided for the paraeifs to
understand the test (see Appendix A for a compilgttef items and answer key). The
test scores of OCA in the current study had angabée reliability of 0.75 in the
American sample and 0.77 in the Chinese sample.

Orthographic Choice-B (OCB). This measure was initially developed by Cassar
and Treiman (1997) and was modified and used bygMaarfetti, and Liu (2005). The
measure contained 18 items that “tapped into amlidrsensitivity to various
orthographic patterns in English” (Wang et al, 200575), such as permissible positions
for certain graphic units (e.gyvhich one looks like a real English word, befffets?).

The test scores on 18 items for the Chinese saofiphes current study had a reliability

coefficient (Cronbaclx) of 0.72 and for the American sample a Cronbacii 0.71.
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Morphological Awareness

Word Form Exercise (Real Word) (WFE). The Word Form Exercise (Real
Word) task also called Extract the Base (August.e2001) was developed by
researchers at Center for Applied Linguistics basednglin (1993) and Carlisle (1988).
It is designed to assess children’s knowledge grameal roles and knowledge of the
word parts. The tests require the participant toaex the base from a derived word.
Derived morphology is usually more difficult tharetinflected morphology. For
example: a. farmer. My uncle works on a . (larktotal of 28 test items plus six
practice items represent four kinds of morpholodi@amsformations. The reliability
coefficient was 0.98 for scores of this test in@#L pilot study (August et al., 2001).

In the current study, the test scores of WFW hadrg satisfactory reliability of 0.93 in
the American sample and 0.92 in the Chinese saipfgndix A shows a detailed
scoring rubric with examples from both groups.

Word Form Exercise (Non Word) (WFENW). This task was adopted from
Nunes, Bryant and Bindman (1997). In this task{igigants had to read a written
scenario of a person doing something in which #r®wnoun or adjective was described
with a pseudoword. The pseudoword always appearned tind in two forms in the
written stimuli, and the participant was requiregtoduce inflectional morphemes
including plural and past tense for the pseudowtrd#l in the blank or to find the base
for the pseudoword after having seen the word waffires. For example, this isveug
Now there is another one. There are two of therer§lare two __ (wugs). The

scoring was based on a scale of 0-2. See Appenttik &ddetailed scoring rubric. The
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test scores of WFENW in the current study had @ep@table reliability of 0.82 in the
American sample and 0.79 in the Chinese sample.
Phonological Awareness

Speech Sound/Syllable Counting (SSSC). This task was developed by the
researcher and was composed of two parts: PareAespsound counting and Part B-
syllable counting. Each part had 15 items. In Ragarticipants were asked to count
“how many speech sounds are there in the followmingds”. For example, the word
“cat” has three speech sounds, /k/, /ee/ and /€.pEmticipant heard the target word twice
and then wrote the number 3 in the correspondiagespn the answer sheet. In Part B,
participants were asked to count "how many spegtdbtes are there in the following
words". For example, the word “together” has theg@éables, &4/, /ge/ and /d. In the
current study, the test scores of SSSC had a mediliability of 0.77 in the American
sample and a reliability of 0.83 in the Chinese gi@mThe entire test and corresponding
item analysis are presented in Appendix A.

Sound Oddity Task (SOT). Adopted from James (2006), this task has a total of
30 items, including initial, final and middle phane judgment (see Appendix A). Each
subtest on first sound different, end sound diffeeend middle sound different has 10
items. Two practice items for each subtest werergito ensure that participants
understood the test. In this task, participantd mathe test paper the four words with
the corresponding graphemes of the tested phonemas/ed while hearing the words
from an audio CD. They were then asked to cirakedhe with a different first or end or

middle phoneme. For example, in the first condi(imitial phoneme), they would read
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_ot, _od, ock, oxin arow, while listening t&€B or to the tester, rot, rod, rock, box,
and then they would circle _ox for the correct amswBy doing this, the influence of
orthographic knowledge was removed by removinditsegrapheme. To lessen the
memory load for the participants, remaining grapémhat were not focused were
represented in writing. The reliability (cronbachwas 0.89 based on the test scores of
the American group and 0.82 based on the testsodtbe Chinese group in the current
study (Item analyses are presented in Appendix B).

Demographic variables were obtained from the Lagackground
Questionnaire that filled out by the students thelmes before the first testing session
were conducted. The Chinese version of the LiteBaxgkground Questionnaire consists
of demographic information (e.g. name, gender, daterth, class, school, maternal
education level, maternal occupation, paternal atiliic level and paternal occupation
and family income), English language resources,(eugmber of English textbooks,
number of non-textbooks at home, knowledge of odneguages besides Chinese and
English, hours of outside English Tutoring per wese of first English class,
experience of visiting a native English-speakingrdoy) and if there is Chinese reading
difficulty identified (confirmed by Chinese teacharschool). The length of formal
English instruction was computed by subtracting afg&st English class from
chronological age. The English version of theetaty Background Questionnaire
consists of demographic information (e.g. namedggrdate of birth, class, school, if a

language other than English is spoken at homefahdrie is documented impairments
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in visual, speech and language). The questionmaisecompleted by the participants
with the help of classroom teachers.

The entire test battery and the questionnaire weéneinistered in a one hour
testing session. Chinese participants in grou@db 70 and the American participants
in groups of 20 to 30 were given these measurdésbed researchers or classroom
teachers who have practiced prior to giving theste$he participants were told that the

tests would not count for class credit and woulth®reported.
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RESULTS

Descriptive Statistics
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Table 2 shows the means, standard deviations, nuaxiand minimum scores,

skewness and kurtosis for all measures includéderstudy for both groups.

Table 2 Ranges, means, standard deviations, skewvaneskurtosis for all measures

American (N =166)

Measure Min. Max. M SD Skewness S.EKurtosis S.E.
TWS 1 39 19.95 6.87 -0.06 0.19 0.13 0.37
OCA 17 40 34.11 3.92 -1.64 0.19 3.73 0.37
OoCB 1 18 15.03 2.62 -2.53 0.19 8.18 0.37
WFE 0 83 63.56 13.86 -1.63 0.19 3.84 0.37
WFENW 0 20 9.69 5.17 -0.39 0.19 -0.79 0.37
SSSC 1 27 16.23  4.69 -0.25 0.19 0.18 0.37
SOT 6 30 2496 5.22 -1.58 0.19 2.32 0.37
Chinese (N=339)
TWS 2 22 10.64 3.16 0.68 0.13 0.59 0.26
OCA 9 36 27.86 4.13 -1.03 0.13 2.04 0.26
OCB 1 18 1352 3.02 -1.72 0.13 3.39 0.26
WFE 0 63 36.80 16.29 -0.49 0.13 -0.69 0.26
WFENW 0 19 9.14 499 -0.21 0.13 -0.87 0.26
SSSC 0 28 1353 5.70 0.52 0.13 -0.37 0.26
SOT 7 30 24.80 3.77 -1.99 0.13 5.88 0.26
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The Chinese group scored lower than the Americanmon all seven measures.
Independent sample t-test was calculated for a#rseneasures for both groups (see
Table 3). The t-test results indicated statiststgihificance for all but two tasks: Word
Form Exercise Non Word (WEFNW) and Sound OdditykTE&OT). These two tasks
measure lexical analytical skills by removing tlffe@ of vocabulary size. WFENW
uses non words in a sentence context with fairhp$e syntactical structures. SOT
included stimuli which have simple three-phonenmecttires; to complete this task, no
semantic information is needed. Therefore, contrglfor syntactical and semantic

ability, the two groups are comparable on theifqremance.

Table 3 Results of independent sample t-test
American (N=166) Chinese (N=339)

Measure M SD M SD t p

TWS 19.95 6.87 10.64 3.16 16.62 -
OCA 34.11 3.92 27.86 4.13 16.53 -
OoCB 15.03 2.63 13.52 3.02 5.77 -
WFE 63.56 13.86 36.80 16.29 19.22 -
WFENW 9.69 5.17 9.14 4.99 1.15 0.25
SSSC 16.23 4.69 13.53 5.70 5.65 -
SOT 24.96 5.22 24.80 3.78 0.36 0.72

Note:t-test equal variance is not assumed

As for the performance on TWS, the score rangé®fGhinese group (20.00)

was smaller than that of the American group (38.08% Chinese group generally had
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less variability in their scores on the measureg@saled by smaller standard deviations,
except for Word Form Exercise. TB® of TWS was 3.16 for the Chinese groups and
6.87 for the American group. The fact that ther@se group is learning to spell mainly
from textbooks may explain this high level of horangity in the spelling scores. The

SD of WFE was larger for the Chinese group than theAcan group, which indicated
that Chinese students demonstrated more indivicarétion in the morphological task.
These variations may be caused by different legrairategies and the effect of
pedagogy and instruction.

Table 4 shows zero-order correlations among allsoneal variables. A close
examination of the table revealed that the conaatbetween TWS and the two MA
measures (WFE, r = 0.63, p < .01 and WFENW, r §,006< .01) were the two highest
for the American group. For the Chinese group ctireelation coefficient between TWS
and WFENW was also the largest among all of theetatrons, r = 0.40, p < .01. Third,
TWS also closely correlated with OCA for both greup= 0.59, p < .01 (American) and

r=0.32, p <.01 (Chinese).
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Table 4 Intercorrelations among all measured viesab

Measure 1 2 3 4 5 6 7
1.TWS _ H59** A7 .63** .60** .36** A7

2.0CA 32%* - A5 .63** .38** 23** A1

3.0CB 23** 23** - 25%* 0.15 0.01 26**
4. WFE 27 .28** 0.1 58** .36** D1

S5.WFENW .40** 30** 22%* 37+ . A43** A0**

6.SSSC .30** 25%* 16** 24%* 32+ - .36**
7.50T 27+ A12* A5%* 0.1 .26** 33** -

Note:Intercorrelations for American participants£ 166) are presented above the

diagonal and intercorrelations for Chinese paréinig ( = 339) are presented below the

diagonal. * p<.05; ** p < .01.

Model Testing
All of the participants who had complete data£N= 505, N\merican= 166, and
Nchinese= 339) were included in the subsequent modelnggtrocedures to examine the
three factor (OA, MA and PA) CFA model and the stuwal model with the endogenous
variable—spelling (measured by TWS). The data vaeedyzed using multiple group
structural equation modeling, the general aim oiclvlwas to determine whether the

factorial structures and the casual structures wea@iant across the American and the

Chinese groups.
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All structural equation modeling was performed wMplus and/or AMOS. |
followed the procedures of testing for multigronpariance described in Byrne (2010).
The first step was to test the equality of covareamatrices across the two groups of
interest, with a null hypothesis ¢} expressed @sAmerican =Y Chinese. In this
hypothesisy’ is the population variance-covariance matrix. B@&p@ of the null
hypothesis suggests that the groups may not beagqat; however, failing to reject the
null hypothesis suggests that the groups are litcehave invariant covariance matrices.
+*is often used to determine if the null hypothesigejected or not. Howevefis
sample size sensitive. As mentioned before, SEMiasge sample method, and with a
large sample, the value of the/? statistic is often small and the null is alway=osgd
(Thompson, 2000).

Determining the Baseline CFA Model

The first step is to determine the baseline mabkgarately, for each group. To

establish the baseline model, the hypothesized hpodsented in Figure 4 was

evaluated separately for the American and the Ghigeoup.
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Fig. 4 Initially hypothesized model of a threettacstructure (PA, MA and OA)
for both groups

Note: The oval shapes represent the latent constru€@stbbgraphic Awareness
(OA), Morphological Awareness (MA), Phonological Ameness (PA) and el to
e6 represent measurement errors associated witht&sc The rectangles
represent observed variables of orthographic ch®ig@CA), orthographic
choice B (legal letter sequences) (OCB), word fesarcise (extract the base)
(WEF), word form exercise (non-word) (WFWNW), spesound and syllable

counting (SSSC), and sound oddity task (SOT).
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Because of the limitation of thé statistic, several other model fix indices need
to be used to evaluate the overall fit of the medelthe data. The Comparative Fit
Index (CFI) is an incremental index that rangesif®to 1. The number closer to 1.00
indicates a better fit of the model to the datai anid Bentler (1999) set the benchmark
value of CFI to 0.95 to indicate reasonably gotdline Root Mean Square Error of
Approximation (RMSEA) focuses on estimated popalafit (Thompson, 2000) and is
a measure of error of approximation. It is alsaraction of the complexity of the model.
A value approaching zero is desired and a valigetiem .08 indicates a good fit
(Browne & Cudeck, 1993). Confidence interval fastmodel fit index needs to be
reported. RMSEA is also the index that is mostarsize sensitive among others.
When sample size is small, RMSEA tends to be large.Standard Root Mean Square
Residual (SRMR) is “a measure of the mean abschuelation residual, the overall
difference between the observed and predictedlatioes values of the SRMR less
than .10 are generally considered favorable” (KIR@0O5, p. 141).

The hypothesized model in Figure 4 was fitted ®dbrrelation matrices of
Table 3 separately for the two groups using MpMattién & Muthén, 2007). For the
American group, the values of selected indexesatdimoderate overall fit of the three-
factor CFA modely? ¢ = 17.789p < .01, CFI = .958, RMSEA = .109 with the 90%
confidence interval .052 - .169, and SRMR = .04&e solution was not admissible,
because the unstandardized residual variance fév\4S negative (-1.26% > .05).

In order to obtain an admissible solution, indica@CA's residual variance needed to

be fixed to 0.01 in the subsequent model testingguure. The model modification
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index suggested that SSSC should correlate with MY¥Ewith an M.I. of 10.448, EPC
= 4.626. If the model was modified, according te thodification index, with
correlating the error terms of SSSC and WFENWelldgd a better fitted model for the
American groupy® ) = 7.454,p> .05, CFI = .991, RMSEA = .054 with the 90%
confidence interval 0.000 - 0.130, and SRMR = 0.@8dwever, because there was no
theoretical support for this relationship, this rabohodification was not implemented
(Thompson, 2000).

For the Chinese group, a converged, admissibldisnlwas obtained, and the
values of selected indexes indicated very goodadivr of the three-factor CFA model:
v’) = 8.704p> .05, CFI = 0.987, RMSEA = 0.036 with the 90% ddefce interval
0.000 - 0.085, and SRMR = 0.023. The standardizetf loadings of OCB on OA
(0.384) and SOT on PA (0.470) were quite low coragdo other factor loadings. The
standardized factor loading of WFENW on MA was higlv09,p < 0.01, which meant
that when the MA factor increased by 1 standardadiew, the score on WFENW
increased by 0.709 standard deviations. No madiéo index was provided for the
Chinese group.

R-square statistics indicated that MA factor wattdpenanifested through WFE
among the American participants but through WFENWb@ag the Chinese participants.
Interestingly, PA was better manifested through $@ibng the American group but
through SSSC among the Chinese group. As for thé&aCtor, OCA was a better

indicator for both groups.
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The correlation coefficients among the three factor the Chinese groups were
0.756 (MA with OA), 0.581 (PA with OA), and 0.65BA with MA). The correlation
between OA and MA was the highest among all thogeetations. The correlation
coefficients between PA and OA across the two gsaugre very similar, 0.581 for the
Chinese and 0.528 for the American. All standadiizarameter estimates for the two

groups are summarized in Table 5.

Table 5 Summary of parameters in the initially hyyesized CFA models

American Chinese
Parameter
Standardized SE Standardized SE

Factor loading

OABY OCA 1.041** 0.111 0.589*** 0.085
OA BY OCB 0.429*** 0.078 0.384*** 0.069
MA BY WFE 0.893*** 0.046 0.525*** 0.059
MA BY WFENW 0.652*** 0.055 0.709***  0.065
PABY SSSC  0.519*** 0.075 0.698**+*  0.08
PABY SOT 0.697*** 0.077 0.47** 0.066
Correlation
MA U OA 0.656*** 0.088 0.756*** 0.117
PAU OA 0.528** 0.104 0.581***  0.12

PAU MA 0.831** 0.098 0.65** 0.093
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American Chinese
Parameter

Standardized SE Standardized SE
R-square

OCA undefined 0.347* 0.101

oCB 0.184** 0.067 0.148** 0.053

WFE 0.797** 0.082 0.276*** 0.062

WFENW 0.425*** 0.071 0.502*** 0.092

SSSC 0.269** 0.078 0.487** 0.112

SOT 0.486*** 0.108 0.221** 0.062

** p< .01, ** p < .001

Research Q1. Are the factorial structures of theeltonstructs (OA, MA and PA)
equivalent across the American and the Chinesep@rtunot, how do they differ?
The Configural CFA Model

Based on results of the model testing in the §itgp, only one modification was
made. That was, the residual variance for OCA, Wwhias not positive definite, was
fixed to 0.01 for the American group and only foe American group. The modified
model was named the configural CFA model. Theffthe configural model provided
the baseline value for further model comparison.

Presented in Figure 5a and 5b are the standardstedates of the configural
model for the American and the Chinese group. Withdicators, there were (6*7)/2 =

21 observations for each group, so the total avigldegrees of freedom for the two
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groups were 42. With the first indicator as the keawvariable for each factor (regression
weight from the factor to the indicator was fixedlt 00), this model had 29 parameters
to be estimated, including 6 error variances, Bofdoadings, 3 factor variances and 3
factor correlations for the Chinese group, andrérerariances, 3 factor loadings and 3
factor variances and 3 factor correlations forAhgerican group. The degrees of
freedom equaled to 13 (= 42-29). Multiple group GR#édel was tested using AMOS
16.0 (Arbuckle, 2007). A converged, admissible Bofuwas obtained, and the values of
selected indexes indicated good overall fit ofttiree-factor CFA mode} 13) = 26.514,
p=0.14, CFl = 0.972, RMSEA = 0.045 with the 90%fodence interval 0.020 - 0.070,

AIC = 84.514.

OCA «——

OoCB «——

WFE «

0.55

WFENW  [¢&——

sssc|*

0.70 SOT i

Fig. 5aStandardized estimates of the configural CFA m{éleierican)
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Fig. 5b Standardized estimates of the configura @edel (Chinese)
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Akaike Information Criterion (AIC) jgenalized-likelihood criteria (Kline,

2005). Like RMSEA, AIC is influenced by model corapity. A smaller AIC is desired
because represents the distance between therfitiddl and the reality of the data.

Table 6 shows the results of the configural CFA elddr the American and the
Chinese groups. For the American group, the stalkad factor loading from WFE to
MA was higher than WFENW to MA. When MA increasedlbstandard deviation,
WFE went up by 0.893 standard deviations and WFEMW went up by 0.651
standard deviations. The standardized factor lgpftorm SOT to PA (i.e., 0.699) was
higher than that from SSSC to PA (i.e., 0.518). WRA increased by 1 standard
deviation, SOT went by 0.699 standard deviatiosS8SC only went up by 0.518
standard deviations. The correlation coefficiemtsong the three factors for the
American group were 0.682 (MA with OA), 0.552 (PRWOA), and 0.829 (PA with

MA). PA and MA were highly correlated among the Aroan participants.



Table 6 Summary of parameters in the configural GfeAlels

Parameter

American
Standardized

p

Chinese
Standardized

Factor loading
OABY OCA
OABY OCB
MA BY WFE
MA BY WFENW
PABY SSSC
PABY SOT

Correlation

MA u OA

PAU OA

PAU MA

R-square

OCA

OoCB

WFE

WFENW
SSSC

SOT

1.000
0.447
0.893
0.651
0.518
0.699

0.682
0.552
0.829

0.999
0.200
0.797
0.424
0.268
0.488

*k%k

*k%

*k%k

*k%k

*k%k

*k%k

0.589
0.384
0.525
0.709
0.698
0.470

0.756
0.581
0.650

0.347
0.148
0.276
0.502
0.487
0.221

*k%k

*k%k

*k*k

*k*k

*k%

*k%

** < .01, **p<.001
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For the Chinese group, contrary to the Americamgythe standardized factor
loading from WFENW to MA was higher than that fréFE to MA. When MA went
up by 1 standard deviation, WFENW went up by 0.§@®dard deviations and WFE
only went up by 0.525 standard deviations. Thedsaedized factor loading from SSSC
to PA was higher than that from SOT to PA. Whena@ht up by 1 standard deviation,
SSSC went by 0.698 standard deviations and SOTveerhy up by 0.470 standard
deviations. The correlation coefficients amongttiree factors for the Chinese group
were 0.756 (MA with OA), 0.581 (PA with OA), and80 (PA with MA). Instead of PA
and MA, MA and OA were highly correlated among @t@nese participants.

Table 7a and 7b show the implied correlation masrior the American group
and the Chinese group. For a saturated modelnthkeid correlation coefficient (also
called structure coefficient) is the same as timepda correlation. For an overidentified
model (one with positive degrees of freedom), thplied correlation between two
measured variables can be different from the saogielation. In that case, if the
model is correct the implied correlation is a bettgtimate of the population correlation
than the sample correlation is (Arbuckle, 2007 altam, Guthrie and Thompson (2003)
argued that in CFA reports involving correlatedtdas, both factor pattern and factor
structure coefficients should be reported and pnteted, because the CFA “pattern and

structure coefficients are equal if and only ifttas are perfectly uncorrelated” (p. 144).



Table 7a Implied correlations for all variablesthe CFA model (American)

Measure 1 2 3 4 5 6 7 8 9
1 PA B
2 MA 0.83
3 OA 0.55 0.68 _
4 SOT 0.70 0.58 0.39 _
5 SSSC 0.52 0.43 0.29 0.36 _
6 WFENW 0.54 0.65 0.44 0.38 0.28
7 WFE 0.74 0.89 0.61 0.52 0.38 0.58
8 OCB 0.25 0.31 0.45 0.17 0.13 0.20 0.27
9 OCA 0.55 0.68 1.00 0.39 0.29 0.44 0.61 0.45

Note: Factor structure coefficients are underlined.

Table 7b Implied correlations for all variableglie CFA model (Chinese)

Measure 1 2 3 4 5 6 7 8 9
1 PA B
2 MA 0.65
3 OA 0.58 0.76  _
4 SOT 0.47 0.31 0.27 _
5 SSSC 0.700.45 0.41 0.33 _
6 WFENW 0.46 0.71 0.54 0.22 0.32
7 WFE 0.34 0.53 0.40 0.16 0.24 0.37
8 OCB 0.22 0.29 0.38 0.11 0.16 0.21 0.15
9 OCA 0.34 0.45 0.59 0.16 0.24 0.32 0.23 0.23

Note: Factor structure coefficients are underlined.
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The Constrained CFA Model

The implied correlations between the factors PA@#dwere highly similar
between the two groups: 0.55 (American) and 0.38n€>e). With constraining the
covariance between two factors, PA and OA, to hekletween the two groups, the
constrained CFA model (see Figure 6) was submittetbr estimation. A converged,
admissible solution was obtained, and the valueleicted indexes indicated slightly
better overall fit of the three-factor CFA modﬁ(:le,) =26.563p =0.022, CFI =0.974,

RMSEA = 0.042 with the 90% confidence interval @01D.067, and AIC = 82.563.

1
1 OCA «—— 0.01

C* > 1

OoCB —

1 1

WFE [¢——

a

1

WFENW |je——

1 1

.

1

SOT «—

Fig. 6 ConstednCFA model



65

Research Q2. How are the regression paths fronatiwet variables (OA, MA and PA)
to English spelling scores (as measured by Tédtrdten Spelling) different across the
American and the Chinese groups?
Baseline Structural Model

To test the contributions of the phonological, nimipgical and orthographic
factors to the prediction of the Test of Writtereipg (TWS) scores, | used latent
variable structural equation modeling (SEM) of to@ariance matrices of the American
and Chinese groups. The analyses were conductegl g AMOS program. Figure 7
presents the hypothesized baseline structural mbdedis model the error variance of
OCA was fixed to 0.01 for the American group anel tbvariance of PA and OA were
constrained to be the same across the two grolpseTorrelated factors PA, MA, and
OA predicted TWS individually. The overall modelias favorabley? 0= 39.940p =
0.005, CFI =0.972, RMSEA = 0.045 with the 90% aderfice interval 0.024 - 0.065,
and AIC = 111.940. However, the regression weigbtsveen the three factors and the
observed exogenous variable TWS were not statlistsignificant for both groups.
These results pointed to the premise that therdateaces were better represented by a
hierarchical factorial structure. In other word® first-order factors might be explained
by a higher order structure. In the case of thehmguistic skills (i.e., PA, MA, OA),
the single second-order factor, according to anrgimg theory, was “linguistic

repertoire” (LING) of literacy development.
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Fig. 7 Hypothesized baseline striadtaquation model
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Second-Order Factor Model and the Structural Model

The structural model to be tested therefore metdh@wing presumptions as
required in Byrne (2010): 1) individual indicatdrer measures ) could be explained by
three first-order factors (PA, OA and MA) and oeeand-order factor (LING); 2) each
indicator had a non-zero loading on the first ofdetor which it should be indicating
and a zero loading on the ones that it should eandhicating; 3) error variances
associated with each indicator were uncorrelateddarhe covariation among the three
first-order factors was explained fully by theigression on the second-order factor. A
graphic representation of this second-order fattodel is presented in Figure 8. The
second-order factor, LING was standardized (vagamas fixed to 1.00) for the purpose
of model-identification, because no marker variatées specified for the factor LING in

the model.
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Fig.S&cond-order factor model
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The exogenous variable TWS was then added to tteedeorder factor model
and structural model estimation yielded the follogvoverall model fix indices:y* 23 =
42.431,p=0.008, CFI = 0.973, RMSEA = 0.041 with the 908fftdence interval 0.021
- 0.060, and AIC = 108.413. For the American grabp,factor loadings of the three
factors (OA, MA, PA) to the second-order factorNG) were 0.702, 0.990, and 0.858,
respectively. The MA factor was most representadivilne LING factor. The PA factor
was secondary followed by the OA factor. The stadidad regression weight from

LING to TWS was 0.801 (See Figure 9a).

> P @9

OCA OCB WFE WFENW S88C 50T

Fig. 9a Standardized estimates ofthectural model (American)
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For the Chinese group, the factor logsliof the three factors (OA, MA, PA) to
the second-order factor (LING) were 0.856, 0.8Tih, @.746, respectively. Similar to the
American group, the MA factor was most represeveadif the LING factor; however,
the OA factor was a stronger representative tharPthfactor. Whereas for the American
group, it was the opposite: the PA factor was angfer representative than the OA factor.
The standardized regression weight from LING to TWS 0.634 (See Figure 9b).

Results of the estimated model parameters are stiredan Table 8.

QOCA OCB WFE SOT

WFENW S88C

Fig. 9b Standardized estimatethefstructural model (Chinese)
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Table 8 Summary of parameters in the final strattomodels

Parameter

American

Chinese

Standardized SE Standardized SE

Regression Weights
LING BY OA
LING BY MA

LING BY PA
OABY OCA
OABY OCB

MA BY WFE
MA BY WFENW
PABY SSSC
PABY SOT
LING ON TWS

R-square

TWS
OCA
OCB
WFE
WFENW
SSSC
SOT

OA

MA

PA

0.702***
0.990***
0.858***
1.000

0.44 7%+
0.832

0.699***
0.524

0.691***
0.801***

0.641***
0.999***
0.200***
0.693***
0.488***
0.274%**
0.44 7%+
0.493***
0.981***
0.736***

0.048
0.044
0.081
0.000
0.062
0.040
0.048
0.073
0.073
0.040

0.064
0.000
0.056
0.067
0.067
0.076
0.101
0.068
0.086
0.139

0.856***
0.871***
0.746***
0.575
0.394***
0.514
0.725***
0.660
0.497***
0.634***

0.402%**
0.330***
0.155**

0.264***
0.525***
0.435***
0.247***
0.732***
0.758***
0.557***

0.107
0.074
0.080
0.078
0.066
0.055
0.058
0.069
0.062
0.050

0.064
0.089
0.052
0.056
0.085
0.090
0.061
0.183
0.128
0.119

**p < .01, ** p<.001
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Implied correlations indicated that TWS was mosirggly associated with MA
(0.793) for the American group and also with MAS&R) for the Chinese group. The
MA effect was larger for the American group thantfee Chinese group.

For the American group, in addition to the TWS oute, the MA factor was
most strongly associated with WFE (0.832) and WFE(VEB99). Interestingly, the OA
factor was also strongly associated with WFE (0)&r@al WFENW (0.486). The implied
correlation between OCB and the OA factor (0.44&3 varger than the correlation
between OA and the two indicators for PA but smmahan OA with the two indicators
of MA. PA was correlated with MA (0.850) and OA§02) and MA was correlated
with OA (0.696). MA was most strongly associatethwRA for the American group.

Implied correlation matrix for the American growgpresented in Table 9a.

Table 9a Implied correlations for all variableghe structural model (American)

Measure 1 2 3 4 5 6 7 8 9 10 11

LING _
PA 0.86
MA 099 0.85 _
OA 0.70 0.60 0.70

TWS 0.80 0.69 0.79 0.56

SOT 0.59 0.69 0.59 0.42 0.48

SSSC 0.450.52 0.45 0.32 0.36 0.36 _

WFENW 0.69 0.59 0.70 0.49 0.55 0.41 0.31

WFE 0.82 0.71 0.83 0.58 0.66 0.49 0.37 0.58

OCB 0.31 0.27 0.31 0.45 0.25 0.19 0.14 0.22 0.26
OCA 0.70 0.60 0.70 1.00 0.56 0.42 0.32 0.49 0.58 0.45
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For the Chinese group, in additioth® TWS outcome, the MA factor was most
strongly associated with WFENW (0.725) and WFE 1@)5 Contrary to the American
group, WFENW was a better indicator for the MA taan the Chinese group. A
complex pattern was found for the association ciisuees with the OA factor. OA was
most strongly correlated with OCA (0.575). It wédsoastrongly correlated with
WFENW (0.540) followed by the correlation with OQ®394). The implied
correlations between PA and two indicators, SSSE5(), and SOT (0.497) were higher
than the correlations of PA with other measureswBA correlated with MA (0.650) and
OA (0.639) and MA was correlated with OA (0.745)AMas most strongly correlated
with OA for the Chinese group. Implied correlatimatrix for the Chinese group is

presented in Table 9b.

Table 9b Implied correlations for all variableghm® structural model (Chinese)

1 2 3 4 5 6 7 8 9 10 11

LING _
PA 0.75
MA 0.87 0.65 _
OA 0.86 0.64 0.75

TWS 0.63 0.47 0.55 0.54

SOT 0.37 0.50 0.32 0.32 0.24

SSSC 0.490.66 0.43 0.42 0.31 0.33 _

WFENW 0.63 0.47 0.73 0.54 0.40 0.23 0.31

WFE 0.45 0.33 0.51 0.38 0.28 0.17 0.22 0.37

OCB 0.34 0.25 0.29 0.39 0.21 0.13 0.17 0.21 0.15
OCA 0.49 0.37 0.43 0.58 0.31 0.18 0.24 0.31 0.22 0.23

© 00 N O o b~ W DN PP
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CHAPTER IV
DISCUSSION AND CONCLUSIONS
Discussion

In this study, | simultaneously examined the cdmnittion of PA, MA and OA to
English word spelling among two different groupsnérican native-English speaking
children and Chinese-English bilingual studenthEaetalinguistic construct was
assessed with two different measures, taking iotsiceration the multi-dimensionality
of metalinguistic awareness. The overall model efatinguistic skills predicting the
spelling outcome was highly similar between the Anan and the Chinese groups,
although the regression weights were somewhatrdrite

The findings of this study added to the correlaimstudies with native English
speakers which have shown that phonological, mdogieal, and orthographic
awareness are highly intercorrelated (Carlisle p1#@wler & Liberman, 1995; Juel,
Griffith, & Gough, 1986). The factors PA and MA fttre American group were highly
correlated with a correlation of 0.83. PA and OAeveoderately correlated with a
correlation of 0.53. MA and OA had a strong cottielaof 0.66. These correlations
suggested that while PA, MA and OA share commotufea, each domain has its
unique processes. In the morphological tests adterad in this study, many items
include phonological shifts, for example, tha publicity pronounced as /s/ was
changed to /k/ ipublic.

It is noteworthy that in the American measuremeatlet, the strongest

correlation among the three metalinguistic skileswhe correlation between PA and MA
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(0.83); however, in the Chinese CFA model, thergjest correlation was between OA
and MA (0.76). This finding is not entirely surpng because in the Chinese writing
system the grapheme-morpheme relationship seebesnmre fundamental than the
morpheme-phoneme relationship. Moreover, phonotdgwareness in Chinese is
constrained at the syllable or onset rime level@otcat the phonemic level (Wang et al.,
2009). Morphological awareness in Chinese is camnsitias the core cognitive construct
for Chinese character reading and for distinguigmormal and at-risk readers (Shu,
McBride, Wu, & Liu, 2006).

The finding that phonological awareness and moxajioal awareness were
correlated in the American model was consistertt a@tme previous studies (Carlisle &
Nomanbhoy, 1993; Deacon & Kirby, 2004). Phonologa@areness is the most
researched aspect of metalinguistic skill (Kodd@3)0In recent years, the study of
morphological awareness has attracted increasiagtan; however, the study of
orthographic awareness has just started.

Due to the complexity of each of these three coraptsof linguistic repertoire,
different measures for these constructs were usedsdifferent studies by different
researchers. Further, many correlation coefficiargee calculated on single measures
(for example, using sound oddity task to indicatermlogical awareness) instead of
factors, which are multidimensional and are ablertcompass different aspects of the
definition. Therefore, the results were not dingectbmparable. Furthermore, the

correlation reported was often zero-order correteti(e.g., Pearson correlation between
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PA and MA without controlling for the influence tife other two relationships: PA and
OA, and OA and MA).

This study extended the previous findings of catrehs among PA, MA and
OA to Chinese speakers learning English as a foreigguage. Previous research of
Chinese-English language learners indicated tleattitee constructs were correlated.
For example, Wang, Cheng and Chen (2006) with Gleiigaglish bilingual students in
elementary grades in the US found that phonologieareness (indicated by a single
measure phoneme deletion) was correlated with nodogital awareness (indicated by
two measures --compound morphology and derivatioraphology). The two
measures of morphological awareness were alsolatmte However, concurrent
investigation of the three was rare, except for yyafang and Cheng (2009) which
investigated the joint contribution of PA, OA, akle\ to English word reading in®1
grade Chinese-English bilinguals in Washington Daxéa. The focus of the study was
cross-linguistic transfer of the three metalingaiskills, which was different from the
current study. Even though the research questibtiedVang et al. (2009) study were
very different from the current study and the I@&agrcontext of the Chinese-English
bilinguals was also different, the findings prowddeseful information to the bigger
guestion-- how languages of bilinguals interactivaach other. Wang et al. (2009) made
a claim based on their data that transfer effechfChinese to English and vice versa
was observable only at the phonological level andapmological level, and not at
orthographic level. In other words, knowledge dhography is language specific but

knowledge of phonology and morphology may be laggugeneral which transfers
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across languages. Chinese tone awareness courdadadditional 14% of the variance
in English word reading after age and all Engliskasures were controlled. Their data
also revealed that within language correlationseveronger than across language
correlations.

Leong, Tan, Cheng and Hau (2005) investigatedelagionship between PA and
OA using structural equation modeling among HongdKetudents who are learning
English as a second language. This study did mbide any of the morphological
awareness measures; however, similar to the fisdifighe current study, Leong et
al.(2005) found that the PA and OA factors werénhjigorrelated with each other and
both factors together contribute to the literaaytdaindicated by English word reading
and spelling skills. More importantly, Leong e{2005) also found that "orthographic,
word specific knowledge" was a stronger prediaboEmnglish word spelling and reading
compared with phonological awareness. The starztdistimation of the path from
orthographic and lexical knowledge to literacy tad0.83) quadrupled that from
phonological knowledge to literacy factor (0.20) the current study the predictive
value of the orthographic awareness factor wasgtsater than the phonological
awareness, which was consistent with Leong e2805%).

Theoretically, the results of the current studymrpan emergent theory, the
“Linguistic Repertoire” theory, which argues th#, MA and OA develop
simultaneously and work in concert to form a lirg§igi repertoire from early grades for
monolingual English children. The statement that dddy develops in later grades

among native English speakers as proposed in tagePrheory (Ehri, 2005) was
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challenged, because morphological awareness was toube an important component
of the linguistic repertoire construct in the cutretudy. The linguistic repertoire theory,
derived from a plethora of classroom observationkiastructional practice, argues that
from a developmental point of view, OA, PA and Mé&velop together and are all
components for the pool of linguistic skills thattald processes. The idea of linguistic
repertoire is similar to what Koda (2005) propogée: concept of intra-word awareness
(IA). 1A refers to the “generalized metalinugistinsights” pertaining to “the perception
of a word'’s internal structure, as well as to ademstanding of how a spoken word’s
internal elements relate to units of graphic symb(d. 74). Components of linguistic
repertoire including PA, MA and OA involve identifig and manipulating words’
internal structure and functional elements représgiphonology, morphology and
meaning.

When using individual PA, MA and OA factors to pictdhe scores of Test of
Written Spelling in the structural model, the paet@ns were not statistically significant;
however, with the second order factor, “linguisgpertoire”, which subsumed all three
initial factors, the path became statistically gigant and the overall model fit indices
indicated excellent fit. The data from the currstidy also extend the empirical support
of the “Repertoire Theory” from monolingual Englispeakers to Chinese-English
bilinguals speakers.

Linguistic repertoire explained 64.1% and 40.2%heftotal variance in the
spelling outcome for the American and the Chinesegs. Linguistic repertoire

explaining more variance in the spelling outcometti@ American group suggests two
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plausible explanations: one from theoretical pergpe and the other from socio-
contextual perspective. Theoretically, the thresdmting factors are deduced from
observation and evaluation of native English-spsgkhildren’s literacy acquisition
processes. It is plausible that they work bettgetioer to explain the total variance in the
American model. The linguistic repertoire factopkned less total variance in the
Chinese model and this might be attributed to #uot that there are other socio-cognitive
factors that should be included in the Chinese mbelsides the three metalinguistc
factors. These other factors might include lendtBrglish instruction, exposure to
original English input both in oral and written oy opportunities to travel to English-
speaking countries and even motivation to learnigimg

The result that the morphological factor was sigarfitly correlated with both
the phonological factor and the orthographic faatmongtypically developing readers
in the 3% grade in the US and Chinese-speaking studenteifi"tgradevas consistent
with the findings for at-risk 3 grade writers in Nagy et al. (2003). In Nagy e{(2003),
the morphological factor was significantly correldtwith phonological factors, but not
with an orthographic factor in th8yrade at-risk readers’ model. Nagy et al. (2003)
attributed this finding to the lack of linkage be®n morphological awareness and
written language at that particular stage of regdievelopment. This might also be
because that the morphological measures used in &tad. (2003) were all receptive
measures (e.g., multiple choice and analogy teRtsyluctive morphology was not

measured in their study.
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There are many common features between the Naay @003) study and the
current study. Both studies used structural eqonatiodeling with measurement models
embedded in the structural models. Both studidsidiec phonological, morphological
and orthographic factors as predictors and wordisgeskill as one of the outcomes. In
the current study, English word spelling measuned btandardized written spelling test
was the only outcome measure; whereas in Nagy €G@03), researchers also included
measures of other basic literacy skills such abva@abulary, word identification,
decoding, and reading comprehension.

One fundamental difference between the currentysind Nagy et al. (2003)
study is Nagy and colleagues included studentswdre at risk for meeting specific
reading and writing criteria and the current stuthuded typically developing readers.
The purpose of the Nagy et al. (2003) study wdmtbout, through the relationships
between orthography, morphology, phonology andddae skills, how to improve
students’ achievement so that they could scoreabw/population mean. The current
study shares this purpose of Nagy et al. (2003),imaddition, through comparing the
monolingual and bilingual models, the current stadiout to examine the effect of L1
orthography on the relationships between orthogramlorphology, phonology and
English word spelling. The current study did nehait distinguishing good readers and
poor readers or generalizing the findings to sttglaith specific learning disabilities.

In the current study, none of the three metalingufactors uniquely contribute
to the spelling outcome. Jointly, through the lirsfje repertoire construct, they

predicted 64.1% of the total variance in word spglfor the American group and 40.2%
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of the variance for the Chinese group. In Nagyl.g2803) study, the orthographic
factor, indicated by two measures, was found ta betistically significant predictor
that made a unique contribution to spelling outcongasured by WRAT-III spelling
subtest for both the"2and 4" grade models. The other two factors did not make a
unique contribution to word spelling outcome. THeridicator of the orthographic
factor in Nagy et al. (2003) wdgocess Assessment of the Learner (PAL) Receptive
Coding This measure requires the participant to makelgment if the second stimuli
presented to them have matching letter sequencéstfer clusters or a letter to the first
stimuli item that is presented to them one sec@ud &his test measures children’s
noticing the whole word or parts of the word bugoatequires strong short-term memory.
This measure was very different from the measuses in the current study, because
neither measure included in the current study reduinstant recall of features of the
presented letters of letter sequences. The seoadichtor of the orthographic factor in
Nagy et al. (2003) was PAL Word Choice, similathe 1st indicator of the current
study—OCA. In this test, participants were askesgdiect one real word that is correctly
spelled out of three words or pseudowords thateshiamilar or exactly the same
pronunciation. The only difference was that in Neagjpl. (2003) the test was timed and
the scores were calculated on the number of coarewers in two minutes.

The findings on the predictive value of each pretitactors mirror the L1
effects on second language spelling. MA was fownoktthe major component,
compared to PA and OA, of Linguistic RepertoireNQd) in both American and

Chinese models. In the Chinese model, the orthdgedactor contributed equally as the
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morphological factor to word spelling. Coming franmorphosyllabic literacy
background, Chinese learners may draw on orthograpid morphological processing
more than phonological processing strategies.

The importance of orthographic awareness to Engjtistacy acquisition as
revealed by the data from the current study suppbét Chinese learners of English
may have enhanced visual-orthographic processiiig.skhe enhanced orthographic
processing skill among Chinese students learnirgli§inhas been documented by
Wang et al (2003) and Leong et al. (2005). Theseipus studies, together with the
current study offer off-line psycholinguistic evide for the uniqueness of language
processing influenced by first language orthograblaickground. Researchers from
neuro-cognitive perspective have found that reathir@hinese and English results in
different areas of brain activation (e.g., Liu &fedti, 2003; Tan et al., 2003). Liu and
Perfetti (2003) used event-related potential (ER&)n imaging technique and found
that “Chinese more quickly initiates processinga&phic form” (p.174), which lends
support to the finding that the contribution of @As larger in the Chinese model than it
was in the American model. PA was a known preditddfnglish word spelling and as
expected, the contribution of PA was larger inAlmeerican model than it was in the
Chinese model.

Analyses that compared the performance of the twogs on each individual
measure also yielded some interesting results Ciieese participants performed at a
comparable level on the non-word morphological @mass task as the American

participants despite a smaller pool of vocabul@iys finding indicates that EFL
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learners might have a better grasp of grammativaiMedge due to instruction
emphasis. For native English speakers, the intnahawareness such as morphological
awareness is often tacit, which means “it is agbksg unconscious working memory
but not necessarily available in conscious workimemory” (Nagy et al., 2003, p. 730).
Another possible explanation is the transfer of photogical knowledge from L1-
Chinese to English. The results might fluctuatd& Chinese-English bilinguals were
recruited from an ESL setting where the auditory aral English input for the children
is much larger than children from an EFL settingnatuded in this study. In an ESL
setting, children will be exposed to more authelatnguage input and they will use
English much more often to meet daily communicatieads and educational
requirements. The emphasis of the instruction thegive typically will not be on
grammatical structures and word analysis. A fuiiugly might consider recruiting a
comparison group of Chinese ESL learners to expglweffect of learning context.

Furthermore, future studies should benefit fromuding a comparison group of
native English speakers learning to read and gpélhinese so that the effect of L1
orthography can be studied from English to Chinege,highly contrastive languages. It
would fall into the research framework of basicqasses of L1 alphabetic language
learners learning to read and write in a non-alphallanguage.

Pedagogical Implications

Even though the American structural model and the€se structural model

demonstrated high similarities, teaching spellmgécond language learners needs some

adaptations due to learning context and L1 orthalyaexperience. Chinese students,
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who depend less on phonological awareness in lgatoispell, may need specific and
systematic training on phonemic segmentation, btgndnd manipulation from early
grades and continue into middle school as new wdaapis introduced. Pinyin
instruction may be used as a precursor for fugph@nological training in English but
the effect of Pinyin instruction on English phorgpjalevelopment needs further
exploration. In addition, classroom teachers magimsider practicing reading out loud
with the students while drawing their attentiorsgeecific word parts that contain reliable
phonological information. Explicit instruction omgmunciation rules should be
encouraged, for example, “in English words withleng e, the vowel in the middle of
the two consonants (thein thecvcestructure) is pronounced the same as the letter
name”. Teacher education programs should incorpdrands-on exercises to help
teachers to learn how to teach phonology explicithyis kind of activity will facilitate
the growth of Chinese-English bilinguals’ metalirgiic awareness and the sensitivity to
words’ internal structure. In a recent systemiaigew and meta-analysis on the
cognitive correlates of bilingualism (Adesope, ltgvihompson, & Ungerleider, 2010),
bilinguals have increased metalinguistic skillsisT$hould be used as an advantage by
teachers of second language learners. Effectiveugt®on on phonological awareness,
which include comparing and contrasting the phogickl systems of the two languages,
deducing the rules for correct pronunciation arayiplg with sound units may help the
learners better utilize their metalinguistic skil phonology.

The results of the current study indicate that rholpgical awareness is

emerging for ) graders in the United States ar’fdgﬁaders in China to help the
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acquisition of basic English literacy skills. Thiene2, spelling instruction lacking
emphasis on morphological training should be imptbley constantly analyzing and
signaling minimal meaning units for the studentewimtroducing new words. Koda
(2005) pointed out that a large number of word$dedin encounter in printed materials
entail complex morphological information and megnoan be obtained by analyzing
these morphological components. However, in reatityildren, when confronted with a
new word during reading, do not always exploitakailable morphological
information” (p. 77). Explicit instruction on morplogy is needed because we cannot
just assume that children will notice these morpbwial features and incorporate them
in lexical learning.

Phonological training and morphological trainindl\prepare learners to be
better readers and spellers in terms of phonengigrae and morpheme-grapheme
mapping and therefore enhance their orthographarewess. Students will benefit if
teachers present explicit rules for orthographippag and constraints in English
spelling patterns, for example, “ff” cannot begménglish word.

Moreover, associative word learning (Koda, 2003) provide learners
opportunities to compare words’ internal structuaed segmental elements so that they
are more aware of these functional elements; m, thws kind of awareness will
facilitate their word learning and lexical processi

Limitations of the Study
The research sites were not randomly selected.rétisces the generalizability

of the research results to other parts of Chinathed)JS Research site characteristics
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(teachers’ qualifications, hours of English instioie, instructional methods and
materials) individually, and/or in combination, gret students’ spelling skills and
therefore are confounding variables. With groupingsadministration, it was not
possible to closely monitor individual participdraitude and effort in completing the
tasks; therefore, there was a data loss with nusnireipping from 720 to 505. The loss
was greater for Chinese sample (The number ofqgieaitits dropped from 537 to 339).

The test battery was not counterbalanced. Théosdttry for the two groups had
the same amount of items and was distributed isdéinee fashion and in the same order.
Therefore, the results may be partially becaugbebrder effect. Potential effect of
fatigue was not controlled either.

All of the measures were paper-and-pencil teststiamel of response was not
recorded. Further studies may want to considemgusimputerized tests with similar
psychometric properties and record in millisecotidsreaction time. This way, the
result can be better utilized to understand thégyeants’ processing efficiency.

The inclusion of predictors that exert possibléuahce on spelling acquisition
was not exhaustive. Intelligence, working memorg analytical skills that might also
be relevant were not measured and therefore notatien in this study. That is
especially true with the Chinese group, becauséotiaéexplained variance in scores of
Test Written Spelling by the current exogenousaldes was only 40.2%.

These two groups of participants were not chrornoldgge-matched. They were
used as comparison groups, because, accordingdabiity calculation, they are

reading age-matched. The results that Chinesecypamits scored lower than the



87

American participants on most of the measures altadsome potential drawbacks of
using readability test to determine reading leVek readability formula used in this
study, Flesch-Kincaid readability test (FKRT), igaditional way of obtaining reading
grade level from text excerpts. FKRT does the datmn based on only surface
structure of the passage submitted under testiralp, as the length of words and the
length of sentence. It assumes that longer worsnare difficult to understand than
shorter words; longer sentences are more diffioulinderstand than shorter sentences.
It is not always the case especially when takinig aonsideration reader characteristics
and lexical and syntactical complexity (Crossleye&hfield, & McNamara, 2008).
Therefore, for tests tapping into learners’ underding of words’ internal structures
such as the ones used in the current study tormatehing scores, a cognitively based
readability formula may be a better choice. A ctigely based readability formula
according to Crossley, Greenfield, and McNamar®@2@ncludes word frequency
information, syntactical complexity and overlappwfgrzocabulary in the passage that
might be conducive to reading comprehension.

The correlational/non-experimental study desigmgisests that were
standardized with North American monolingual Erglthildren increases the level of
uncertainty about the validity of the findings tbe Chinese participants. Therefore,
caution must be taken in attributing any obsenfégte(e.g., percentage in explained
variance of spelling) solely to the characteristitsurrent participants in this study, as
other factors or confounders may be present thatiaso be responsible for any

observed change. The conclusions could be modiseéd on age, measures selected or
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instructions participants received.

Because the analyses carried out in the curredy stre correlational, the results
must be interpreted with caution. Based on thelavia data, it is not possible to make
any claim about causality or direction of predintid he predictor factors and the
outcome variable are related and the relationséigvéen them might be reciprocal.
Children’s increasing exposure to complex writiggtem through education or accrued
literacy experience will foster their phonologicalprphological and orthography
awareness, or their linguistic repertoire as a whol

In addition, because this study is confined toréage grade level, it will not be
possible to see a change over time. As the chilgregress with their learning to read
and writing, the predictive value of each of theethmetalinguistic skills might change.
As mentioned in the literature review, for monoliagEnglish speaking children in
Grade 1, phonological awareness was the strongedicfor for English word reading
(Carlisle & Nomanbhoy, 1993). For older English-aag children (Grade 4-8),
Roman et al. (2009) found orthographic awarenessti@strongest predictor for real
word reading and phonological awareness remained the strongest predictor for
pseudoword reading.

For Chinese participants, as they continue to |I&aglish and have an enlarged
vocabulary size, their phonological awareness migirtease and make more
contribution to their overall linguistic competen@xon, Chuang and Quiroz (2010), in
a correlational study investigating Singaporeamé&ngartens learning English with

different ethnic language backgrounds, found thigdr vocabulary knowledge in
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English bolsters phonological awareness. Thiscagmecture since intervention studies

that investigated this direction of causal reladlp are scarce.

Conclusions

Despite the limitations, theoretically this studpyides more evidence for the
processes of second language acquisition (SLA) fxgpaycholinguistic perspective.
This study explored the possible foundations okp2lling and the effects of Chinese-
English bilingual status on English spelling. Itnsrth noting that the predictors
included in this study were all interrelated bubhemf them individually makes a unique
contribution to word spelling. MA and PA are likaty be mutually facilitative and MA
and OA may share some of the same underlying psoweskills. It is helpful to
understand the unique and joint contributions of A and OA to English spelling
among Chinese learners with a background of amaty opaque orthography. The
comparison between the Chinese-English bilinguadsEenglish monolinguals of
matched reading level offers more evidence on tieeteof L1 orthography.
Pedagogically, this study provides empirical evimefor a “multi-linguistic spelling
approach” (Masterson & Apel, 2010) which incorpesa#ctivities and exercises that

enhance all three metalinguistic skills (PA, OA &nd) in spelling instruction.
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APPENDIX A

ADDITIONAL DESCRIPTION OF INSTRUMENTS

1. A Complete List of Orthographic Choice A (OCA@rhs and Testing Prompt
In each of the following rows, circle the one tl&alNOT an English word.

Example: see sea cee
Now you try these: to tou too uylbye bie
1. hear here heer
2. knew new knwe
3. no know knoe
4. there thier their
5. hole hoale whole
6.  Dblew blue bloo
____ 7. throu threw through
8 summ sum some
9 waigh weigh way
10 scente cent sent
11 sell cell scell
_ 12 brake braek break
13 waek weak week
14 woode wood would
_ 15 rose rows rwos
__ 16 meet meat meate
17 bred braed bread
__ 18 wone one won
___19 plain plane plaine
20 reede reed read
21 pleas please plees
22 soe sow SO
23  Dbete beet beat
24  rode roade road
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25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

peek
roal
nihgt
wrote
steel
seen
faire
rain
peace
creack
root
haerd
wait
sole
syte
idle

peak
roll
knight
rote
stael
scene
fare
rayn
piece
creek
route
herd
waite
soul
sight
idel

peeck
role
night
roat
steal
sceen
fair
rein
peice
creak
ruote
heard
weight
soal
site
idol
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2. Scoring Rubric and Examples for Word Form Exsadtems (WFE)

Original 0-wrong base 1-wrong base but2-correct base but 3-correct
NO. word (random errorgood attempt  incorrect spelling base
lpublicity  city publict; publi plublic; publik pubd
2sensitive sensitov sensit; sen sens; sence sense
3breathe brath breath
4musician nusic music
Srunner run
6fearful fear
7width wild wid wide
8continuous contion cont!nu; F;ontm_e; continue
continou; continuo
9bathe bath
10procedure Bgfgj(;:e proced; procede proceed
11dangerous dang danger
12cleanliness clean
13emptiness emptex empt; emptin empti; empte; erapigy
l4assumption ass; ask assump assum assume
15warmth warm
16recognition recong; recognit; recogn; recog_nise; recognis&ecognize
recinize recogni reconize
17reduction red; .redu; . reduct reduse reduce
redo; look at;
18extension extens exten; exted; exdemtend
19remarkable remark
20discussion discu discus; disscuss discuss
21assistant assis assist
heavy; tall;
22height hight; long; heigh high
eight; heig; big
23foggy fogg fog
24combination comb; combinat comb!n; combind; combine
comdine
25division divi divide
26employmentment eploy employ
27density den densit dens dense
28e¢lection elec elet elect




3. Scoring Rubric and Examples for Word Form Exsa¢Nonword) (WFENW)

1-correct word form

NO. Original 0-wrong form random but incorrect 2-correct
word error . word form
spelling
snigger, singing,sing,
1 Snig, song, d|q sing, spang, sn!ge_d, was snigged
snigging snag, sniger,did the snigging, singed
same thing
2 mab, street, mabbed,mabb, is mabbing, mabs
mabbed won, mabed mabbes,mads
tigging, tags, tagged, tog, head, ,. . .
3 tigs tiger tiggied tigged
4 clomming, clomd,_were clomed clommed
clom clomming,farmers
5 Seeping, septed, septing, sleep, seep
sept step
6 zug zuged Zugs
7 nuz nuzing, nuzed nuzzes nuzes
bazing baze,
8 b ’ bazed, bazy, bazer bazs, bazes bazement,
azed
baz
. lugged, luging, shining,
9 IL”99"V’ luggilied, luggied, luggi luggy
ugginess .
luggined, luger,
chow chowied, chowies,
10 Yy chowilied, chowed, chowyness, chowes  chow
chowily

chowil, chower
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4. Speech Sound/Syllable Counting (SSSC) ltem®Aasdier Keys

Part A
How many speech sounds are in the following woFs?example, the word “cat” has 3
speech sounds ‘k’-‘a’-‘t’.

Number  Word # of speech ltem Word # of speech
sounds sounds

1 add 2 11 making 5
2 ship 3 12 sale 3
3 grass 4 13 basket 6
4  box 4 14 market 5
5 moon 3 15 cooked 4
6 brush 4
7 knee 2
8 through 3
9 whether 4
10 Tuesday 5

Part B

How many syllables are in the following words? Egample, the word “perfect” has 2
syllables, “per’-“fect”.

Number Word # of Number Word # of
syllables syllables

1 together 3 11 question 2
2 drink 1 12  strangely 2
3 bookkeeper 3 13 watermelon 4
4 frogs 1 14  political 4
5 pocket 2 15  university 5
6 achieve 2
7 composition 4
8 beautiful 3
9 unhappy 3
10 treat 1




5. A Complete List of Sound Oddity Task (SOT) Items
Section A First sound different
Practice: 1. rot, rod, rock, box
_ud

_ip

©ONOOAWDN

1.

H
©

_am

—€g

_id
_ot
_eap
_ack

_im
_oof

_un

_in

_ap
_en
_ick
_op
_ean
_ab
_ip
_oom

Section B End sound different
Practice: 1. fan, cat, hat, mat

©XONOOr®WNE

Section C Middle sound different

H
©

pi_
do_
bu
ma_
me_
wi_

wee_

pa_

san_

sin_

Wi
ho_
hu
ca_
re_

fi
pee_

la_

han_

min

Practice: 1. mop, hop, tap, lop

©XONOOr®WNE

H
©

|t

fn
h_g
rd

9
fll

|—h
[%2)

g
- d

n

h

C
P_
d
f
r

d

t
n
_9
d
_9
Il

_n
9
_d

Q.: Q.c'l

sh

2. lick, lid, miss, lip

_us
il
_ad
_ell
_iss
_ock
_eal
_ag
_ick
_ood

_ug
_ig
_at
_et
il
_og
_eat
_ap
_ip
_oot

2. leg, peg, hen, beg

Si_ fi
to po_
qu_ Su_
ga_ pa_
be fe
pi_ di_
nee dee
sa_ ba
lan_ ban_
pin_ win_
2. pat, fit, cat
p_t h t
b n g.n
P_9 w_dg
| d b d
b g | g
w_I b Il
p_n tn
m_g | g
w_d s d
w_sh m_sh



1. Correct Response Rate for Test of Written Spgif'WS) Items by Group

APPENDIX B

ADDITIONAL RESULTS

Number Target Word American (n=166) Chinese=(389)
1 Yes 100% 97.9%
2 Bed 97.6% 72.9%
3 Let 96.4% 81.7%
4 Us 97.0% 64.3%
5 Went 93.4% 91.7%
6 much 93.4% 95.9%
7 Next 95.2% 95.0%
8 Spend 91.0% 96.8%
9 Who 83.1% 78.8%
10 Shake 88.0% 49.9%
11 Eight 78.3% 81.1%
12 Strong 89.8% 41.9%
13 Pile 84.3% 3.8%
14 Knife 74.7% 22.7%
15 Knew 68.7% 7.7%
16 Tardy 45.8% 9.1%
17 Nineteen 75.3% 18.6%
18 Section 59.6% 21.2%
19 Signal 51.8% 0.3%
20 Expect 60.2% 8.0%
21 Canyon 56.6% 0.3%
22 District 50.6% 3.2%
23 Fountain 30.7% 0.9%
24 Legal 34.9% 0.3%
25 Terrible 29.5% 10.6%
26 Unify 27.7% 0.3%
27 Bicycle 24.1% 9.4%
28 Institution 8.4% 0.0%
29 Collar 33.1% 0.0%
30 Agriculture  5.4% 0.0%
31 Visualize 12.0% 0.0%
32 Baste 17.5% 0.0%
33 Nucleus 4.8% 0.0%
34 Tangible 3.0% 0.0%
35 Tranquil 9.6% 0.0%
36 Continuity  6.0% 0.0%
37 Luminous 2.4% 0.0%
38 Laborious 3.0% 0.0%
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Number Target Word American (n=166) Chinese=(389)

39 Linguistic 3.6% 0.0%
40 Opaque 1.2% 0.0%
41 Gauntlet 0.6% 0.0%
42 Panorama 2.4% 0.0%
43 Finesse 0.8% 0.0%
44 Gregarious 1.8% 0.0%
45 Zealous 0.0% 0.0%
46 Requisite 0.0% 0.0%
a7 Champagne 0.6% 0.0%
48 Cyst 0.6% 0.0%
49 Versatile 0.6% 0.0%
50 Liaison 0.0% 0.0%

Results presented in the table above indicateddhatese students performed

better on high-frequency words in their textboakshsas “let”, “much

spend”, and
“went”. They also scored higher on numbers sucleight” and “eighteen”. In middle
school English instruction in China, memorizatidmombers (e.g., one, two, three, first,
second, and third), months (e.g., January througgteBber), and dates (e.g., Monday
through Sunday) and being able to recognize thessading and to spell them out
correctly is required and much emphasized. Theeetbe high correct response rate on
these items might be due to multiple copying exexithese participants received in
their daily instruction.

The pattern for correct response rate for Amermanicipants generally follows a
descending order. This is consistent with how ds¢ is designed: items are presented in
an increasing difficulty order. For the Chineseugrohowever, this pattern is less
obvious. The correct response rate is closely @gocwith whether the word is on the
word list of the textbook or receives enough attenin daily instruction or is tested

very often in quizzes and exams.



2. Detailed Cronbach's alpha information for allesemeasures
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Measure Number of Total American Chinese
Items (n=720) (n=183) (n =537)
Validn 715 180 535
TWS 50 alpha 0.912 0.914 0.755
Validn 602 167 435
OCA 40 alpha 0.823 0.754 0.765
Validn 686 175 511
OCB 18 alpha 0.736 0.712 0.723
Validn 648 176 472
WFE 28 alpha 0.951 0.931 0.923
Validn 567 177 390
WFENW 10 alpha 0.795 0.816 0.793
Validn 585 179 406
SSSC 30 alpha 0.825 0.768 0.834
Validn 624 152 472
SOT 30 alpha 0.836 0.887 0.820
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3. Item Analyses Statistics for Test of Written Bpg

American Chinese

Corrected Cronbach's Corrected Item- Cronbach's

Item-Total Alpha if Item Total Correlation Alpha if Item

Correlation Deleted Deleted
TWS1 0.116 0.914 0.085 0.755
TWS2 0.160 0.914 0.319 0.747
TWS3 0.246 0.914 0.294 0.748
TWS4 0.289 0.914 0.290 0.750
TWS5 0.389 0.913 0.237 0.750
TWS6 0.414 0.912 0.252 0.749
TWS7 0.420 0.912 0.362 0.744
TWSS8 0.331 0.913 0.239 0.750
TWS9 0.462 0.912 0.276 0.749
TWS10 0.470 0.912 0.205 0.758
TWS11 0.406 0.913 0.331 0.745
TWS12 0.528 0.911 0.384 0.742
TWS13 0.551 0.911 0.158 0.753
TWS14 0.536 0.911 0.502 0.733
TWS15 0.500 0.911 0.358 0.745
TWS16 0.403 0.913 0.200 0.751
TWS17 0.512 0.911 0.466 0.736
TWS18 0.647 0.909 0.537 0.731
TWS19 0.548 0.911 0.012 0.755
TWS20 0.616 0.910 0.471 0.740
TWS21 0.562 0.911 0.081 0.755
TWS22 0.569 0.911 0.283 0.749
TWS23 0.596 0.910 0.133 0.754
TWS24 0.517 0.911 0.054 0.755
TWS25 0.574 0.910 0.545 0.735
TWS26 0.481 0.912 0.081 0.755
TWS27 0.545 0.911 0.531 0.737
TWS28 0.322 0.913 0.000 0.755
TWS29 0.606 0.910 0.000 0.755
TWS30 0.392 0.913 0.000 0.755
TWS31 0.445 0.912 0.000 0.755
TWS32 0.498 0.911 0.000 0.755
TWS33 0.272 0.914 0.000 0.755
TWS34 0.337 0.913 0.000 0.755
TWS35 0.509 0.911 0.000 0.755
TWS36 0.378 0.913 -0.001 0.755
TWS37 0.311 0.913 0.000 0.755

TWS38 0.314 0.913 0.000 0.755



TWS39
TWS40
TWS41
TWS42
TWS43
TWS44
TWS45
TWS46
TWS47
TWS48
TWS49
TWS50

0.351
0.257
0.140
0.267
0.193
0.251
0.000
0.000
0.193
0.193
0.193
0.000

0.913
0.914
0.914
0.914
0.914
0.914
0.914
0.914
0.914
0.914
0.914
0.914

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.755
0.755
0.755
0.755
0.755
0.755
0.755
0.755
0.755
0.755
0.755
0.755
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4. Item Analyses Statistics for Orthographic Chdiask A

American Chinese

Cronbach's Corrected

Corrected Item- Cronbach's Alpha if

Total Correlation Alpha if tem Item-Tot_aI Item Deleted
Deleted Correlation
OCA1 0.354 0.749 0.480 0.758
OCA2 0.444 0.747 0.456 0.756
OCA3 0.196 0.751 0.427 0.759
OCA4 0.074 0.757 0.352 0.758
OCA5 0.249 0.751 0.466 0.755
OCAG6 0.304 0.748 0.292 0.759
OCA7 0.085 0.754 0.250 0.760
OCAS8 -0.020 0.755 0.407 0.753
OCA9 0.291 0.748 0.083 0.769
OCAl10 0.257 0.749 0.098 0.768
OCAll 0.407 0.747 0.175 0.764
OCAl12 0.278 0.747 0.409 0.754
OCA13 0.291 0.748 0.455 0.758
OCAl14 -0.014 0.755 0.344 0.756
OCA15 0.295 0.748 0.427 0.754
OCAl6 0.391 0.745 0.440 0.757
OCA17 0.336 0.743 0.366 0.754
OCA18 0.295 0.750 0.492 0.754
OCA19 0.349 0.743 0.349 0.756
OCA20 0.167 0.752 0.360 0.756
OCA21 0.076 0.761 0.082 0.768
OCA22 0.006 0.764 0.252 0.760
OCA23 0.254 0.749 0.321 0.758
OCA24  0.390 0.742 0.354 0.756
OCA25 0.270 0.750 0.203 0.762
OCA26 0.241 0.749 0.084 0.769
OCA27 0.275 0.749 0.275 0.759
OCA28 0.161 0.756 -0.095 0.777
OCA29 0.512 0.737 0.284 0.758
OCA30 0.353 0.742 0.002 0.771
OCA31 0.266 0.748 0.321 0.756
OCA32 0.137 0.756 0.203 0.762
OCA33 0.422 0.738 0.273 0.759
OCA34 0.150 0.753 0.179 0.764
OCA35 0.417 0.740 0.319 0.757
OCA36 0.321 0.745 0.344 0.756

OCA37 0.409 0.742 0.265 0.759
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OCA38 0.174 0.756 -0.078 0.773
OCA39 0.259 0.748 0.305 0.757
OCA40  0.255 0.749 -0.132 0.774
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5. Item Analyses Statistics for Orthographic Chdiask B

American Chinese

Corrected Cronbach's Corrected :

Item-Total Alpha if ltem Item-Total ﬂfenn?aggzté{jpha

Correlation Deleted Correlation
OCB1 0.545 0.683 0.406 0.705
0oCB2 0.493 0.687 0.540 0.695
OCB3 0.266 0.703 0.259 0.715
OCB4 0.299 0.699 0.480 0.694
OCB5 0.281 0.701 0.610 0.686
OCB6 0.486 0.685 0.241 0.718
OCB7 0.438 0.688 0.479 0.696
OCBS8 0.358 0.695 0.537 0.691
OCB9 0.427 0.691 0.500 0.695
OCB10 0.452 0.688 0.587 0.691
OCB11 0.227 0.706 0.445 0.698
OCB12 0.379 0.692 0.169 0.727
OCB13 0.104 0.727 0.053 0.740
OCB14 0.070 0.733 -0.034 0.749
OCB15 0.627 0.685 0.437 0.700
OCB16 0.365 0.692 0.167 0.727
OCB17 -0.016 0.745 -0.180 0.762

OCB18 0.367 0.692 0.447 0.698
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6. Item Analyses Statistics for Word Form Exercise

American Chinese

Corrected Cronbach's Corrected Cronbach’s

Item-Total Alphaif ltem Item-Total Alpha if
Correlation Deleted Correlation Item
Deleted

WFE1 0.499 0.930 0.464 0.922
WFE2 0.676 0.926 0.377 0.922
WFE3 0.523 0.929 0.415 0.922
WFE4 0.548 0.928 0.540 0.920
WFE5 0.480 0.930 0.584 0.919
WFEG6 0.456 0.930 0.649 0.918
WFE7 0.637 0.927 0.590 0.919
WFES8 0.585 0.928 0.581 0.920
WFE9 0.565 0.929 0.489 0.921
WFE10 0.626 0.927 0.601 0.919
WFE11 0.646 0.927 0.612 0.919
WFE12 0.480 0.929 0.549 0.920
WFE13 0.647 0.927 0.454 0.921
WFE14 0.578 0.928 0.570 0.921
WFE15 0.347 0.930 0.648 0.918
WFE16 0.602 0.928 0.471 0.922
WFE17 0.520 0.929 0.530 0.921
WFE18 0.643 0.927 0.637 0.920
WFE19 0.599 0.928 0.621 0.919
WFE20 0.505 0.929 0.577 0.920
WFE21 0.604 0.928 0.548 0.920
WFE22 0.370 0.932 0.296 0.923
WFE23 0.447 0.930 0.597 0.919
WFE24 0.618 0.927 0.633 0.920
WFE25 0.607 0.927 0.534 0.921
WFE26 0.595 0.928 0.658 0.918
WFE27 0.546 0.928 0.481 0.921

WFE28 0.670 0.927 0.545 0.920
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7. ltem Analyses Statistics for Word Form Exerdisa Word

American Chinese

Corrected Cronbach's Corrected Item- Cronbach's

Item-Total Alpha if Item Total Correlation Alpha if Item

Correlation Deleted Deleted
WFENW1 0.566 0.794 0.455 0.776
WFENW?2 0.366 0.814 0.431 0.779
WFENWS3 0.655 0.783 0.574 0.761
WFENW4 0.633 0.787 0.570 0.763
WFENWS5 0.416 0.810 0.477 0.774
WFENWG6 0.481 0.802 0.562 0.764
WFENW7 0.459 0.804 0.549 0.765
WFENWS 0.598 0.788 0.356 0.788
WFENW9 0.393 0.811 0.373 0.785

WFENW10 0.459 0.806 0.323 0.793
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8. Item Analyses Statistics for Speech Sound/Sil&munting Task

American Chinese

Corrected Cronbach's Corrected

Item-Total Alpha if ltem Item-Total ﬂfenn?aggzté{jpha
Correlation Deleted Correlation
SSSC1 0.213 0.765 0.170 0.834
SSSC2 0.321 0.759 0.512 0.823
SSSC3 0.245 0.763 0.572 0.821
SSSC4 0.052 0.769 0.304 0.831
SSSC5 0.318 0.759 0.520 0.823
SSSC6 0.376 0.756 0.555 0.822
SSSC7 0.206 0.765 0.252 0.833
SSSC8 0.189 0.767 0.265 0.832
SSSC9 0.297 0.761 0.542 0.822
SSSC10 0.286 0.762 0.538 0.823
SSSC11 0.061 0.769 0.292 0.832
SSSC12 0.360 0.757 0.524 0.823
SSSC13 0.312 0.760 0.484 0.825
SSSC14 0.143 0.767 0.532 0.823
SSSC15 0.273 0.762 0.446 0.826
SSSC16 0.342 0.759 0.232 0.833
SSSC17 0.294 0.761 0.311 0.830
SSSC18 0.207 0.765 0.239 0.833
SSSC19 0.299 0.760 0.369 0.829
SSSC20 0.387 0.757 0.238 0.833
SSSC21 0.333 0.758 0.006 0.840
SSSC22 0.239 0.764 0.348 0.829
SSSC23 0.220 0.764 0.235 0.833
SSSC24 0.235 0.764 0.244 0.833
SSSC25 0.326 0.759 0.431 0.827
SSSC26 0.394 0.755 0.224 0.834
SSSC27 0.215 0.766 -0.027 0.841
SSSC28 0.235 0.764 0.363 0.829
SSSC29 0.380 0.756 0.389 0.828

SSSC30 0.376 0.756 0.286 0.831
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9. Item Analyses Statistics for Sound Oddity Task

American Chinese

Corrected Cronbach's Corrected Cronbach's
Item-Total Alphaif ltem Item-Total Alpha if ltem

Correlation Deleted Correlation Deleted
SOT1 0.362 0.885 0.346 0.815
SOT2 0.262 0.888 0.160 0.824
SOT3 0.445 0.883 0.373 0.813
SOT4 0.496 0.882 0.459 0.812
SOT5 0.642 0.879 0.535 0.809
SOT6 0.610 0.879 0.244 0.818
SOT7 0.554 0.880 0.434 0.812
SOT8 0.493 0.882 0.388 0.813
SOT9 0.313 0.887 0.337 0.815
SOT10 0.433 0.883 0.357 0.814
SOT11 0.401 0.884 0.475 0.812
SOT12 0.561 0.881 0.315 0.815
SOT13 0.491 0.882 0.385 0.813
SOT14 0.428 0.883 0.436 0.811
SOT15 0.336 0.885 0.461 0.810
SOT16 0.459 0.883 0.362 0.814
SOT17 0.394 0.884 0.538 0.810
SOT18 0.237 0.887 0.497 0.811
SOT19 0.500 0.883 0.584 0.808
SOT20 0.475 0.882 0.357 0.814
SOT21 0.467 0.883 0.413 0.811
SOT22 0.387 0.884 0.183 0.822
SOT23 0.417 0.884 0.315 0.815
SOT24 0.493 0.882 0.271 0.817
SOT25 0.483 0.883 0.231 0.821
SOT26 0.505 0.882 0.214 0.821
SOT27 0.312 0.886 0.319 0.816
SOT28 0.324 0.885 0.119 0.826
SOT29 0.281 0.886 0.321 0.815

SOT30 0.519 0.883 0.278 0.817
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10. Model Evaluation for Constrained Structural Mbd
This constrained model estimation wasdticted based on the model presented
in Figure 9a and 9b, when the paths from the PAa@@&AMA to LING were constrained

to be equal across the two groups.

r Y £ 9 9

OoCcA OCB WEFE WEFENW SS83C SOT

TWS

The overall model fit indices wegé{zs) = 55.55,p = 0.01, CFI = 0.958,
RMSEA = 0.048 with the 90% confidence interval @03®.065, and AIC = 115.553.
The model fit suggested that the unconstrained hfdtl the data better than the

constrained model.
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