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Abstract

In Taiwan, many children grow up in a bilingual environmeatmely Mandarin and
Taiwanese. ThelearnZhuyin Fuhaoi a semisyllabic transparent orthographyat

the beginning othe first grade before learning traditional Chinese characters.
However little is known about the acquisition of literacy in this complex context,
especially about the role of phonological awareness (PA), rapid automatized naming
(RAN) and other spokennguage skills. This longitudinatudy is the first systematic
attempt to investigate the trajectory of literacy acquisition in Mandgréaking

children and the impact of instruction in both Zhulrhao and character.

The study was carried out in TaipA sample of 92 childrewere testedh ther first
grade (mean age of 6;8nd therfollowed up a year later in their second grade. A
comprehensive PA battery was designed to measure implicit and explicit PA of
syllables, onsetime, phonemes and taeRAN, spoken language skills and literacy
skills, including reading accuracy and comprehensigthunyin Fuhaoandcharacter

were also measured, alongsideswe r bal i ntelligence and ch

It was found thathe role of PA in earlyiteracy development of Mandargpeaking
children in Taiwan varieas a function of the orthography systd?A.was closely

linked to ZFrelated taskand reading comprehensidout not characteeading

where it had no predictive role. On the other hanalphological RAN was found to

be a good predictor of reading performance in both scripts, both concurrently and
longitudinally. Additionally, norgraphological RAN had a role in predicting
lexicalrelated literacy skillsLastly, all spoken language skillexcept semantic

fluency, were significantly associated with reading comprehension indicating that oral
language competence contributes major variances in reading comprehension.
Moreover, vocabulary and auditory memory were associated longitudinallynaitly

CH-related tasks. However, the variance of ZF word reading or spelling could not be



explained by any spoken language skills. Investigation of children with atypical
development revealed that children with reading difficulties performed less well on
RAN and PA tasks while children with speech difficulty performed less well on
subsyllabic PA Zhuyin Fuhao literacy tasks and character recognition, but no
differently to their peers on RAN and character reading accuracy and character
knowledge in radicaldrm or position. Thehteoretical, methodological and practical

implications of these findings are discussed.
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Introduction

Chineseorthographyis used by 1.3 billion peopland is thereforene of the most
popularorthograplesin the world It provides a unified writing systeacross

different regions Wwere severalistinct languageare spokenfor exampleMandain,
TaiwaneseCantoneseShanghainesend many other tonalyllabic languages spoken
across Asian countries (Li, 2006&esearch undertaken by cognitive psychologists
and educators in thesegienshas broadenedhe knowledge of literacyacquisitionin

Chinese (Chan, Hu & Wan, 2005; Hanley, 2005; Ho & Bryant, 1997).

Even thoughhere has beemoreand moreesearch into how children learn to read
and writeChinese most of ithas beerarriedoutin isolation from the spoken
languagebackgroundfor example most children live iramulti-linguistic

environment. The educational context hEnot been taken into accoyifbr

example, in Taiwan, supplementabhoneticand €mialphabetiovriting system
(Zhuyin Fuhag ZF) has beemdopted in all textbooks of the first four grades in
primary schools. As a result, littie known about theombined effects of these
contextual factors on litera@cquisitionin Chineseln addition,even less istkown
aboutthe literacyacquisitionof those childrenwho perform less welthantypically
developing groups on reading accuracy, reading comprehension or speech output

skills.

One area that has been studied widely in young childrémoisgbogical awarezss
(PA). This has been found to bataong predictor of reading acquisition across

languages (Ziegler & Goswami, 200BA is the ability tobe awareof or manipulate



the soundstructure of an utterance. For example, a ol can produce rhymes

[batT mati pat; bigi pigi fig], or who recognizes that the worftsg] and [bd]

share thgb] sound at the beginning, shopisonological awarenessthe rhymeor

onset levellt has been argued that there is a reciprocal relationship between PA and
literacy: having good PA helps you acquire reading and writing skills, but the
acquisition of reading and writing also developssRis further(Ziegler & Goswami,
2005).According to the psycholinguistic modaloposedy Stackhouse and Wells
(1997),PA assist the acquisition of reading and spelling because phonologically
aware children can understand better how written language reflects speechesalinds
are in a better position tsrack the cod@&of an alphabetitanguagelL earning to read

and spell offerglues to the sound structure of spoken language, thus boosting
phonological awareness. While most studies in PA and literacy have focused on the
alphabetic languages, competence in phonological awareness has also been shown to
predict success in learning tead in Mandarispeaking childreiHo, 2003; Huang

& Hanley, 1997Hu & Catts, 1998

However, the relationship between PA and literacy is still uncertain in Manttasin

not known what specific aspects of PA awareness are most closely linkeditesgty
acquisition.For example, it isiot clearnf the awareness of syllablehiymes,

phonemes otones is most importaffor literacy development. Furthes,

identification ofthose units sufficient, at is the ability tosegment angroducethem

that guarantees successful literacy developére also do not know exactly what
aspects of PA aref@erequisiteof successful literacy acquisition, and what aspects are
its consequencé comprehensive battef PA measurements necessary to
determinehow various linguistic levels of Mandarin PA in both input and output

modeswould develop during the first year of formal education and RAw



devel opment relates to childrends | earni

To date, knowledge abotlte relationships bewenmanyspokenanguages
(tonalsyllabic languages, such as Cantonesela@@hinesewritten systems very
tentative (McBrideChang & Ho, 2000). Further examination of the connection
between spoken languagkills and PA will increase ownderstandingf the role of
PA in Mandarin/Chinese language developmentairitw the written language

develops from spoken skills.

Apart from PA, some other integrating skills have prowebe effective predictors of
future reading performancsuch asapidautanatizednaming (RAN)(Fricke,
Szczerbinski, Stackhouse & F®oyer, 2008)RAN tasks measurgpeed of naming
familiar visual stimuli (digits, letters, patches of colour, or pictures of common objects)
displayed repeatedly on a single page. Several st(elgpallor, 2002) have shown
that RANcorrelates with both wordeading accuracy and passagading fluencyat
the early stage of literacy acquisitidhseems that the processes involved in RAN
(such as visual analysis of an object, efficient nameswetrfrom longterm memory,
and articulation of those names) are important for efficient readlittqpugh previous
studesshowedthatRAN of digits andobjectswashighly related to Chinese literacy
competence (Tzeng, 200&) remainsunclearwhich paticular aspec of RAN
performanceare mostloselyrelatad to early literacy acquisition in young

Mandarirspeaking children.

Therefore, the currestudyfocuseson describing the interrelation betwegroken
languageskills, PA, RAN and reading perfonancein Mandarin/Chinese language

acquisition Themain aimsof this studyare to investigate thellowing:

I



1. Phonological awarenestevelopmenand literacyacquisitionprogressn
children speaking twdifferent languages (Mandarin and Taiwanese) and
learning two writing systemsZF and traditional Chinese

2. The development dfifferent aspects of phonological awareness during the
earlyyeass of schooling andhow it relates to concurrent spoken language
skills.

3. Whetherphonological awarenessidrapid aubmatized namingf measured
earlyingrade Icanpr edi ct the chil dds progress
later.

4. Whether there is a reciprocal relationship betwggmnological awarenessd
literacy acquisition in Mandariepeaking children, and, $o, how the
interaction works.

5. Whetherthere is any significant differenae literacy, PA RAN and spoken
language between children who perform less well in ZF/ Chinese readimg or

speech output than typically developing children.

In this studychildrenaged 67 who were attending a mainstream school in Taiwan
were invited to take part. Only children with significant and observed special needs
were excluded (e.g. Downsyndromeautism).Thisis the age atvhich children in
Taiwan start their formaducation by receiving a temeek intense ZF course before
learning Chinesé oneyear longitudinal design was adoptedcépture the
developmental changes the critical stagand identify relationships that are likely to
be causla The development dflandarin phonological awarendssthe first two

years ofschooing in Taipei, Taiwan, was examined in relatiorsfibken language

skills andliteracyperformanceCh i | d spekenamrguageskills, includingspeech

intelligibility, receptive vocabulary,esnantic fluency anduditorycomprehensioand

4



memory werealsoassessed.he epectedpredictors of future performance on
reading such as RAN and letter knowledgesre measured at the beginning of
schooling.Furthermore, background variables, includgemder, social economic
status family language$Mandarin dominant or notand control variables, e.g.
nonverbal IQ, weralso examinedKnowing whichof the above variables interact
with each other and reflect the process of literacy acquisitibtandarinspeaking
children and how they do seyould be helpfuhot onlyin understanding if knowing
two languages helps or hinde¢heir development of phonological awarendxss also
in identifying those children whimight beat high risk of having difficulty in learning

to readat the beginning of their schooling.

Thesis Outline

The thesis comprissevenchaptersn addition tothe introduction Chaper 1reviews
the relevant literature; firstly it focason introducing the spoken and written
language used in Taiwaandreviews the previous studies thaaveexploral Chinese
literacy acquisitionThe review of literature then covers predictive variables of
reading, including phonological awareness and rapid automatized ndinegple of
oral spokeranguage skills anthe components of structuring a local model of
reading development were then revieweastly, research questiorterived from the
review are listed. While the chaptefersto studies of other languaggsrticular

attertion is paid o findingson the Mandarinlanguageand Clineseorthography.

Chapter 2 presents theethodologyof the studyand describethedesign the
participantsthe materialsused, including those specifically designed for the study,
and thedata collectiorprocedureThe results are presented in the riext chapters

(Chaptes 3to 6).Chapter 3 focusson the development &fA during the first year of

5



schooling, and how PA performance correlates with spoken langldigeChapte#
deals with the developent of literacy skills and RAIlds well aghe interrelations
between different aspectsldaéracy and RAN Chapter 5 describé®w literacy and
PA are predicted bgther measure®oth longitudinally and concurrentlifhe main
analyses presentéua this chapterare correlatiorand multiple regressicanalysis
Chapter 6 describesd comparetheliteracy, PA RAN and spoken languagofiles
of those children singled out because of thewr reading accuracy, comprehension,

or speech output skillwith those of typically developing children

Thelast chapter, Chapt&r presents somgeneral discussion of the stuayd
concludeghe studywith the theoretical, methodological and practeaplications of

thefindings



Chapter 1 Literature Review

This chapter provides background information on languages, orthography and literacy
education and acquisition. In the first section, the major languages used in Taiwan
will be introduced, followed by orthography systems used in Taiwan, such as
traditional Chnese characters and Zhuyin Fuhao, together with how these are taught
to school entrants. Next, literature about the role of phonological awareness in the
context of reading acquisition, particularly in Mandaspeaking children, will be
reviewed; followedy the introduction and evidencerapidautomatizechaming as
another powerful predictor of learning to re@tie research questions of the study

will conclude this chapter.

1.1 LanguagesQrthography and Literacy Acquisition in Taiwan

1.1.1 SpokerL anguages

In Taiwan, Mandarin is the only official language. The vast majority of people are
able to speak Mandarin. However, Mandarin is not the most popular first language.
Many people speak Taiwanese or other dialects as a first language and do not learn
Mandarin formally until preschool or primary school education (Chen, 1999; Roger,
2005). For example, up to seventy per cent of the population in Taiwan consists of
southern Min people who speak Taiwanese as their first language and Mandarin as
their secod (Liao, 2008). In this section, Mandarin phonology will be introduced first,
followed by the bilingual environment in Taiwan and the characteristics of Taiwan

Mandarin.

1.1.1.1 Mandarin Phonology

Mandarin is a tonal language largely based on the Betjialect which has a highly
constrained sound structure (Zhu, 2006). That is, there are a very limited number of
elements that are allowed to be present in certain parts of a syHahkleeranalysis

of its sound structure shows the only syllable terrgia Mandarin is: (C)(V)V(C) T,

7



where tone, consonants and vowels are abbreviated as C, V and T. Segments in the

parentheses indicate a noompulsory part in a Mandarin syllable.

Two approaches to analysing this structure have been propdeedolndtructure

of a syllable in Mandarin has been traditionally segmented into jritial segment

and tone since ancient times in China (Ching & Tien, 1995; Chen, 1999; Hu, 2008;
Roger, 2005)Initial (or onset) in Mandarin is normally a consonant andanot
compulsory part. That is, legal syllables in Mandarin might contain no consonant
onset but one rhyme segmeffinal in Mandarin is a combination afiedialand

syllabic endingChen, 1999; Hu, 2008; Roger, 2005). Thedialwould be one of

only three vowss, /i/, /u/ and /y/. Asyllabic endingcan be a vowel or diphthong plus

a final nasal consonant (either /n/ bf)/ More specifically, the single vowel or

diphthong in a syllabic ending is the only compulsory part for a Mandarin syllable
(Ching & Tien, B95). Figure 1.1 presents the suprasegmental and detailed segmental
components in the syllable sound structure in Mandarin according to this perspective.
This approach highlights the importance of the tonal element and the constrained
possibility of the mdial and coda. It also reflects the conventional segmentation of a
legal syllable in Mandarin: that is, the only compulsory part of a syllable serves as a

nucleus connecting other optional elements such as coda, medial and onset.

Syllable

Tone / \

Initial Final

7\

Medial Syllable ending

/ N\

Nuclleus Colda
m i e n

Figure 1.1 The somd structure of a syllable in Mandarin
(based on Hu, 2008, p.47)



Various Linguistic Levels within a Syllable in Mandarin
According to this sound structure, there could be at least five linguistic levels included

within a syllable: syllable, onset, rimene and phoneme.

The typical syllable itself may include at least onset, rime and tone. The onset level in
Mandarin includes only one consonant and therefore it may be counted as an onset
(phoneme) level as well. The rime level includes a single vovagbhdhong, or the
combination of these two elements, with or without a final nasal consonant. This
flexibility allows this level to be a potentially larger segment than the onset and
phoneme level where only a phoneme segment is allowed. Regardingeahevignit
cannot be separated with any legal syllable for it is a suprasegmental elEneent.
phoneme level here may be one of three medial single vowels or two final nasal
consonants. In contrast with onset phoneme, the phoneme level is not stressed in

intensity or duration when compared to the compulsory nucleus part.

The other approach to analysing the sound structure of a syllable in Mandarin,
proposed by Zhu (2006), follows the structure of alphabetic languages such as English,
and is illustratedn Figure 1.2. Compared with the sound structure in Figure 1.1, this
structure does not include the tonal part, and ignores the medial part by clustering
vowels together as a nucledsccording to this perspective, up to eleven diphthongs

and four triphtlongs can be found within a syllable in Mandarin. Howeveloés not
distinguish the norwompulsory medial vowels from the nucleus which should be an

obligatory component.
Syllable

/N

Onset Rhyme

Nucleus Coda
consonant  vowel /m, 1)/

Figure 1.2 The sound structure of a syllable (based on Zhu, 2006, p.82)



Tone variation in Mandarin provides different semantic information. Four tone
categories in spoken Chinese are widely recognized (Sanders, 2008). They are high
level (tone 1), mid to high rising (tone 2)jd to low to mid dipping (tone 3) and high

to low falling (tone 4) infundamentafrequency level (Lee & Zee, 2003). The pitch

contours of these four tones dhastrated in Figure 1.3.

5 0O m
4+
Tone 2
3— ]
2_ —
Tane 3
Tone 4

] | 1

Figure 1.3Fqlevels of four tones in Mandarin(based on Ching & Tien, 1995,

p.69)

Regardless of the variatisrof the four tones, around four hundred syllables are used
in MandarinCee & Zee, 2003; Chen, 1999Vhen the four tones are taken into
consideration, Mandarin includé830syllables (Ching & Tien, 1995; Zhu, 2006).

Consonants and Vowels in Mandarin

There is no agreement on the exact number of consonants in Mandarin. The number
ranges from twentywo to twentyfour (Ching & Tien, 1995; Lee & Zee, 2003; Zhu,
2006). Nevertheless, twentywo consonants are commonly recognized. The other two
approximant cosonants (/w/ and /j/) will be categorised as a shortened form of two

vowels (/u/ and /i/) in this stud@hing & Tien, 1995
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In general, a single consonant is sufficient for an onset; that is, no cluster onset exists
in Mandarin. Additionally, only two@nsonants (/n/ and/f) can be final consonants
(coda). The first one (/n/) may serve as onset as well. Table 1.1 presents these

twenty-two onset consonants categorised by their placement and manner.

Table 1.1 Consonants in Mandarinlbased on Ching & Tien 1995; Zhu, 2006;

Lee & Zee, 2003)

Bilabial | Labiodentall Alveolar | Postalveolar| Palatal | Velar
Plosive p p t t k k-
Affricate ts ts tR6 tRé ti tj-
Fricative f S RO i X
Approximant Ad
Lateral I
approximant
Nasal m n M

A single vowel in Mandarin is the most basic element, since diphthongs and/or
triphthongs are the combination of two or three of them. As with consonants, there is
no agreement on the exact number of single vowels in Mandarin according to various
regions The number of single vowels ranges from eight to twelve (Wang & Jaeger,
2003; Zhu, 2006). Ching and Tien (1995) listed six basic single vowels, nine
diphthongs and four triphthongs. Zhu (2006) categorized vowels into three groups,

with nine single vowelsnine diphthongs and four triphthongs.

Since the study focuses on Mandaspeaking children in Taiwan, the vowel system

used in Taiwan is presented as the following (Wang and Jaeger, 2003):
N — 1. 4, ]

Iyl = ly. yl

/= [u, wj

/ol — [e. g, 2, 2, 0, ¥]

fal — |a, a]
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According to this vowel system, five major vowels womnldnifest differently in

various phonetic contexts.

Diphthongs in Mandarin are uttered by gliding one single vowel towards the other
(Ching & Tien, 1995; Zhu, 2006). Ching and Tien (1995) listed nine diphthongs
including four offglides fai/, /ei/, /ao//ou/) and five onglides (/ia/, /ie/, &) /uo/,

/uD)). The difference between the two groups is the difference between two elements
in their duration and the direction of intensity. One element is longer and has more
intensity. For the offglides, the §&ir vowel would be pronounced longer and louder,

and vice versa for the onglides. Similarly, but using different symbols to those of the
International Phonetic Alphabet, Zhu (2006) agreed that there are nine diphthongs in
Mandarin (offglides/ael/, /eil, /al, lou/;onglides: /ia/, I, Iy /, luo/, hOY). On the

other hand, Lee and Zee (2003) analysed the narrative data from a typical young adult

in Beijing, and listed eleven diphthongs in total with two extra onglid@s:ad /iu/.

Neverthelessaccordng to the traditional sound structure of a syllable in Mandarin,
thefour onglidediphthongs, including both a medial and a syllable ending, can be
further segmented into two single vowels, and therefore it is not very proper to apply
the definition of gohthongs in a strict sense. Only those four offglide diphthongs
where two vowels both belong to a syllable ending and cannot be separated should be
counted as diphthongs, for they do not start with the medial vowel in Mandarin,
namely /i/, /ul or ly/The same principle could be applied to the fourcatied

triphthongs in Mandarin (/iao/, /iou/, /uae/ and /uai/) based on the simplified sound
structure in fig. 1.2 (Ching & Tien, 1995; Zhu, 2006; Lee & Zee, 2003). They may be
further segmented into medialédiphthong syllable endings. Therefore, from this
viewpoint,there are twentywo consonants and nine vowels (five single vowels and
four diphthongs) in Mandarin. In other words, there are tlurng phonemes in

Mandarin to be used and combined into foundred and twenty syllables.
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To conclude, there is a disagreement on the advantages of the two sound structures in
Mandarin. In this study, the traditional sound structure (see fig. 1.1) was applied,
because it matches more closely the way of spelitig Zhuyin Fuhao (ZF) (see

section 1.1.2.2), which is a phonetic writing system used in Taiwan.

1.1.1.2 Bilingual Environment in Taiwan

The bilingual environment in Taiwan has been shaped by its historically peculiar
situation in the last few centuriéBaiwan was part of the Fujianprovince of China
from 1683, where the major part of the population spoke the Min dialect which was

the predecessor of Taiwanese.

Taiwanese is a dialect of Hokkien Min which is a mother tongue of the-sasathrn

area of Chma. Taiwanese and Mandarin are not mutually intelligible despite a few
phonological similarities between thetrup, 2005).Figure 1.4 presents the

percentages of similarity between Taiwanese and Mandarin in tones, consonants and

vowels.

100%( || \ |
80% 4 / _
[ Taiwanese

60% specific

!

B Same in two languages

40%
@ Mandarin
20% specific
0%
Tone consonant vowel
phoneme phoneme

Figurel.4The percentages of similarity between Taiwanese and Mandaripased

on Luo, 2005
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Taiwan was ceded to Japan in 1895H®/Qing government of China and was

governed by Japan until 1945. Japanese was promoted as the only official language in
Tawanunded apands governance. Students in sct
languages. It was found that up to 71 per cent of the population in Taiwan were
proficient in Japanese by 1944 (Chen, 1999). When Taiwan was returned to China in
1945, Mandarin as a new wffal language was promoted strongly by the new
government at that time. Since then Mandarin has been the mainstream language used
on official occasions and in schools. Schage children speaking dialects at school

would be penalised. This rule was notrhally abolished by the Ministry of

Education until 1983 (Chen, 1999). A large number of people, regardless of their ages,
were again encouraged and/or forced to acquire Mandarin as their second (or third)
language at the same time. The great majorith@fpopulation who were Min native
speakers had to acquire Mandarin in a very short period of time. This was thought to
be one of the reasons for language assimilation between Mandarin and Taiwanese
(Fon, Hung, Huang & Hsu, 2011n addition, it is now @ablished that assimilation

between these two languages isgming (Hsu &'sg 2007; Her, 2009).

Currently Taiwanese is still the most popular language, spoken by up to 70 per cent of
the population in Taiwan (Liao, 2008). Taiwanese is particularly insedormal

situations. Z. Qiu and van den Berg (1994, cited in Chen, 1999) found that sixty per
cent of people would use Taiwanese to communicate in markets whereas only
twenty-two per cent of people use Mandarin. On the other hand, in workplaces, both
languages are used to a similar extent, with 43 per cent speaking Taiwanese and 42
per cent Mandarin. For a Taiwanese native speaker, pronouncing some phonemes in
Mandarin may be very challenging, particularly those that do not exist in Taiwanese,

such as pst-alveolar and labiodental consonants (Luo, 2006).

The phonological impact of Taiwanese on Mandarin can be observed in consonants,

vowels and tones (Kubler & Ho, 1984; Sanders, 2008; Wan & Jaeger, Z0@3).
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label6 Tai wan Mandar i n6shinierms thasesferrds ot Manddrinst i n g u
used or influenced by speakers of other dialects, such as Beijing Mandarin.

Furthermore, Taiwan Mandarin particularly refers to the standard Mandarin spoken by
bilingual peopl e al ongsiwaeMandamniisthepar ent s
preferred language for them (Hsu, 2007). In other words, Taiwan Mandarin has

become a particular Mandarin dialect. Its deviation from the standard Mandarin

depends on speakerso soci al and | inguist.

Thefollowing are the most important features of Taiwan Mandarin compared to
Beijing Mandarin:

Initial

The stalveolarconsonant§/tRf, / tRé /, /Rpand Ad) are merged with their
corresponding alveolaonsonants (/ts/, / ts/,/ s / and / I/). In adition, labiodental

It/ is mostly replaced by /x/(Kubler & Ho, 1984).

Nucleus
When preceded by a labial initial (/p/; lp/m/, /f/) or medial /u/, aydlable ending
with /?/ would becoméo], such as7MA [oM(Kubler & Ho, 1984)

Syllable final
Syllable final nasal mergers were found in Taiwan Mandariri V], /iMA [in]
and ”MA [?n], which may be attributed to innovations or negative Min transfer (Fon

et al., 2011).

Tone
The difference of tone contour between tone 2 and tone 3 is decnedsad/an
Mandarin. That is, the contour of tone 2 is changed from a rising contour to a dipping

one, which used to be the main pitch contour of torigaBders, 2008
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To concludebecausdaiwan Mandarin has assimilatedmephonological features

from Taiwanese, school entrants who grow up in such a bilingual environment would
inevitably face a challenge in acquiring standard Mandarin from school age. In
particular, Chinese characters are annotated by a phonetic systehmgtdshased on
Beijing Mandain rather than Taiwan Mandariffthe next section will introduce these
two orthography systems in order to elaborate the linguistic context and/or needs of

school entrants.

1.1.2 Orthography Systems in Taiwan

Chinese characters are used in many counsiesh as Taiwan, Mainland China and
Singapore, as a written form of many languages or dialects which are not always
mutually intelligible. Even in Japan and Korea, people are using Chinese characters as
part of their writing systems (Rogers, 2005). Invilan, the traditional Chinese

characters which have been used for thousands of years are the official orthography of
Mandarin. Figure b.shows a layout example of a literacy textbook for Grade 1

students where ZF letters are presented on the right. #shbiwn here, in Chinese,

the boundaries between words and phrases are unmarked phonologically as well as
graphically. The translation of the text (Figh)lis: fiLesson One. | get up. The sky

has become lighter. | get up. (And | see) the sun is gettirg up

Ri
D=

S A - —

fes 7
1

i

*1
N
m

/
v

"y

~
I A
<

aF

RSN
£

Figure 1.5 An example of a literacy textbook
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In order to annotate the pronunciation of characters, a phonetic orthography system
based on the Beijing dialect, Zhuyin Fuh:
promulgated in 1918 by the Minirg of Education of the Republic of China, which is

now the official name of the government in Taiwan. This idea of using ZF for

exclusively representing the pronunciation of the official language, Mandarin, was

realized and adopted to facilitate learnthg pronunciation of characters in 1930

(Chen, 1999). Currently, these two orthography systems are used in parallel in the
textbooks for the first four years of primary school in Taiwan. The following section

will present what these systems are and how tékate to the sound structure of

Mandarin and its role in learning to read Chinese.

1.1.2.1 Chines&€haracters: A Morpho-syllabic System

There is not always a difference between the spoken and written forms in which
sentences (or messages) are convagddng as people use written words to note

down the spoken message or read out the written passages at any time. Thus, even
though Chinese is commonly thought to be a logographic system without a consistent
correspondence in grapkhphonemic mapping®eFrancis (1989) claimed that it

belongs among syllabic writing systems representing meanings and phonetic
messages in their written form. Chinese orthography is not a written system designed
to represent the written form of a particular language or dibléatather represents a
group of tonalsyllabic languages or dialects, the family of Chinese spoken languages,

which are mutually unintelligible in general (Ho, 2003; Roger, 2005).

Chinese orthography uses symbols known as characters that generafipawires a
syllable segment of speech. However, a Chinese character encodes a meaning and/or
phonetic message without a etteone mapping relationship between its morpheme

and speech segment (syllable). That is why the Chinese writing system is dessribed

a morphographic or morpksyllabic system (Chen, 1999; Rogers, 2005). The
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relationship between script and language is not transparent at all but complicated
(Chen, 1999; Lee, Hung & Tzeng, 2006). Many characters may share the same
pronunciation as homynes. A good example of homophones wghich has 137

distinct characters regardless of their tone variations (Chen, 1999).

Although Chinese orthography is commonly thought to be logographic without
encoding pure phonetic values, there is only a spaation of characters (10 per cent)
conveying meaning by pictographic representation (Ho, 2005). Up to 74 per cent of
the 2000 most common characters are composed of a phonetic and a semantic form
(Chen, 1999). It is open to debate if literacy acquisitio@hinese is closely related

to accessing a phonetic message via its orthogrdph$hu, McBrideChang, Liu &

Xue, 2008. This relationship would more or less reflect the importance of spoken
language skills and phonological awareness in learning doCGhmese. In a later

section (see 1.1.3.2), this issue will be developed further.

The graphic component of a character is the stroke. The average number of strokes

per traditional character, based on the most common 2000 characters, is 11.2 (Chan,
1982,cited in Ho, 2003). Combined strokes are used to form any of the three units (or
radicals) of characters, namely phonetic, semantic and/or symbolic marks. A character
can be either a single unit or composed of two or three units (Chen, 1999). For
example,© /paié/i s itself a character and means
phonetic unit of another character /paiGwhi ch means O6hundred6.
may be a symbolicunitiA tiE/fwhi ch means 0t &rThereisono ( s e e
convention detrmining the positions of units and their roles in a character (Florian,
1996). However, in some cases, such as phesetiantic compound characters,

there is a habitual position for a phonetic or semantic radical. Semantic radicals

normally are locatedtahe left or top of a character (Tsai & Nunes, 2003).
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é i a phonetic unit

a character

a symbolic unit

Figure 1.6 An example of a charater being a unit of other claracters

1.1.2.2 Zhuyin Fuhao: A Semisyllabic System

ZF provides a simple phonetic spelling system for children to retiesieal
information about Chinese characters. Symbols of ZF are derived from ancient or
simplified Chinese characters with simple strokes (Chen, 1999). It can be written
either topdown or leftto-right, like characters. Tonal marks are always placelgeat t

right side of ZF letters.

ZF was published in 191 8-amotatingdetiers).&sd 6 Z h u
author originally designed it as an independent written system to replace Chinese
characters. I n 1930, it -aeottingsymmle)dal 6 Zh u:
this writing system was not expected by the government at that time to serve its

original intention, but was simply used as a complementary tool to annotate characters
(Chen, 1999). When the same government regained control of Ten&849, this

official policy was retained and promoted in Taiwan.
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Being a sembyllabic orthography system, ZF includes 37 letteepresenting either
the onset (21 letters) or rime (16 letters) of a syllaB&rtelson, Chen & Gelder, 1997,
Ching & Tien, 19935. Its spelling corresponds to the sound structure of a syllable in
Mandarin, including onset, medial and syllable endi#tgwas mistakenly thought to

be an alphabetic orthography by researchers investigating the cognitive profile of
developmerdl dyslexia or predicting the effect of phonological awareness (Hu, 2005;
Huange & Hanley, 1997; Li & Ko, 2009)he defining feature of ZF as a

semisyllabic orthography is that its spelling of initial and medial is alphabetic (see
Figure 1.1), but the dgble ending (nucleus and coda) is combined in syllabaries and
symbolized by single ZF letters (Wikipedia, 2011). For examfi®h C ? (measure)

is pronounced as /M in tone 2. The first two ZF letter{ and @ ) corresponding

to its initial /I/ and mediali/ accordingly, but the last lette€ / symbolizes the
combination of nucleus /a/ and codi&. /Table 2.4 presents all the ZF symbols #dred

corresponthgsymbols of theriternationaPhoneticAlphabet (IPA).

As presented in Table 1.2, each letter regmessa single consonant or vowel, except
four ZF letters (Nos. 333) representing syllable endings which comprise two
phonemes, and another four letters (Ne22 representing diphthongs. The average
number ofstrokesinthe 37 ZF letters is 2.24 which far less than that of traditional

characters (11.2) used in Taiwan.

'Even though ZF is a syllabary system where symbols correspond to either phonemesler syllab
endings, for the sake of simplicity and its funct
thesis.
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Table 1.2 IPA List for Zhuyin-Fuhao

No. Letter IPA No. Letter IPA
Symbaol Symbaol
1. o p 20. -+ ts
2. 5 p" 21. A 5
3. M m 22. N a
4. C f 23, ra 0
5. 2 t 24. =z 3
6. & th 25 + €
7. K n 26. £ ai
8. ol 1 27. . el
9. i k 28. Z au
10. El k® 29. z ou
11. I X 30. 5 an
12. 1 i@ 3l. L an
13. { ta® 32 A ap
14. T @ 33. £ or
15. W 1] 34. ML ¥
16. 4 t] " 35. — i
17. P ) 36. #, u
18. ] 1 37. L
19. T ts

The Pros and Cons ofUsing ZF as aPhonetic System of Mandarin

ZF is not the only phonetic system to annotate Mandarin.¥&mgle, in Mainland

China, the pinyin system, being an alphabetic system, has adopted 25 alphabet letters

to annotate Mandarin, its official language (Wong & Lau, 1983). As with ZF in

Taiwan, pinyin is taught during the first weeks of schoolingto fatilga c hi | dr e n 6 :
literacy acquisition in Chinese (Chen, 1999) Therefore, it is worth reviewing the pros

and cons of using ZF as the complementary orthography, particularly for beginners in

literacy education.

One of the advantages of the ZF system compar#te pinyin system in annotating
Chinese characters is its correspondence with the sound structure of Mandarin. That is,
with at most three ZF letters, a ZF syllabic composite represents the initial, medial

and syllable ending part of a syllable in Mand. In addition, for a zero initial
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syllable in Mandarin, such as /i/, a single vowel ZF letter is enough to annotate it
straightforwardly, while an extra O0yod in

using the pinyin system (Wang, 1985).

However, the correspondence between theyllable compositand Mandarin

phonology is not always consistent, particularly for those letter composites that
represent syllable endings with a final nasal consonant or a bilabial initial followed by
/ol or M (Wang, 2003) . For example, lett€f represents /an/ ih I ; but the same
letter representing /en/ i ® M .This gap between phonetic symbols and
pronunciation in daily usage may be attributed to thgang assimilation between

languages used by a community.

Regarding the graphic featgref ZF,this semisyllabic system uses graphics

originating from simplified Chinese characters; the familiarity of these symbols might

to some extent facilitate childrends emei
2011). Thus, using ZF as a phonetidex allows children to pronounce new
characters without assistance from their
vocabulary knowledge to written material, and helps children to teach themselves in
learning new characters by reading characassisted by pronunciation cues provided

by ZF (Lee, Hung & Tzeng, 2006).

1.1.3 Literacy Acquisition in Chinese

Literacy provides children with a new way of learning to express themselves. As
children acquire literacy skills, they develop the competeéodecode written forms
connecting to its phonological and/or lexical representation. In this section, literacy
instruction in Taiwan, which begins with the intensive ZF course, will be introduced,
followed by a review of how Chinese characters are aeduiy schoehge children,

including the cognitive process involved.
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1.1.3.1 Literacylnstruction: Teaching ZF before Chines€haracters

The systematic instruction of ZF starts when children enter primary school after the
age of six. It is officially fobidden to teach ZF letters-@gentextually in preschool in
Taiwan (Ministry of Education in Taiwan, 88). Therefore, most of the preschool
teachers would embed ZF letter recognition and practise-gtterd mapping in
literacy-related activities; somef them might teach ZF deontextually under

pressure from parents (Chen & Kao, 2009). According to a previous study by Hung

(2008), over 90 % of Grade 1 pupils had learnt all ZF letters before school entrance.

Formal teaching of ZF starts right afteildren enter primary school. During the first

ten weeks of schooling, children are taught the tigetyen letters of ZF, and learn to
speak and spell out ZF &6éwordsod eweekbi ni ng
intense ZF course, students are exgetd acquire the skills to read and spell ZF

without difficulty. The first school examination, normally in the eleventh week, would

then test their level of proficiency in ZF literacy. Accuracy and fluency in reading ZF
words are crucial if school entrardre to progress well with their literacy, since all

writing is presented only in ZF in the first months of their schooling.

Chen and Yuen (1991) argued that learning such a phonetic system before learning
characters might encourage children to takeamotice of the phonological

i nformation of written words in Chinese .
phonological processing. However, they also suggest that this ability might be

detrimental when the target orthography being acquired isalexased and has no

consistent correspondence between graphemes and phonemes, as is the case with
Chinese orthography. They investigated the effect of different instruction systems of
Chinese literacy in Hong Kong, Mainland China and Taiwan. AlthougheSki

orthography is used in all the above areas, the script used in Mainland China is

simplified in comparison to the traditional characters used in Hong Kong and Taiwan.

In addition, school entrants in Hong Kong do not receive phonetic instructiongrior t
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learning characters. In contrast, however, two different phonetic systems, ZF and

pinyin, were taught in Taiwan and Mainland China, respectively.

Their participants were scheafe children (average age 7.5 to 8.1) in Hong Kong (72
children), Shanghdb7 children) and Taipei (73 children). The results showed that
children who received phonetic instruction before learning characters increased their
accuracy rate in naming pseudoaracters without suffering any negative effect on

their acquisition of ral characters. Besides, learning traditional characters enhances
childrends epilinguistic knowledge of <c¢h;
orthographic knowledge to complete a lexical decision task. Here, epilinguistic
knowledge is defined as the ingt knowledge of how language is organized in

various aspects, such as phonology, and how it is acquired by accumulated experience.
This study also found that children in Taiwan and Hong Kong were more inclined to
adopt phonological information on decoglicharacters than children in Mainland

China, who mainly relied on the visual informatiorthiassshowed that whether or

not they | earnt phonetic systems did not

phonological knowledge to judge the legality bacacters.

However, the ZF orthography system is not always recommended in annotating
Chinese characters. Wong and Lau (1983) compared two groups of adolescents (age
between 12;8 and 16;7 ) on memw multi-syllabic spelling immediately after they

learnt either pinyin or ZF for eight weeks. Each group had 40 particijpants

secondary school in Hong Kong where children do not learn any phonetic system,
neither ZF nor pinyin, at their primary school stage. They found that eight weeks were
not enoug for the ZF group to master the ZF letseund mapping. The pinyin group
performed better thame ZF group in the spelling test. The result was attributed to the
fact that students in Hong Kong normally acquire alphabetic letters which are used in
thepinyin system before entering secondary schools. The higher level of difficulty in

learning ZF letters might be attributed to the larger number of letters in the ZF system
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(31 letters) than in the pinyin system (28&ers) and some visual similarity among
letters, such agd /h, | //b and € /S . A further error analysis revealed an
advantage of the ZF system in which single letters are used to annotate each of the
four diphthongs (/ai/, /eil/, /ao/ and /ou/) which are single phonemes, rather than two
separate vows. In addition, the ZF system creates no confusion in annotating a
sentence where a ZF letter compound represents the sound of a character (i.e., a
syllable). In contrast, writing sentences in the pinyin system would rely on the
knowledge of syllable bowtary markings heavily. Table 1.3 presetis phrasé t h e
phonetic systemdia n | a mgRaadpinginscripts Thed dinmg 'S n o

syllable boundary marking to avoid confusion.

Table 1.3 The scripts of ZF and pinyin

ZF — R
3

pinyin Hanyu pinyin fang'an

Wong and La6 eesultsfor adolescentshould not be taken as evidence for the
behaviour ofpreschool chilcen, that is, whether it may take longer or shorter for a
younger child to become fully familiar with this system is unknown. However,
theirstudyshowed the importance of acqog ZF letter knowledge early enghto

master spelling skilldt is alsoimportant to examine whether notten weeks of

intense ZF teaching athool entrances enough for typical children to master
soundletter mapping in order to use the ZF phonetic system for reading and spelling.
It is noteworthy that systematic phonologiaalarenesgraining is not included in the

curriculum of either preschools or primary schools in Taiwan.
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1.1.3.2 TheAcquisition of ChineseCharacters

In Taiwan, charactemre notintroduced to primary school entrants until th&' feek

of schoolingafter which they are always used alongside ZF for the first four years in
primary school. However, children might acquire a few characters in their daily life or
preschool education where story books are easily availablkestigating the number

of charaters recognised by preschool children with a standardized character
recognition test originally designed for schagje children, Wu (2010) found that it

ranged from below twenty to more than eighty.

By random sampling characters shown in books an@aspapers of university
readersit was found that the 4500 most common characters are enough for daily
usage in Taiwan (Liu, Chuang and Wang, 1975, cited in Ho, 2003). The first 1000
high frequency characters cover 90 per cent of those used in a new§eapétung

& Tzeng, 2006). Literacy skills therefore should take the number of recognized
characters into account, rather than the number or range of words only. Chen (1999)
proposed that the number of characters acquired by children is the only measure t
reflect their literacy level, rather than learnt words, as in the case of alphabetic
languages. According to the national curriculum tafgeliteracy, children are

expected to learn 78800 characters by the end of their second school year (Ministry

of Education in Taiwan, 2011).

Wang, Hung, Chang and Chen (2008) investigated the average number of characters
recognized by 2,842 scheage children from Grades 1 to 6 (age range 6 to 11) of
mainstream primary schools in Taiwan. The results showethinaumber of

recognized characters increases according to the number of years of formal literacy
education (Figure ). This implies that the acquisition of Chinese characters requires
specific practice or experience in order to progress through the gearimary

school.
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In addition, they found the individual difference increased substantially from Grade 2
(standard deviation = 363.54) to Grade 3 (standard deviation = 816.30) and then
continued in the same way for the remaining years of primary schoey proposed

that this result reflects the critical effect of learning to read for those children who
acquire a certain number of recognized characters; the accumulated epilinguistic
knowledge of decoding new characters would accelerate their competeaading

and therefore reciprocally extend the range of recognized characters. In contrast,
children who can only recognize a limited number of characters before Grade 3 may
remain at the lowest end of a class or group unless they are identifiedeamdntion

is delivered.

No. of CH
3500 -

3000 -
2500 -
2000 -
1500 |-
1000

500 -
oL

Figure 1.7 The average number of characters recognized bylsool-age children

(based on Wang et al., 2008, p. 562)

Wanga, Perfetti and Liub (2005) found that processing of form and position of
radicals forming charaateis a powerful predictor of future performance in character
recognition. That is, the process of decoding characters is not simply logographic but

involves epilinguistic knowledge of how characters are structured into units.

The Cognitive Processesnvolved in the Acquisition of ChineseOrthography
Ho and Bryant (1997) investigated whether the orthogrggbtonology

correspondence (OPC) rules, unlike analytic decoding of grappboreme
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correspondence (GPC) in alphabetic languages, can describe howesthaas
decodegphonetiesemantic compounds, which account for the great majority of
characters (see section 1.1.2.1.). Their results showed that reading Chinese does not
involve a bgographic recognition process since lexical access is not possibbeitwith
intermediate phonological coding. Children relied on the phonetic radical of a new
character to provide its phonological clue and were inclined to assume a
pseudephonetiesemantic compound to be an ideophonetic compolimat is, they
would pronunce aseudephonetiecsemantic compounaccording to the name of its
phonetic radicalThey concluded that younger readers seem to develop their skills in
reading Chinese naturally, discovering segptind regularity (OPC rules) first, and
explore exceptiontthis regularity at a later stage. It is noted that the participants in
this study lived in Hong Kong and had not received any phonetic instruction before

learning these characters.

Hu (2010) investigated the epilinguistic knowledge of how a charsieterd look

when it comes to a semanpbionetic compound in Grade 4 (age range 9 to 10)
children in Taiwan. A pseudcharacter choice task with fourteen items was designed
and conductewith 104 typically developing children. Participants were asked to
choose from three options the most suitable script to fit a description of the lexical
and phonetic characteristics. Each item included three ps#atacters: (a) a

character with a matched semantic radical and a foil phonetic radical; b) a character
with a foil semantic radical and a phonetic radical either totally or partially matched; c)

a character with a foil semantic radical and a foil phonetic radical.

The result showed that, when the pronunciation of a phonetic radical perfectly
matched the pronwnation of that character, this option was the one most likely to be
chosen by the children as its written form. Otherwise, there was no significant
preference between semantic match and partial phonetic match of a-phataider

which was a semantighanetic compound. In addition, this preference was not
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correlated to childrends competence at c|
that schoclage children explore and process the phonetic information of a new

character at the sutharacter level ineading.

However, this study did not take into account the conventional pronunciation of
semantiephonetic compounds with those chosen radicals. It is possible that children

made eacludgemenbn the basis of their implicit knowledge of those radicaish

as whether certain radicals are legal characters on their own. This kind of epilinguistic
knowl edge might also influence chil dreno:

match of a target character.

Another study focusing on the difficultgvel of correctly pronouncing

phonetiesemantic compounds showed that it depends on how the pronunciation of a
compound relates to its phonetic radical. Wu and Huang (2004) investigated the
difficulty level of speaking aloud phonetsemantic compound ctacters in primary

and secondary schools participants (age range 6 to 14). They categorized five groups
of phonetiesemantic compound characters according to the degree of similarity
between the pronunciation of the phonetic radical and the pronunciétios entire
compound: a) sharing the same pronunciation completely; b) sharing the same tone
only; c¢) sharing the same onset only; d) sharing the same rime only; and e) having
nothing in common. The results on the accuracy in naming characters across the
above five groups in primary school participants are shown in Figdurét tvas found

that the degree of accuracy across all types of serqatmticetic compounds

increased through the grades, with the grade accounting for 62% of variance in
naming accurac Type(e) (with nothing in common between the phonetic clue and

its pronunciation) had the highest accuracy while {gpéwith a perfect match

between the phonetic clue and its pronunciation) had the lowest accuracy. In addition,
the contribution to amuracy variance from all five kinds of mapping of

phonetiesemantic characters was only 3 per cent.
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Although having a low contribution to accuracy variance, this result showed that
schootage children do not simply depend on the phonological clues phtheetic
radical to name a character. The finding that various levels of similarity in tone, onset,
and the rime part of a phonetic radical led to different accuracy rates in this study
implies that schoehge children are able to decode these linguistiels of phonetic
radicals and apply them to the pronunciation of a particular character. Thus, these
linguistic levels of awareness play an important role in naming a new character for
schootlage children. Further, the high contribution to accuracy negidrom the

grades implies that character acquisition largely relies on practice and experience.
In other words, the results confirmed that the link between phonetic information and
character pronunciation lacks consistency and may be confusing foneeggin
Therefore, learning the name of a character by rote seems to be unavidalgde

al., 2008)
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Figure 1.8 Difficulty level of naming phonetic-semantic compound characters

(from Wu & Huang, 2004, p.8)

In conclusion, for the majority d€hinese characters, the phonetic radical more or less
provides clues to their pronunciation, at the level of syllable, tone, onset and rime.

Therefore, character acquisition might involve or relate to a certain degree of
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phonologicalprocessingn the aboe linguistic levelsMoreover,how children
acquie thecomplicatel mapping between sourhdscript of characteraarrants
further investigation (Lee, 2009\ review of PA and how it relates to literacy

acquisition in Chinese will be presented next.

1.2 Phonological Awareness and its Relationship to Language
Phonological awareness (PA) in particular at the phoneme level has been found to be
an effective predictor of reading acquisition in alphabetic languages in many studies
over the past four decadétowever, it is not yet clear if this would apply to tonal
languages using a morphosyllabic orthography system, such as Chinese, where our
knowledge of the relationship between different aspects of PA and literacy in such a

nonalphabetic script is rathsketchy.

Definition of Phonological Awareness

PA comprises a collection of speech processing skills since any PA task can involve
speech input skills, e.g. auditory discrimination and/or speech output skills, e.g.

rhyme production, spoonerisms. Performeanao PA taskss also supported by an

i ndividual 6s stored | exical representati
(Stackhouse and Wells, 1997). The development of phonological represengtions
6carvedd from | arger s e gqimezadssgménts (eg.. syl |
phonemes) through linguistic and/or orthographic exposure (Goswami, 2000). As
childrends range of vocabulary grows, it
features in utterances, such as small unit sounds, by elaboletinghonolgical
representation toward finergragni ze | evel s. Therefore, the

lexical representation has been hypothesized as one of the precursors of PA.

Walley, Metsala, and Garlock (2003) proposedLibeical Restructuring kdelto
specify an indirect relationship, mediated by explicit segmentation ability, between

oral language skills and word reading development. They claimed that vocabulary
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growth stimulates the reconstruction of lexical representation and leads to gradual
refinement of phonological representations. The reconstruction is a precursor of
acquiring phonemic awareness and consequently promotes later reading development.
In turn, orthographic experiensepportshe development of explicit phonologcal

awareness.g. segmentation within a cluster.

This lexical restructuringhodé has been supported by empirical work focusing on

the role of vocabulary in PA development. For example, Carroll, Snowling, Hulme
and Stevenson (2003) investigated the relationship leet®é and vocabulary
knowledge in 67 preschool Englispeaking children (CA 3.18.9 years) and found

a high correlation between the performances on lesggment PA and receptive
vocabulary tasks. Although this evidence suggests that vocabulary knevidedg

closely related to early PA development, it is not so clear if this relationship continues

as the child gets older.

Cooper, Roth, Speece, and Schatschneider (2002) investigated whether PA
development, including blending and elision skills, througadd 2 may be predicted
by spoken language skills and background factors such as intelligence and primary
language at the preschool stage (CA&3). They found that after letter and word
knowledge were controlled, oral language skills, such as vocgbalgplained

between 3 and 42 per cent of the variance in PA across three years. However, the

predictive effect of background factors on PA was not significant.

PA is also a metalinguistic skill since it involves an ability to manipulate language

itself. This metalinguistic aspect can be acquired as long as the phonological

processing system develops. Stackhouse and Wells (1997) described how to

i nvestigate the devel opment of chil dreno:
these are an important founidet on which to base their literacy development. Their

phase model includes a Ometaphonol ogical
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subsyllable constituents, such as onset and rime, consciously. Children with

persisting speech difficulties are debed as being arrested in an earlier phase of

their phonological development. This group of children is not ready for developing

the smallsegment PA, such as phonemic awareness, as they enter primary school.
This statement is indirectly supported by a gtafithe later development of phoneme
awareness in preschool children (CA 3410 years) in which it is shown that the
performance of phoneme awareness does depend on their articulation skills (Carroll et
al., 2003). However, for schealge children, whéer speech output skills remain

crucial or correlate with PA performance might be another issue.

Given that PA has been investigated and defined by numerous studies, Anthony and
Francis (2005) argued that various PA skills can be distinguished by hoaskhe
performed and by the linguistic levels involved. Nevertheless, various PA skills were
found to converge into a unified construct in a study of 258 preschool
English-speaking childrenAnthony, Lonigan, Burgess, Driscoll, Phillips, & Cantor,
20032). Another study with 945 Englisepeaking children from kindergarten to Grade

2 which adopted a PA battery with seven distinct tasks also indicated a single latent
dimension of PA competence (Schatschneider, Francis, Foorman, Fletcher, & Mehta,
1999). Howeeer, there is still insufficient evidence on languages other than English to
know whether a unified construct of PA is linguistically universal, particularly for

tonal languages.

The Sequence of PAevelopment and itsRelationship with Literacy Skills

As with the definition of PA, there are at least two dimensions to the description of
the sequence of PA development. The first one is to describe the progress of PA
among various linguistic levels or sizes of segments, such as syllable, onset/rime and
phaneme. Some controversial findings on this issue will be addressed in more detail
later in this chapter. The other dimension relates to the nature of processing required

in PA tasks: whether it is an implicit or explicit task, that is, whether the taskegqu
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a sensitivity of perception only or a conscious awareness to manipulate among sounds
and produce the outcome correctly. Seymour, Duncan and Bolik (1999) proclaimed
the importance of distinguishing the requirement of a PA task on the irg{itit
dimension. An implicit PA task is largely based on epilinguistic processing where
recognition of a shared phonological unit is required. In contrast, an explicit task
requires metalinguistic processing to identify and produce the shared phonological

unit.

These two dimensions were included, for example, in a comprehensive phonological
awareness measure designed to investigate the development of PA in
Germanspeaking children and the predicting effect of speech and language
processing skills in early litecg acquisition in Germark(icke, et al., 2008; Schaefer

et al., 2009). These results examine and support the view that PA is-denallskill.

It was also found thdor the same PA process, such as blending, when being
measured either implicitly or ekcitly, their difficulty levels were not the same and

may lead to different results. Thus it was suggested by Schaefer and her colleagues
that the task design should be carefully controlled since it might affect the actual level

of explicitness.

Therdore, the third dimension of two major spbocesses of PA, phonological

analysis and phonological synthesis, also needs to be considered in a comprehensive

PA battery. According to Castles and Col i
subprocesses are highigter-correlated with each other in Englispeaking children.

However, only phonological analysis was found to have a unique effect on first grade

reading; and only phonological synthesis had a unique effect on second grade reading.

By reviewing manyelated studies, Ziegler and Goswami (2005) concluded that there
was a relatively fixed sequence of PA progression, at least among European languages,

from larger to smaller units; for example, syllable PA in general is acquired earlier
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than onsetime andphoneme PA. However, this sequence from larger unit PA to

small unit PA is not necessarily discrete, and the two forms of PA are independent of
each other, that is, children may acquire small unit PA before their large unit PA is
fully developed. In a stly of PA development of preschool children, Carroll et al.
(2003) found no clear distinction between syllable and rime PA; children performed
equally well on tasks at these two levels. Therefore, it is questionable whether this
sequence implies that the Rvkich is developed later, such as small unit PA, can

only develop on the foundation of PA at the large unit level acquired earlier.
Moreover, even following the same or a similar sequence, the difficulty level of PA
tasks at any linguistic level might ne¢ the same in different languages. It depends

on the property highlighted in various spoken language (Ziegler and Goswami, 2005).
An example mentioned in this review is that children who speak a language with a
simple syllable structure (such as Greedjfprm better in syllable tasks than children
who speak a language with a complicated syllable structure (such as English).
Therefore, it is necessary to study the PA developmental sequence separately in each

spoken language and then compare across laaguag

By administering common unit PA tasks, where children listen to a pair of words and
are asked to produce the shared sound, Duncan and Bolik (1999) found controversial
results on the PA development sequence for early segmothildren: children

performed better on phonemic PA than on PA tasks at the body level (onset plus
vowel) or the rime level. The result was attributed to the fact that children are

explicitly taught to notice the link between grapheme and phoneme during the early
stage of readingcquisition; therefore their attention had been explicitly drawn to this
level. They assumed literacy instruction stimulates children to develop their
metaawar eness at the phoneme | evel first,;
study (2000) they aim that further rhyming and analogy instruction is necessary for

children to develop their metawarenessfahe large unit. However, Ziegler and
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Goswami (2005) reviewed the same study (Goswami & East, 2000) but attributed the
controversial results to aegthodological issue:
fiThese unusual findings (small to large pathway) may also reflect the cognitive
demands i mposed by the novel common un
the tasks they are being given, the developmental progression (large to small

pahway) appears to be preservediegler and Goswami (2005). 6.

However, the impact of literacy instruction on the sequence of PA development has
become an issue. Also, it seems that common unit PA tasks are able to reveal the

impact of orthography expence on PA development at a later stage.

Goswami (2005) proposed that the sequence of PA development across languages is
based on how the phonological representations are reconstructed. Before schooling,
the sequence of PA development is linguisticaftwersal (from large segment to

small segment); but after school entrance, it becomes more linguistically specific and

largely dependent on the orthography systems and teaching instructions.

Regarding the sequence of development of PA in the othendiame implicitly or
explicitly manipulating sounds, it has been found that PA develops continuously from
tacit sensitivity towards explicit awareness as a cumulative result of hearing, speaking
and reading experiences (Stackhouse & Wells, 1997). Thadalish between

implicit and explicit tasks is whether in order to answer a PA item the child has to
manipulate (e.g. delete, segment,-audr transpose) the sound structure (e.g.

syllable, onset or rime) and produce the segment explicitly at the saemd-tim

example, auditory tasks are implicit PA tasks since the answer can be acquired by
detecting, pointing or repeating the option. In contrast, spoonerisms are explicit PA
tasks because transposing onsets of syllables requires advanced skill to reathipula
sound structure and produce the result. In other words, output tasks tend to be more

explicit than input ones.
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Seymour et al. (1999) claimed that explicit awareness only develops after formal
education which builds on the foundation of implicit agreess. For some researchers,
PA of various sizes of linguistic segments and its explicitness are considered
simultaneously. On the basis of their evidence, Carroll et al. (2003) stated that the
implicit sensitivityto a large segment, such as a syllables, @ r @y ct 6 of
linguistic development and interacts closely with receptive vocabulary knowledge. In
addition, this implicit sensitivity and these articulation skills are both the foundation

of the later development of explicit medvareness of phonees.

The Relationship between PAL iteracy and SpeechDifficulties

Castles and Coltheart (2004) explored the reciprocal link between PA and literacy in
depth by systematically reviewing previous studies which carefully controlled the
literacy skills angobossible third factors, such as age, IQ and language ability. In
addition to highlighting the importance of alphabetic skills in learning to read, they
proposed that orthography ability may i nf
therefore lead to hetter PA performance, which should not be attributed to genuine
improvement on PA skills. More specifically, PA in children speaking an alphabetic
language might actually reflect their awareness of the orthography at word level.
Additionally, their reviewof relevant longitudinal data indicated that phonemic
awareness is the most likely ability, compared to syllable or rime PA, to predict future

reading and spelling skills in children speaking alphabetic languages.

Muter, Hulme, Snowling and Stevens@004) conducted a-fear longitudinal study

of British school entrants (CA 4;9) in order to verify whether phonemic awareness is a
better predictor of word recognition than onrseate skills. They also sought to clarify
whether onsetime skills provide adundation for children to acquire phonemic skills
and word recognition. Although it was found that phoneme sensitivity is more

powerful in predicting word recognition at a later stage, different PA tasks adopted
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between phoneme and rime levels made theebesult arguable. It was therefore
suggested that identical stimuli and procedures should be used to assess both phoneme
and onsetime awareness. This study, however, did not find any direct causal link

between rime awareness and later phoneme awareness

Stackhouse and Wells (1997) claimed that both speech and literacy development
depend on the same foundation, i.e. the speech processing system. Whether the
system is intact or not would determine
relationship between spoken and written language skills and the accumulated
evidence of how PA links to literacy acquisition, speech and language therapists have
become more and more concerned as to whether children with speech difficulty are
more at risk of exp@encing difficulty in reading (Hesketh, 2004). However, the
heterogeneous nature of the group of children with speech difficulty and the
substantial range of individual differences in literacy acquisition in typical children
make it harder to prove a datecausal link between speech difficulty, atypical PA,

and poor literacy performance (Dodd & Gillon, 2001). Peterson, Pennington, Shriberg
and Boada (2009) carried out a longitudinal study to explore the link between speech
output disorder and literacy aggition in 120 Engliskspeaking children (CA age

7-9). It was found that children with a history of speech output difficulty had a higher
rate of reading difficulty at a later stage compared with the control group.
Additionally, persisting speech outpusdrder, i.e.peingunable to articulate

correctly after entering schools, was closely linked to phonological deficit. Literacy
skills were better predicted by preceding language skill, PA and other cognitive
measures, such as IQ and rapid automitisednggrthan PA alone. They concluded

that, compared to the core phonological deficit view of reading difficulty, the
co-morbidity view is more in line with their findings where children with speech

output difficulty did reflect their phonological deficit, éithis weakness would put

them at risk of later reading difficulty by interacting with other risk and/or protective

factors.
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To conclude, PA is thought to be an advanced and metalinguistic skill which develop
in the preschool years tacitly and might hettested formally or explicitly until

school age. In addition, PA may not be a single skill but a combination of skills in
various grain size A comprehensive PA measure, therefore, should comprise both
implicit and explicit PA tasks at various key lungtic levels of the language to be
measured. Tasks focused on phonological analysis are more sensitive for the school
entrants. PA is a multevel skill developed independently across various linguistic

|l evel s of <chil dr en 0 shasPpA bas a alosel redatiogship with . |t
other spoken language skills in alphabetic languages. Moreover, a reciprocal
relationship between PA and literacy is observed, where phonemic awareness may
predict literacy performance at a later stage, and later HArp&nce is possibly
influenced by orthography skills. Whether the reciprocal relationship between PA and
learning to read is a cre$isguistic phenomenon, particularly in Chinese acquisition,
warrants further review. Moreover, which factors best préitiicacy acquisition and

how subsequent PA skills are influenced or predicted by preceding language and/or

speech skills or orthography experience also require further clarification.

In the next section, PA development in Mandapeaking children anithe link
between PA and Chinese orthography will be introduced in depth. Studies focusing on
PA skills before and aftdormal education startsill be separately reviewed to reveal

the possible distinct features in each situation.

1.2.1 Phonological Avareness Development

PreschootageChildren

Sue, Peng and McBridéhang (2008) investigated the development of PA in 146
Mandarinspeaking children at four age levels in Beijing. These age levels included
three preschool levels (ages-331 [K1], 4;04;11[K2], and 5;05;11 [K3]) and

Grade 1 (age 6:0;6). They administered a receptive common unit task with only two
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options to measure childrenbés PA at four
tone. It was found that syllable and rime PA develofydsom K1 to K2, but that

onset phoneme and tone PA improve significantly from K3 to Grade 1. This suggests
that pinyin instruction during Grade 1 ef
tone |l evels only. The abowesiresulbhsoayée |
Ziegler and Goswami (2005) on the sequence of PA development, where large unit

PA, such as syllable, is normally acquired before schooling, but small unit PA, such

as phoneme, develops later after receiving formal educatiomeVéw, it is interesting

that tone PA, a suprasegmental level, only improves significantly after schooling.

However, apart from the syllable task, the reliability of the other three tasks is less

than 0.5 (rime: 0.49; onset: 0.28; tone: 0.37). This wabated to the receptive

design and high probability of guessing with only two options provided by the

researchers. More options were suggested by the researchers to improve the reliability

of the design. In addition, the stimuli of the PA tasks areweadls with a picture.

This means that the PA tasks do not totally eliminate the influence of lexical ability,
which might be another reason for | ow rel

was not controlled and might be a confounding factor.

Schod-ageChildren

Xu, Dong, Yang and Wang (2004) investigated the trajectory of PA development in
schoolage Mandarirspeaking children in Mainland China through both longitudinal
and crosssectional studies. In the longitudinal study, 45 Grade 1 childrea t@sted

at the beginning (T1), middle (T2) and end (T3) of their first school year. The PA
tests administered were odd one out tasks at the level of onset, rime and tone. A
phoneme deletion task was not conducted until T2. At the beginning of schooling,
accuracy scores were low (range-32%); and there was no significant difference in
onset, rime and tone tasks. However, tone PA improved significantly across the three

time points. But in contrast, onset and rime PA improved significantly only in the
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secom half of Grade 1 between T2 and T3. The phoneme task tested at T2 and T3 is
the most difficult task and performance lagged behind the other three PA tasks even
though it improved significantly from T2 to T3. The crastional part of the study
investigaed 89 children in Grade 1;114 in Grade 3 and 117 in Grade 5. The same
tasks were presented in both the cresstional and longitudinal studies. It was found
that the tone and rime PA reached their plateau (accuracy : 87 per cent) at Grade 3,
while onsetand phoneme PA continued to improve across the three time points, but
were still less than the tone and rime PA at Grade 5 in accuracy level. The researchers
argue that PA performance at tone, onset and rime levels were similar at the time of
school entrace because of the syllabbased features of Mandarin. Therefore,
subsyllabic PA does not develamtil well after the pinyin system is introduced in
formal education. More specifically, instruction in the pinyin system provides
orthography support, inatling tone marks, for children becoming aware of

subsyllabic PA symbols, and speedy development of tone PA. It is very possible that,

during the instruction, some form of phonological awareness training is included.

Although the reliability of each t&ss high, the stimuli used in the tasks are all real
words. Thus, it is impossible to eliminate the influence of lexical knowledge. In
addition, only the phoneme level in the deletion taskaveexplicit task. Therefore,

its result might not be comparaldo the implicit PA tasks, i.e., odd one out tasks, at
other linguistic levels. Unfortunately, no average age for the cohort was mentioned in
the section on the participants, and the correlation between PA and reading was not

investigated in the study.

Chan, Hu and Wa(R005) investigated phonemic awareness in 192

Mandarinrspeaking Taiwanese children in Grade 4 (aged around 9;5) in order to know
whether children speaking a syllabic language which does not follow the alphabetic
principle in its written fom would develop phonemic awareness. Sound oddity tasks

were used to me a sruneandghenenei(nadepsamcoda)®A.o n s et
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Participants were asked to select the odd one at the onset, rime or phoneme level from
three monosyllabic words. It wésund that the cohort performed better on the

onsetrime task. Approximately 92 percent of the cohort performed above chance

level on the phoneme PA task. Hu examined whether their phonemic awareness could
be attributed to their English vocabulary skibsit only a moderate correlation was

found between these two measures. Therefore, Hu argued that the development of
phonemic awareness in Mandaspeaking children might come from their

experience of learning ZF, a sesyillabic orthography system, ratitban from their

spoken language.

PA of Mandarin-speakingChildren with SpeechDifficulties

If PA is a measure of the integrity of the speech processing system underlying literacy
acquisition (Stackhouse & Wells, 1997), then children who have difficuliiden

this speech processing system may show atypical patterns of PA development. A
study of 410 preschool children aged between 5 and 6 years in Taiwan showed that
around 6.1 per cent of the cohort had speech and/or language disGtd=rg,(Chen,

Tsai Chen, & Cherng, 2009However, very few studies have focused on the PA

performance of Mandarispeaking children with speech and/or language difficulties.

One study by Yen (2005) adopted a matched pair design to compare the PA
performance before andter a teaweek ZF course of 17 typically developing

children and 17 children with phonological disorders in Grade 1 inTaoyuan, Taiwan.
It was found that the children with a phonological disorder performed less well on
syllable deletion, onset deletion amset matching tasks than the controls, both

before and after the intense ZF course. In addition, there were significant differences
in ZF dictation, spelling and reading aloudZ&tletters, wordsandones between the

two groups.
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The above results sugst that, compared to typically developing children, children
with a speech difficulty may also have difficulties with PA at both large unit (syllable)
and small unit (onset phoneme) level. It seems that for children with speech difficulty
acquiring literay skills of a semsyllabic system, such as ZF, which highlights
phonological analysis argynthesis processesght lead to a disadvantage. In

addition, poor PA skills at the beginning of schooling may influence the performance
on literacy tasks in wayshich are not limited to specific linguistic levels. For

example, in the above study, ZF dictation and marking of tones on ZF words were
poor in the atypical group even though there was no significant difference in tone PA

between the two groups.

In summary, Mandarirspeaking preschool children show varying levels of PA
development, depending on their experience with literacy, the aspect of PA measured,
and how it was measured. Some children in Mainland China might not acquire
measurable PA at onseme level until they receive formal education. Given that
Mandarin is a monosyllabic language, emergent phonemic awareness was found
among schoehge children and was attributed to the systematic ZF course at the time
of school entrance. Moreover, Mandasipeaking children with a speech difficulty
perform less well on PA tasks than their typically developing peer group. More

studies of the relationship between PA and spoken language skills in
Mandarinspeaking children are necessary in ordeet@alhow dildren acquire

literacy on the foundation of verbal competence.

1.2.2 The Importance of Phonological Awareness in Literacy

Acquisition

A few studies have focused on whether PA is important in Chinese literacy
acquisition. The link between PA and Chinétacy acquisition was investigated by
various studies. One caveat is worth noting here: the studies of PA in tonal languages

started around the 1990s when few tests with local norms had been published.
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Therefore, some of the studies in the followingeevhave this methodological

limitation.

PreschoolageChildren

In a study focusing on the effect of PA on character acquisition in 202 presg®ol
Mandarinspeaking children in Beijing, it was found that tone detection and syllable
detection were ingpbendent markers of early reading performance prior to formal
education or any instructiona phonetic system (Sue, Peng & McBrdbeang, 2008).
Researchers attributed the results to the nature of Chinese orthography: a
morphasyllabic system, in which large amount of homophones can be distinguished

only by their tone markers.

In Hong Kong, formal literacy instruction, including reading and writing characters,
starts very early. More than 60% of preschool teachers reported that they would teach
threeyearold children to read and write (Ho, Liu & Lau, 2002). Tong,

McBride-Chang, Wong, Shu, Reitsma and Rispens (2011) investigated longitudinal
predictors, including syllabic awareness, of very early Chinese literacy acquisition in
187 preschool children iHong Kong who were tested at 4;4 (T1), 5;2 (T2) and 6;1

(T3). Although syllabic awareness at T1 was found to be consistently associated with
character recognition and dictation skill at T1 and T2, this association was not found
in the last year of prescbb(T3). Moreover, this explicit PA at syllable level made

only a 1% unique contribution to explaining the variance of character recognition at
T2. This effect faded with development and was no longer significant at T3. Therefore,
the researchers argue tisgllabic awareness may not be as important a predictor as

the reading experience accumulated. In other words, syllabic awareness in Cantonese,
the most popular tonal syllabic language in Hong Kong, was limited as a predictor of
Chinese character learniafter the children had received more than two years of

literacy education in kindergarten.
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SchoolageChildren

In 1997, Huang and Hanley published the preliminary results of their study focused

on the relationship between visual skills, PA and charaet®gnition, from the first

three time points. It was found that vi s
OWechsl|l er MenwoirsyedSéic)alaeend PA had no signif
character recognition at the end of first grade when tleetadf early reading scores

was partialled out.

Taking the same cohort as the preceding study, Huang (1997) investigated
longitudinally the relationships between PA and Chinese character recognition in 31
Mandarirspeaking children living in a lower ecan@ status community in the

middle of Taiwan. Although their native language was Taiwanese, all participants
were able to speak Mandarin as well when they entered school. The cohort was
assessed five times: a) at the beginning of Grade 1; b) later, sdtewaek ZF

course; ¢) at the end of first grade; d) at the end of second grade; and e) at the
beginning of Grade 4. The average ages at each of these time points were 6;54, 6;71,
7,26, 8;26 and 9;71, respectively. Their PA was measured in Mandarin iby odd

tasks across the onset, medial or rime level for an overall score, and deletion tasks at
the onset or rime level. Two kinds of stimuli were used: real words and nonwords.
Stimuli for PA tasks all adopted the syllables whose sound structure were either
CVVC or CVV. Initial, medial and syllable ending (see fig. 1.1) are the three target
PA levels measured in this study. Tone of stimuli was controlled by keeping it as tone
1 across tasks. The charaat@ming test was designed for the purposes of thiy,stud

and comprised a range of word frequencies derived from popular publications.

Performance on all PA tasks improved substantially after thevéek ZF course and
had reached the ceiling by the end of Grade 2. There was no significant difference
betweerntasks using true or pseusdrds. Performance on character recognition

continuously increased. The biggest improvement was seen in the first two school
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years but there was a wide range of individual difference. Overall, correlations
between character nangiiskill at different time points was high (r = 060.95),
apart from the fourth time which is the end of tiégzade. However, no explanation

of this unusual result was provided by the researcher.

The relationships between PA and character recogmitéyae not consistent across the
five time points. Furthermore, regression analysis showed no significant predictive
relationship between PA and character recognition, although concurrent correlations
were significant generally (see Table 1.4). In genéelgtion PA had more

significant correlations with characteaming skills. There was a stronger correlation

between PA and character recognition after thev&8k intensive ZF course.

Table 1.4 Concurrent correlations between PA and Chinese character

recognition at five time points(based on Huang, 1997, p.280)

W Odd one out | Odd one out | Deletion
Time point (real words) | (pseudo words

1 43 46" 627

2" 60 627 37

3 25 19 AL

4 .38 33 577

5 58" .34 .38

*p<.05 *p<.01 **p<.001 # :after the ZF course

To summarize, according to this study, ofrsme PA of Mandarirspeaking children

at their school entrance is not an effective predictor of character recognition three
years later. A relatively small sgle size, limited literacy skills measured and the late
starting age were mentioned by Huang as the main constraints of this study. In
addition, only a limited range of linguistic levels of PA were taken into account. It
would provide a more comprehensiiew of the relationship between PA and

character acquisition if syllable and tone PA tasks were included. Also, the study
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measured only the relationship between PA and reading of Chinese characters, it did
not examine ZF reading. However, in spite okthémitations, as one of the earliest
pieces of research investigating the relationship between PA and literacy acquisition
in Mandarinrspeaking children, this study makes an important contribution. It presents
the impact of learning ZF on PA performaracel provides no evidence for the role of

visual skills being involved in acquiring the Chinese characters.

Ko and Lee (1996) conducted a similar longitudinal study of the relationship between
PA and character recognition among 54 school entrants (aveyagé;4) in a

southern central city in Taiwan. They repeatedly measured a range of variables related
to literacy acquisition, including ZF letter naming, Chinese character recognition, ZF
symbol synthesis, onset deletion task, receptive vocabulary an¢enoal

intelligence. The five time points of the measurement included: a) the beginning of

the first grade (CA 6;4 years) ; b) five weeks after entrance (CA 6;6 years); c) ten
weeks after entrance (CA 6;7 years); d) the end of the first grade (CA 72; yeat

e) the end of the second grade (CA 8;2 years).

It was found that onset PA measured at school entry consistently predicted character
recognition up until the end of the first grade. However, it did not predict character
recognition two years lateBy extracting the common phonological processing factor

in the three taskis ZF letter naming, ZF symbol synthesis (i.e., producing the syllable
synthesized by two or three ZF letter compounds) and onset déletimhcorrelating

it with character recagtion, it was found that, after Grade 1, the level of correlation
between the phonological processing factor and the character recognition changed. In
general, the correlation between the phonological factor and the character recognition
at the next timgpoint decreased, but the level of correlation between the character
recognition and the phonological factor at the next time point increased as time went
by. For example, the correlation between the phonological factor at“ttieée and

the character regnition at the § time was more than the correlation between the
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phonological factor at thé®&ime and the character recognition at tieite. That is,
charactemaming skill did not correlate with earlier phonological skills; but at the
sametimek nowi ng more characters might facild:i
The researchers argue that pupils in their early school years might use their

phonological processing skills for naming characters, because of the experience of ZF

learning.

He,Wang and Anderson (2005), in a study focusing on character acquisition and its
relationship to PA of scho@lge children in northern Mainland China, found that,

even in the early years of school (Grade 2), Manesperking children acquire the
strategy 6using the sound information, including syllable, onset or tone, provided by
the phonetic radical to pronounce the whole syllable. PA was measured by oddity
tasks at onset, final consonant and tone levels. In addition, competence in using the
sound cluesn various linguistic levels, such as syllable, tone, rime or onset level, is
not always significantly correlated with its corresponding PA only but is also
correlated with PA at different linguistic levels. For example, a child may be good at
using syllalic clues based on a good tone PA. The results suggest that, in contrast to
the role of PA in alphabetic languages, the overall PA across various linguistic levels
in Mandarinrspeaking children is more important than PA in any particular level in

characteacquisition.

Given the complicated language environment of spoken and written languages for
Mandarirspeaking children in Taiwan, the extent to which the development of PA in

the first years at school is influenced by its language background, both ensgpwd

written forms, warrants further investigation. Next, the question of whether PA might

be a precursor of later literacy performance in Chinese has had contradictory answers

i n previous studies. The awar enmggage of s o1
and features of their orthography system might play a role in strengthening selected

aspects of PA skills. Thus, knowledge of how Mandapaaking children acquire
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more advanced PA skills as well as their written languages would definitely expand
our understanding on the issue, particularly when no systematic and comprehensive
study has yet been conducted on the predictive power of early PA for latelewerd

reading in Chinese, and of early reading for later PA in Mandgeaking children.
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1.3 Rapid Automatized Namingin Reading Acquisition

Rapid automatized naming (RAN) is defined operationally as the speed of naming
aloud a series of familiar visual stimuli, such as digits, objects, colours, Zuyin Fuhao
letters or Chinese characters, which eandomly and repeatedly presented. It is
considered to be a measure of underlying cognitive skills that are also important for
reading performance. As RAN tasks are relatively easy to administer they are often
used in empirical studies of reading deyeh@nt; the belief being that performance

on RAN tasks can differentiate between typical and at risk populdiiéoi§ Bowers

& Biddle, 2000).

Graphologicabnd norgraphologicaRAN has been found to be a significant

correlate of reading in nearly alinguages studied so far. For instance, Tzeng, Chiu
and Lin (2003) collected normative data for RAN from children in Taiwan, from
preschool to Grade 3. They found better performance on RAN tasks correlated with
better performance on the following litera@gks: character recognition, reading
comprehension and school literacy exams. Digit RAN had the highest correlation with

all literacy measures.

RAN tasks were also found to be significant logitudinal predictor of reading
acquisition: RAN measured earlyeglicts later literacy achievement (Georgiou,

Parrila & Kirby, 2006; Ho, Chan, Tsang & Lee, 2002; Tzeng, 2004). More
specifically,graphologicaRAN was found to be a stronger predictor of reading
performance than negraphologicaRAN, such as colours abjects, after a year of
formal literacy education (Wolf, 1991). Those relationships are particularly strong for
reading speed/fluency, but weaker for reading accuracy (Liao, Georgiou & Parrila,

2008).
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Although both PA and RAN were found to be good prexgcof reading performance,
PA and RAN seem to explain different, nowerlapping parts of reading variance

(e.g., Cutting and Denckla, 2001). The relative importance of RAN and PA as
predictors of reading might vary, depending not only on the aspesadig being
measured, such as reading accuracy or reading fluency, but also on language (e.g.,
stronger in more consistent alphabetic languages) and phase of acquisition (e.g.,
preschool or after formal education). For examBI&N as a predictorfaeadng in a
transparent orthography, i.e., Turkish, has been explored in Grade 2 and Grade 4
children(average agef;9 and9;8). In the study, a composite BAN digitsandRAN
letters was found to be a more powerful predictor of word reading fluency tham PA o

vocabularyBabayi jit & Stainthorp, 2011)

Unlike the graphemphoneme link between phonological awareness and reading, the
relationships between sloRAN and reading acquisition are still not fully understood
(Bowers & NewbyClark, 2002). The relationships may h&ihutedto a variety of

linguistic and cognitive processes involved in compleRAN tasks, such as

attention, visual processing, integrating visual features with orthographic knowledge,
accessing related phonological representations, accessing fepiegentations, and
speech motor programming (Cutting & Denckla, 200l¢. hypothesis that processes
involved inRAN are also required for reading can be tested by comparing

performance on RAN and reading tasW&o(f, Bowers & Biddle, 200

Different mmpeting theoreticahodelsaccouning for the relationship between RAN
and reading have been advanced over the yeach of them puts a particular

emphasis on one of the processes listed above. For exaiggeerandTorgesen
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(1987) considereBRAN to be phonological retrieval from loAgrm memoryand

indexof underlying phonological process), while CuttengdDenckla, (2001)

thought it to be a measure of general speed of information processing. Further, studies

of participants with dyslexia suggest RAs a measure of effective integration of
information across modalities (e.g.,Wolf & Bowers, 1999) and more recently, in
studies of slow RAN performers, RAN was an index of difficulty in discriminating

simple visual features (e.@tainthorp, Powell, Sart, Quinlan, & Garwood, 20)0

The role ofRAN in recodingwritten symbols into a sourdthsed represenational
systemwasfirst investigated byVagner and Torgesen (198RAN subtests are
included in the O6Compr ehen s(Wageer, Toegesen, o f
& Rashotte, 1999with phonological awareness and (auditory) working memory as
three measures requiring intact underlying phonological processing within the
phonological core deficit framework (Wagner, Torgesen, & Rashotte,1999). However,
whether slow RAN should be attributed to a core deficit in phonological progess
nonphonological processing, such as orthography processing, has been subject to

debate.

Cutting and Denckla (2001) considered whether b&ted implied wellformed
orthographic representatism typically developing children (fo-9-year old) or

whether both are correlated but distinct markers of reading skills. They used path
analysis to test a model of hd®AN and variables, such as orthography legality
judgementphonological awareness, memory span, processing speed and articulation
rate, contribute to early woneading skills. They founRAN, orthographic

knowledge and phonological awareness were the only three measures that had a

significant direct effect on wongkading. Further analysis showed tR&N did not
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contribute to orthographic knowledge after processing speed was controlled. That is,
processing speed might be a factor common to R&iN and orthographic
knowledge. Moreover, the researchers indicatatigslowRAN and poor orthographic

knowledge might be derived from the same source.

Savage and Frederickson (2006) focused on clarifying whatRAN deficit

demonstrates a processing deficit specifically in a linguistic domain or in a more
general domaiin schootage children (average age 10;7), by examing evidence from
patterns of handedness and working memory ability. Their results suggest that
automaticiy observed irgraphologicaRAN tasks i. e. automatically rapid

processing of activation and retral of orthographic representatigmeveals a

specific effect iRAN rather than a genal effect. They also investigated the effect of
digit RAN to see whether poor readers and spellers (performing more thanl standard
deviation belowthe population mea on a reading accuracy tediffered from

average readers and spellers on this task. They found that poor readers and spellers
performed worse than the average groups on a digit naming task, but not on an object
naming task. This evidence implies thasithe cognitive processes that underlie
graphologicaRAN that are specifically related to the automaticity of visual

processing of script features. However, whether slow RAN is linked to poorer

judgement of visual similarity/ difference or werdadingability is still questionable.

Recent models of reading disability include RAN as a useful measure of possible
reading dysfunction which is separable from phonological processing dBtaie(s

& Newby-Clark, 2002;Savage & Frederickson, 2008tainthorp Powell, Stuart,
Quinlan, &Garwood, 20L0Volf & Bowers, 1999). Tts doubledeficit hypothesis

emphasizes that RAN has a unique role in demonstrating specific aspects of reading
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difficulty, such as reading fluency or the attention level required in reading

According to this hypothesis, a separate group of children whose PA is intact but who
have poor RAN might have difficulty in reading. Thus, those children who have
deficitsin both PA and RAN would encounter the most difficulty in literacy
acquisition.Powell, Stainthorp, Stuart, Garwood, and Quinlan (2009) carried out a large
scale study of 1010 Englisspeaking children agedI0 toexaminethe doubledeficit
hypothesis and discoverhether other processes apart from phonological processing
would driveRAN performance and its link to reading. The results showed a
dissociation between RAN and PA, reflecting two at least partly independent
phonological processes. Further comparisons between the slow RAN group and the
control groupn the study showed thaifter accounting for speed of processing and
simple reaction time, RAN was still a significant predictor of reading. The results
suggest that there are still unknown cognitive processes underlying RAN, in addition
to generalized processing speed, whicghhaccount for the relationship between

RAN and readingAside from those related to phonology, a group of nonphonological
processes, such as visual information processing, lexical accessing and articulating a

spoken response, were speculated and plailonedestigate further.

More recently, Stainthorp, Powell, Stuart, Quinlan, and Garwood (2010) investigated
directly the visual processing deficits in schagke children (age rangel® years) who
performed slowly omgraphologicaRAN tasks. A series @xperiments investigated
whether the processing speed deficit in children performing isSI®®AN is specific to
visual feature discrimination. The results not only indicated that the deficit of visual
feature discrimination shown in RAN tasks might contrébto a reading difficulty, but
also that the slow visual processing affected liestmund correspondences developments

in the early stage of literacy acquisition. The researchers argued that orthographic
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processingsuch as visual discrimination, and RAMNght share a common variance in
predicting word reading. It was therefore thought to be possible that deficits in
forming orthographic representations of words, such as learning to identify and

discriminate letters, might be derived from difficultiesegrly visual discrimination.

RAN and Reading in Chinese
Following the review of studies investigating the Sitiewteen RAN and reading
skills in Englishspeaking populations, the role of RANIiteracy acquisition of

Chinese orthography in Mandaispeaking children will now bexddressed

In a longitudinal study of Chinese character acquisition by Cheung, MeBhdag

& Chow (2005), four factors significantly predicted literacy outcome: phonological
awareness, RAN, visual skills, and morphologicalramwess. In addition, deficits in
phonological awareness and RAN are often found in Chinese children with

developmental dyslexia

Tzeng, Chiu and Lin (2003) used a RAN test battery to investigate the development of
RAN from preschool to Grade 3 childréiam Taiwan. This battery included a range

of stimuli such as colour, digit, Zuyin Fuhao letter, object, cetdyect mixture and
colourdigit-Zuyin Fuhao letteobject mixture Four hundred and eighty children
(average age 5:8;5) across four regions @hiwan were recruited. Significant

differences were found between the speeds/efkinds of stimulibetween Grade 1

and Grade 2 children, i.e. digiuyin Fuhao letter, objectolourand

colourdigit-Zuyin Fuhao lettepbject mixture rapid nhaminglowever, between

Grade 2 and Grade 3, only digit RAMdsignificant difference. fie speed levels

across 4 age groups (average age 5;5, 6;5, 7;5 & 8;5) were consistent in the following
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sequence: digit (fastest), Zuyin Fuhao lefskipped in the preschool@rp), object

and colour. The result was attributed to the different amount of exposure to the above
stimuli and the complexity of processing. Furthermore, only the speed of digit RAN
increased significantly across different age groups until Grade 3 @)gev8ile the

Zuyin Fuhao letter, object and colour RAN appeared to plateau earlier, at Grade 2
(age 75). A gender effect was only found at the preschool stage (&genhen girls
outperformed boys in the subtasks of digit, colour, object and eolgect mixture.

It was suggested by the researchers that this RAN battery should be updated by using

a computer program so that more accurate measurement is possible.

Tzeng, Chien, Chang, Chow and Lian (2005) investigated RAN in digit, object and

colour fa 79 preschool children (average ageé) @&t a city in souteastern Taiwan.

They followed the same cohort until Grade 4 (average a@@ itOorder to examine

the predictive effect of RAN for pupil sd
and readingomprehension. It was found that individual differences on RAN in all

three types (digit, colour and object) were highly stable over time for

Mandarinspeaking children. In particular, digit RAN measured at the preschool stage

was not only a good predictof character recognition at Grades 2, 3 and 4, but also a

good predictor of reading comprehension at Grades 3 and 4. The results were in line
with the study of a tr aandSantham(2011dpwherdr o gr a |
RAN wasa good predictor afeading fluencyand positively linked to later reading

comprehension.

McBride-Chang, F. Lam, C. Lam, Doo, Wong and Chow (2008) investigated
preschool children (average age Sth a high risk for dyslexia due to either

language delay (language delaygdup) or a family history of dyslexi{@&milial risk
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group) The childrends cognitive profiles
compared to chronological age and IQ control groups. The tasks from four cognitive
domains, such as phonological awarenBgsN, visual skills and morphological
awareness, wetiavestigaed in the study. Digit RAN was the only RAN task
conducted.The language delay group performed significantly lessharlboth the
control group and the family history groop all measuresncluding digit RAN. The
family history group performed worse only on tone awareness and morphological
awareness. Digit RAN accounted for no significant variance of concurrent word
recognition.The results of the study, combined with previous studiesrsitvet the
RAN of digits in preschool children accounted for somevariance of laienot
concurrentcharacter word recognition (e.g. Tzeng et. al., 2005), revéaded
developmentatelationship between RAN and Chinese word recognifite.
evidencehat digit RAN lacksa concurrent predicting effect on word recognition

might imply thatrecognizingChinese characters requires highemel processing

such as accessing orthographic knowledge or lexical representation, than digit

processindWolf, 1991).

Hsieh and Tzeng (2004) compared the RAN performance of children with
developmental dyslexia with both chronological age and reading age matched control
groups. Each group comprised 31 children aged from 9 to 12 years who all lived in a
southern county iaiwan. The study also investigated the extent to which RAN
related to character word recognition and reading comprehension. Statistically
significant differences were found between the developmental dyslexia and
chronological age groups for all RAN suska, including digit, Zuyin Fuhao letter,
colour, object, digZzuyin Fuhao letter mixture, colowbject mixture and

colourdigit-Zuyin Fuhao lettepbject mixture. Statistically significant differences
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were also found between developmental dyslexia @adimg age groups in the

following three subtasks: Zuyin Fuhao letter, colour and cebtject mixture.

Moreover, on all the subtasks involving digit or Zuyin letters (digit, Zuyin Fuhao

letter, digitZuyin Fuhao letter mixture and coledigit-Zuyin Fuha letterobject

mixture), the chronological age matched controls performed better than the reading
age matched controls. The researchers attributed this to the amount of practice
because the chronological age group comprised older children than the eegeling
group and so they had had more exposure to Zuyin letters or digits at school. Another
possible explanation of the results mentioned above is that the common underlying
deficit of orthographic present in the developmental dyslexia group might lead to

poorer performance on both RAN and reading (Cuttingeiackla, 2001).

Additionally, in the above study, for the developmental dyslexia group, it was found
that performance on most RAN subtasks;ept object RAN, had moderate

correl at i on shanadtet racognition, bul moewithtieeir reading
comprehension. Similar patternswere observed in the chronological age and the
reading age groups. For the chronological age group, the object and digit RAN had
significant correlations with character recd@m, where the digit RAN accounted for

up to 21 per cent of the variance. The researchers argue that RAN deficit might be a
common featuref children with developmental dyslexia and that it is more closely
related to their character recognition abilitgin their reading comprehension. In

other words, RAN was consistently found to be assocrat@with character

reading accuracy than character reading fluency in the study. This appears
inconsistent with previous studies of children using alphabetiognrdiphy(e.g.
Babayijit & Stainthorp, 2011). A possibl
might be attributed to the generally opaque mapping of Chinese characters: the shared
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feature of fast visuaterbal pairing in both RAN and character wordogaition.This
common process between RAN and reading accuracy could not be found for those
orthographic systems that require decoding for accessing phonological representation

of stimuli.

More recently, the relationship between RAN and character rebhdsbgeen
investigated further. Liao, Georgiou and Parrila (2008) used four RAN tasks (colours,
digits, ZF, characters) tanalyse each of thetoncurrent contributions to reading
performancei.e. character recognition and word fluency saskGrade 2 ad Grade

4 children (average age: 8 and 10, respectively) in TailRAMN was associated with
both accuracy and fluenday character readindhe relationship was higher Grade 4
children than irGrade 2children Moreover, three graphological naming meas

(digit, Zhuyin andcharacter&® AN) accounted for the unique and common variance of
reading fluency and accurgayhichindicates that RAN invohing graphological

stimuli may predict concurrent reading better than the RAN tasks with
nongraphologicaktimuli. The researcheattributed the link between RAN and
reading accuracy to the automaticity of lexical access in character reading which
might be importatin Chinese reading fluencyhey also suggested more
crosslinguistic studies to understand wlhiye roleof RAN varies as a function of the
writing system. In other wogjwhether there is any difference in the predictive power

of RAN for reading characters as opposed to reading ZF wowlebtik exploring.

To conclude, studies reviewed in thists@mt suggest RAN is a relatively stable
measure predicting literacy performance across various orthography systems, with
some advantages, such as being easy and quick to condpict.rRming measures

reflect the level ohutomaticityof alphanumeric or gphological stimuli processing
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across visualerbal modalities. The fact that performing RAN tasks requires the
integration of a range of cognitive processes which are also important for reading
(such as recognizing words or identifying symbols, acceggingological

information, speech motor programming, and attention) makes the link between RAN
and reading even more complicated, not mentioning the changing nature of the link
over time. Thus, more studies are needed of different orthographic systerssinfpcu

on the underlying cognitive processing of RAN and investigating its link to the
development of orthographic knowledge and its developmental role in literacy
acquisition. More specifically, whether RAN, or any of its components, is an
important preditor of both reading accuracy and comprehension, is still not clear.
Moreover, whether its predictive effect is equally found in Zuyin Fuhao and character
literacy, or whether it may predict the acquisition of orthographic knowledge, all

warrants further imestigation.

1.4 Spoken Language Skills in Reading Acquisition

A robust finding in the I|Iiterature is th:
acquired on the foundation of their oral language ability, whatever language(s) they
speak. For exmple, Puolakanaho, Ahonen, Aro, Eklund, Leppéanen, Poikkeus,
Tolvanen, TorppandLyytinen 2008 found a highly stable link between very early
phonological and language skills and reading outcome at Grade 2 in Fspeisking
children. Using structuralggiation modeling they demonstrated that the link between
early phonological and language processing and later reading accuracy was stronger
than that with reading fluency. Early phonological and language processing was
assessed by a battery of key pregtietneasures, including PA, RAN, shtgtm

memory, expressive vocabulary and psewdod repetition. Apart from RAN, the
measuresommonly shared great variance with the early phonological and language
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processingin which PAwasthe strongest contributorhis section will explore
further what oral language skills, apart from PA, are related to reading outcome and

how they are related.

Thedevelopmental linkbetween spoken language skills, such as oral comprehension
and vocabulary, and reading comprehengias been shown in previous studies by
NationandSnowling(2004), Reynolds and Turek (2012), aRacketts, Natiorand
Bishop(2007). In addition to reading comprehension, the role of oral language skills
in single word recognition has also been inved@d. Nation and Snowling (2004)
investigated the role ofral language skills in developing word recognition in
typically developing childrebetween the ages of 8.5 to 13 ye#émshis study,
broaderanguage skillbeyond phonological skillsuch asistening comprehension,
vocabulary and semantic skills, accounted for unique variance of word recognition,
both concurrently and four years later, even after the powerful effects of decoding
ability and phonological skills were controlled. Further compassshowed that
general language skills, represented by listening comprehension and vocabulary,
contributed more to word recognition than knowledge of specific semantic features
tapped by semantic fluency tasks. In addition, vocabulary was found toteelate

reading of exceptional words (with inconsistent orthographienological mapping).

Ricketts, Nation, and Bishop (2007) interpreted the above results as consistent with
the prediction from the duabute framework which highlights the interactive but
distinctive phonological and semantic pathways to word recognition. They then
investigated further the role of vocabulary as a predictor of reading comprehension,
decoding and word recognition skills. The results showed that the link between

vocabulary andvord-level recognition was significant only wittregularwords,
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excluding norwords or regular words. The study also supported the view that the role
of underlying vocabulary knowledge was t

comprehension and exgtional words.

The reciprocal relationships between spoken language skills and reading outcome has
also been explored. To analyze further the relationship between language skills and
learning to read, Nation and Snovgi(R007) investigated vocabulargquisitionin8-

to 9-yearold Endish-speaking children who had poor comprehension but intact
phonological skills. They trained all participants to acquire four psewtds, and
monitored childrends | earning oofhamesmes i I
and word recognition. Vocabulary acquisition was found to correlate with
nonphonological aspects of language skills and reading comprehension, and not with
word-level decoding or phonological skills. Furthermore, the ability to learn and
remembephonological and semantic information of new vocabulary items in poor
comprehenders and in the control group was compared. Although poor comprehenders
were found to take a similar number of trials to the control group to learn

phonological forms of new wds, their knowledge of the meaning of the new

vocabulary appeared weaker and they had difficulty in recalling the names. Given that
weakness with the ngohonological aspects of language skills is not obvious, the

study raised concern about the educatidifficulties across school years for those

poor comprehenders.

Previous studies dhe link between spoken language asadingin Chinesehave
focused more on the mediatieffectof PA and its development (e.§&heung, Chen,
Lai, Wong & Hills, 2001) Very little is known about the role of spoken language

skills in Chinese reading comprehensiandthe reciprocal links betwedhem The
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consensus appears to be thaimilar processccursin reading Chinese as in other

languagesNicBride-Chang Lin, Fong &Shu, 2010)

To conclude, given the wide range of oral language skills, the role of spoken language
skills in reading acquisition is various and complicated according to which aspects of
reading skills are concerned. For example, the relationgtvpelen vocabulary and
reading accuracy is potentially different from timk between vocabulary and reading
comprehension. Furthermore, skerelationshipsould be different according to

whether they mostly concern phonological skills or-pbonologicalanguage skills.

Thus, although it is difficult to dismiss the possibility that various oral language skills
might be linked to Chinese reading acquisition, how phonological and/or lexical
aspects of oral language skills relate to specific reading outcmnséll less clear and

warrants more investigation.

1.5Toward a Model of Reading Development in Taiwan

Thedirectionof earlyreading developmeig from learning to read toward reading to
learn.The understanding ofolv children acquire the skills aiecoding the written

form of their language(s) arapplythemto encode the lexical messageaatritten
scriptfor reading comprehensiasessential, and will provide a contextual and global

knowledge basis for exploring early literacy development

According to the metanalysis research by Gough, Hoover, and Peterson (1996),
reading was significantly correlated with both decoding skills and language
comprehension. Moreover, the correlations between decoding and reading tended to
decline with grade leal, and the correlations between comprehension and reading
tended to increase with grade level. By presenting the view, rather than a model, in the

63



form of a cross (see Figure 1.9)eSimple View of Reading intended to indicate the
two independent diensions of becoming a skilled reader: word recognition and
language comprehension (Ca#igof, & Weismer, 2006Gough, et. al., 1996; Stuart,

Stainthorp &Snowling, 2008).

Language
Comprehension
Processes

Q
o
=
(=%

Word l ’ . Word
Recognition ¢ Poor Good \, Recognition
Processes ‘ I  Processes
m
o
=
=

/

Language
Comprehension
Processes

Figure 1.9 The Simple View of Reading

(Based on Stuart, Stainthorp,Sowling, 2008, p. 62)

The comprehension skills elaborated in $ueple View of Readingclude not only
oral language competence, such as vocabulary and syntactic and semantic structures,
but also the relevant realorld knowledge for developing readiegmprehension

(Gough et al., 1996; Stuart et al., 2008).

Moreover, as reviewed in section 1.4, oral language competence may also relate to
word recognition at the very beginning of reading development. @alitsf, and

Weismer (2006) investigated thenlguage deficit in both poor comprehenders and
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poor decoders in secondary schools. They then retrospectively traced their
performance on reading achievement (reading comprehension and word recognition)
and language (language comprehension and phonolpgadssing) in their early
school years. They found the distinction between poor comprehenders and poor
decoders is in line with predictions derived from Swaple View of Readin@a) poor
comprehenders might have similar decoding skills as the typicapdut worse

general language comprehension; (b) although poor decoders had better discourse
comprehension skills than the typical group and compensated for their limited
decoding skills, their vocabulary and grammatical understandinghe&tdack

compared to typical readers. Thus, deficit in language in early school years seems to
have a negative association with and/or impact on both reading comprehension and

word recognition.

There are various developmental models focusing on sight word recognition
alphabetic orthographic systems. The underlying changes frenegueng to fluent

reading were described by successive phases. These models highlighted the use of a
decoding strategy for beginning readers and the influence of phonological awareness
onreading fluency and comprehension (e.g. Ehri, 2005; Nation and Snowling, 2004).
Ehri proposed four phases in the development of word reading skilalgrabetic,

partial alphabetic, full alphabetic, and consolidated alphabetic (Ehri, 2005; Stuart et
al., 2008). However, the theories focusing on the connection between sound and letter
strings are unlikely to apply in the same way to the development ofneading

skills in noralphabetic orthographies, such as Chinese characters.

The only theoreticalrhmework for reading development taking various orthographies

into account was proposed by Seymour (2006). This model, which integrates stage
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models, decoding models and connectionist approaches, assumes that literacy
acquisition involves a developmentataraction between linguistic awareness
systems and orthographic systems. The model comprises three phases: foundation,
orthographic, and morphographic. Both the alphabetic process (decoding skills) and
logographic process (sight word recognition) are aedun the foundation phase.
Seymour particularly refers this function to the Oriental orthographies with more
arbitrary scriptsound mappings (Seymour, 2006). Twe diverseorthography
systemgaught in the first school year in Taiwan (see sectiorB)lskem to be in line
with both of the key skills acquired in the foundation phase. However, the impact
and/or outcome of literacy instruction underlying two diverse processes on early

reading development are still unclear, and warrant further investigatio

To conclude, a model of early reading development which takesccount the
Chinese language/script, and the education context in Taiwan is nheeded. In order to
present the developiimk between orthographic forms of words and their
pronunciation/reaning, the model would include the two sets of processes of early
literacy acquisition: (a) phonically based decoding processes; b) sight word
recognition (Stuart et al., 2008)céording to previous studi¢seesectionsl.2.1 and
1.3), these two process are closely associated with phonological awareness and/or
rapid naming in either alphabetic or ralphabetic orthographic systempaa from

the contextual and semantic information derived from oral language Ski#sefore,

it is plausible to inveagyate early reading development in Mandapeaking children

in their specific linguistic and orthography context, with three key components,

namely phonological awareness, rapid naming and spoken language skills.
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1.6 Research Topics

The present studipcuses on the critical transitional period of learning to read two
diverse orthographies during the first school year in Mandgor@aking children and
aims to fill in some of the gaps reported in this literature reviesystiematically
investigateshetrajectory of literacy acquisition and the different effects of instruction
in ZF and CH in addition to how literacy acquisition links to the development of its

critical cognitive factors, such as PA and RAN, and spoken language skills.

Thus, five reseah topics andheir subordinate research questions are listed as
follows:
1. Development of Phonological Awareness and How it Relates to Speech and
Language Measures

la. What is the development of PA in the first school year?

1b. How does PA relate tpsken language skills at this stage?

2. Development of Literacy and RapiditomatizedNaming
2a. How do literacy and rapid naming skills develop in the two orthography
systems?
2b. How does the development of literacy skills depend on the writing system

usal?

3. The Predictors of PA and Literacy Acquisition
3a. How are literacy skills in Grade 1 and 2 predicted by measures of PA, RAN
and spoken language?
3b. How is PA in Grade 1 and 2 predicted by measures of spoken language,

literacy skills and RAN?

4. Differences in Literacy, PA, RAN and Spoken Language between Typically and
Atypically Developing Children in speech output skills
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4a. Do children with atypical speech or reading development at'iprade
continue to perform less well on PA and/oeldcy a year later?

4b. Does that depend on the writing systend@se

5. Differences in Literacy, PA, RAN and Spoken Language between Typically and
Atypically Developing Children in reading
5a.Canatypical literacy performance at th&' grade be traceldack toa poor
performance on spoken langesskills, PA, RAN and/or literacy at school
entrance?
5b. Dothose differences between children with typically and atypically

developing reading skilldepend on the writing system of the tasks?

The resultselating tothe five major topics will be presented in the four later chapters
of research results in sequence. Theth andfifth topics will be combined in a
singlechapter due to the similarity in their methodolo@lie next chapter will first

present te methodology adopted in the study.
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Chapter 2 Methodology

2.1 ResearctDesign

A oneyear longitudinal design was adopted; data collections were conducted from
September to November in 2009 and 2010. In the first year of the study, the children
werein Grade 1 at school; and in the second year of the study, they were in grade 2.
Similar data were collected twice, at the beginning of Grades 1 and 2, in order to
investigate how literacy, PA and naming skills develop during the first year of learning
toread and write. The overview of the design is shown in Figure 2.1. The detailed
timetable of when each measure was conducted will be introduced later, in the

procedure section.

Year 1 Year 2
(Grade 1) (Grade 2)
» ; - Mean age 7;7
Y1-pr Mean age 6; Y1-po g
2009 |:> 2009 E> 2010
September November Sep-- Nov

Intense ZF course (10 weeks

Figure 2.1 Overview of study time frame

* Y1-pr: Year 1beforeZF course

** Y1 -po: Year lafterZF course

Thefollowing baseline competences were investigated during the first ten weeks of
schoolingin year 1(average ag6 years and 7 monthBA, speech and language,
literacyskills, RAN, and no-verbal intelligenceThese competences were followed

upin year 2(average age 7;/@¢xceptor theZF accuracy task.
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The ZF accuracy taskascarried outwicein Year 1, at the beginning and the end of
the teaweekintensiveZF course (Y3ipr and Y1po), in order totrace the
development oZF decoding skilin this short period of intensive teaching. It was

conducted agaim Year?2.

Ethical approval for the study was granted separébelyear landYear 2by the
Departmental Ethics Committee oktbepartment of Human Communication

Sciences, University of Sheffie(deeAppendix2:1).

2.2 Participants

All participants were recruited froomeelementaryschool in Taipei, Taiwan (S).
Originally another schodqW) was randomly chosen, buthad fever Gradel pupils
than expected. There were sifiye classesvith 1731 pupils in total in the S
elementaryschool. In Taipeithe capital of Taiwan, sixteen peent of public
elementary schools are very large. they havenore than 1200 pupif®epatment

of Statistics of Ministry of Educatiorin Taiwan, 2010)

By conducting a power calculation, the target numbgaoticipantamust be over 74

to have a sulfficiehy large sampldor theimplicit PAtasks. The researchers invited

five out of tenGradel teachersvho were in charge of a class with-28 pupils each

to take part in thisongitudinal study. With the help of the Grade 1 head teacher, an
instruction meeting for the researcher to explain the study to all the teachers involved

was held bajre year 1 started. Then the five teachers introduced the researcher to all
parents of their pupils on a parentsodo vi s
presentation of the study to parents and therefore recruited enough participants at the
beginning ofschooling.Subsequentlythe five teachera/ere asked to distribute the

information and consent letterstteeir pupil® par ent s.

Ninety seven pupils (nearly 80%) in the five classes were able to participate in this
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study with t heniYearlpkh of henparscipants and seacimets were
informedin Year1 that there would be a followp in thenextschoolyear. Tle
follow-up was carried owroundone yeatater, duringSeptember, October and
November201Q All the parents othe previougarticipantswereinvitedto agree to
their childtaking partin this studyagain.Ninety-two of them remained in the cohort

one year later, in Year 2 (shown in Table 2.1).

Table 2.1 Parental consent ratén Year 1 and Year 2

Year Class Total

A B C D E

Year 1 No. of students 24 25 22 26 26 123
Consent obtained 22 18 15 22 20 97
Percentage (%) 92 72 68 8 77 79

Year 2 Consent obtained 20 17 15 20 20 92

Percentage (%) of Year 1 coho 91 94 100 91 100 95

Regarding consent to audiecordingand/or the playing of audio recordings in public,
in Yearl, two parents agreed for their children to take part in the study, but did not
agree to their children being audiecordedOne of thewo children wadater
identifiedby the researcheshaving aspeech difficultyAt the second year, parents

of five children refused to let their child be audezorded. Another two parents
consented to thaudiorecording of their childreonly if these recordings would not

be played in public

T he O Gmilylinfbrinationand development g u e s t(seecApperalix 2:2)
was given to parents who agreedheir child takng part in this projecin Yearl. The
outline of the questionnaire includes:

date of birth
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A

parentsdé nationality

parentsodé education

fami |l yés gener al i ncome per month
family language

special concerns regarding the chil
whether the child has received speech and language intervention before

schooling

Two parents howeverdid not return the questionnaire afteo remindersThe
findings from thisquestionnairand othedemographic dateeported in the

questionnairavill be presented in detail hete contextualise the participants in the

study.

Firstly, the range of agdn this group wagrom 6;0to 7;0 with almost equal number

of boys (48) and girls (49)n Taiwan, childrerare enrolled at school after their 6th
birthday so lhe average age of all participants waswith 3.42 (month) stadard
deviation. No significant interaction between these two variables (sex and age) was

found.

Socioeconomicatus (SES)

The dstribution ofincome in the study sample is summarizedahble2.2. It diverged
somewhat from the income distribution iretheneral Taiwan population, with poorer
families being underepresented. This divergence was statistically significi(8) =
9.10, p <.05This result was not surprising since the cohort was recruited from the

capital of Taiwan where the socioeconomic status is above the national average.
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Table2.2P ar t i c iamilginconseder monthcompared to familiesin Taiwan

Family income per Families inthe study Families in Taiwan
month 2009 200809 **

No. Percentage(%) Cumulative No. Percentage Cumulative

percenage (%) percenage

below NT*50,000 11 11.6 11.6 1719196 22.8 22.8
NT50,000to 50 52.6 64.2 3022362 40.1 62.9
NT100.000
NT100,000t0 28 29.5 93.7 2355207 31.2 94.1
NT200.000
above NT200,000 6 6.3 100.0 447864 5.9 100.0
777(missing data) 2
Total 97 100.0 7544629 100.0

*NT= Unit of Taiwanese Dollar

** Source: DirectorateGeneral of Budget, Accoting and Statistics, Executive Yuan, 2009

Parental Education
Theelucati onal | ev el isgiven ipTable?.3 belowpMore thand
eightypercent ofparents held a degree; the figures were similar for mothers and

fathers.

Table 2.3 Edwcational level of parents

Level of education Mother Father
Number % Number %
Masters or PhD 8 8.5 17 18.3
University 33 35.1 31 33.3
College* 35 37.2 29 31.2
Secondary school 18 19.1 16 17.2
Not specified or missing data 3 4

* University: Fouryear academic study aftsecondary school

** College: Two or fouryear technically oriented trainirdggree after secondary school
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ParentsONationality
Up to ninety pecent ofparents were Taiwanes@nly five mothers and one father
were immigrants fronother Asian countrie§.he nationalityo f par t i ciispant s o

given in Table2.4 below.

Table 2.4 Nationality of parents

Nationality Mother Father
Number % Number %
Taiwan 89 94.7 93 98.9
Mainland China 4 4.2 0 0
Vietnam 0 0 1 1.1
Burma 1 1.1 0 0
Not specified or missing data 3 3

Languages Spoken at Home

Aroundsixty percent of children were grawg up in a bilinguakenvironmentnamely
Mandarin and Taiwanesk nearlyseventy per cerdf the families, Mandarin was
used more than threguartersof the time. It was a dominant language in the
community whereghe data wereollected. Thenextmostpopular language was
Taiwanese. Nearly ten peent of childen had learnt three languages. Table 2.5

presents information on languages spokerhbycbhort.

Table 2.5 Overview of languages used at home

Languages used in family Number  Percentagé)
Mandarin: 100% 27 27.8
Mandarin: 75% , Taiwanese: 25% 38 39.2
Mandarin: 50%, Taiwanese: 50% 18 18.6
Mandarin: 50%, Taiwanese: 50% 3 3.1
Mandain: 50% , 8 8.2

Taiwanese and Others: 50%
Mandarin: 50% Taiwanese: 50% 1 1
Missing 2 2.4
Total 97

* +/-: equal omore / less
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In order to clarify whether the above familial factarsindependentfoeach othera

chi-square test was coadted. It was found that SEfependedoh at her 6s and
mo t hlevel 6feducation(father:c? (9) =18.7, p<.05; mothei? (9) =31.1, p<.001).
Moreoverfat h er 0 s allevelwasalsootandependentohot her 6saleduc a
level, & (9) = 60.5, p<.001However, tirther analysis found th&nguagesised in
familieswerecompletely independenf S ES and p aaflevel.fTlss6 e duc a't
resultindicates indirectljhow common its for children in Taiwan to liven a

multilingual environment

Lastly, aproportionof parents reported conceraisd treatment in thguestionnaire
about their childos | ow s.Regardifigthisnt el | i gi |
atypically developing group of children, further details will be presented altogether in

the Chapter Six.

2.3Measures

Where available and appropriate, the measures used in the study were published tests.
There were six of these in the study. Another case is the sel®lexams which

were designed by teachers and used only in the S primary school. The tess thir
measurements were designed by the researcher and developed their procedures. These
are indicated as O6experimentalé in the |

categorized into five grougss follows

1. Nonverbalintelligence:

0Test of Nonver baBrowhetaleldd6). genced ( TON

2. Speech and language measures:
Picturenaming(Experimental)

Peabody Picture Vocabulary Test (PB\Dunn et al., 1981)
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Auditory memory(Lin & Chi, 2002)
Semantidluency(Experimental)

Pseudeword memoryspan(Experimental)

3. Phonological Awareneg®A) (Experimental)
Implicit PA (ImPA): syllable, phoneme, onset, rime and tone

Explicit PA (ExPA): syllable, phoneme, onset, rime and tone

4. Literacy measures included testghe following:
ZF readingaccuracytask(Experimental)
Charactereadingaccuracytask(Experimental)
ZF letterknowledge(Experimental)
Character recognitioHuang, 2001)
ZF spelling task(Experimental)
Schoolwide literacy examination(Taipei Municigal Shilin elementary
school, 2008 & 2009)
Legality of Chineseharacter task (Wang, PerfeftiLiu, 2005)

Thetest ofreadingcomprehension (Chang Yang, 2005)

5. Rapidautomatizechaming (RAN)(Experimental)
Digit naming
Object nanmg
ZF naming
Charactenaming

* Administered by the school teachers

Six of the twenty tasks listed above were repeated in Year 2. These were:
ZF reading accuracy

Character recognition
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Implicit phonological awareness
Explicit phonological aweness
Digit naming

Object naming

The remaining fourteen tasks were administered only once, for a variety of reasons.
The speech and language tasks were only used once since speech and language
development was not the main theme of the study. The apptied to norverbal
intelligence. Another reason for wusing
rapid progress in literacy. Since ZF was learnt at the beginning of Year 1, ZF letter
knowledge and the ZF spelling test were administered durihgén@d of time only.
However, character reading accuracy,ltdgality of Chineseharacter taskZF

naming and character naming were tested in Year 2 when children had been learning

both ZF and characters for more than nine months.

Table2.6 indicateswhen each task was administergé spelling task, reading
comprehension and twschoolwide literacy examinatiswere administered to a
whole classOnly the est ofnonverbalintelligencewas administered to groupkhe

remaining tasks were administdr® individuals.
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Table 26 The time when each task was administered

Task Year 1 Year 2

1. Nonverbal reasoning

Test of Nonverbal Intelligence "H
2. The speech and language measures
Picture Naming

Peabody Picture Vocabulary Test
Auditory memory

Semantic Fluency

Nonword memory span "H
3. Phonological Awareness

Implicit PA "H "H
Explicit PA "H "H
4. The literacy measures

ZF Realing accuracy "H "H
Letter Knowledge of ZF "H

ZF Spelling task "H

Character Reading accuracy "H
Character recognition "H
Schootwide literacy examination (different conten "H "H
in Year 1 and Year2)

Chinese Character Legality task "H
Reading Compiteension

5. Rapid automatized naming (RAN)

Digit naming "H
Object naming "H
ZF naming

Charactenaming "H

* Tasks repeatedly measured in yedsde figure 2.1)Y1-pr marks its first conduction; ¥fo marks
its second conduction.
A detailed description of each task follows. It covers five aspects:
the skills that the task was intended to measure
the content of the task
its previously established reliability and validity (if available in published sources)
task administration procec!

task scoring procedure.
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2.3.1 Nonverbal I ntelligence

The published and standardi zed O0Test
1996) was administerad Yearl in order todiscoverf p ar t i c i -pesbalt s 6
intelligenceaffected theiperformance across the broad range of cognitive .tasks
addition, the result of TONI would identify those participamith highor low 1Q so

that further analysis of their performance might be possible.

There were two Mandarin versions of TONI. Theedor younger chilien(CA: 4 to
7;5) was used in the project. The teas beemdopted and standamidnationwide
for the Taiwan population (Wu, Tsai, Hu, Wang, Lin & Kao, 200® test manual
reports internal consistency of .86 and-resést reliaility of .83. Children were
presented with a series abstract/figural conteneachincludingan empty cell, and
had to point taneelement (out of six provided) that would fill that cell.
Identification of the right element required one of nine ppiles: sameness
similarity, adding in, taking away changng the direction changingthe pattern

categorization crossing additiorandgradually changing

TONI can beadministered to groups of up to five children or individudhythestudy
TONI wasused in both ways according to practical arrangesainthe moment.

Considering the possible difficultiesy@arolds may have with using a pencil to fill

in the sheet, it was decided to ask participants to mark the answer by sticking a piece

of paper ortheir chosen answer. It took around thirty to forty minutes per child to
complete the TONI. Testers, who will be introduced in detail in the later procedure
section, would then transcribe those marks onto a sheet. The number of correct

answers was notechd converted into a standard score.
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2.3.2 Speech and/oL. anguageM easures
There were five speech and language taskisis study. Four of them were conducted

in Year1; only the noaAword span task was conductedrear?2.

Picture Naming

This gcturenamingtaskvas speci fically designed for
speecloutput skills(seeAppendix2:3). It was administered &oth year 1 and 2 to

assess or follow up childrends stiprgrech out
targetitems in it.All the itemswerehigh frequency words for grade one pupils
accordingtograde n e t e a ¢ h e e pronurciationeohthese.items

included all possible speech sounds in Mandarin. In addition, the thirty words were

high-frequency wordsdfrs c hool entrants, e.g. Obutterf

Participans wereasked to namiems in the picturén the same sequenas directed

by the testeilf participants produced an alternative name for the target word, they

were phonologically or semécally cued by the tester to provide the right word. O

some rare occasismvhena participant could not get the target nathetester would

supply the target anask the child to repedt If the child could imitate it correctly,

the response wasaled.Chi | dr ends answers were record
microphone connected to a laptop for trangern and analys. Only atypical speech

outputs would be transcribed and analysed. The number of words pronounced

correctly was noted as the raw score.

Receptive Vocabulary

ThePeabody Picture Vocabulary Test (PPVT) (Dunn et al., 1@8%pdministeredn
Yearl,toassesparti ci pantsod6 receptisklmenvocabul ary
standardised nationwiden Taiwaneseshildren in the age range 8fto 12years old

(Lu & Liu, 1998).1ts test manual reports sphalf reliability of .90 to .97, and

testretest reliability of .84.
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Participants were shown four pictui@s the laptop screen front of themand heard
a target word spoken by a tester. A chials asked to point to the picture
corresponding to the word spoken by the examiftes.scoring is defined in the

manual of this published test and was strictly followed in the study.

Auditory Memory

The aiditory memorytask was taken from the input $abks of theDral
Comprehensiotest(Lin & Chi, 2002) which isa standardized test used for assessing
oral comprehension skilia children aged from 6 to Mears The other subtasks in

this test aresyntactic comprehension, semantic judgenemd disourse

comprehensiorAll these subtasks may be carried out separately. The auditory
memory subtest is intended to assess auditory processing, working memory capacity,
sentence comprehension and the comprehension of spatial k&m8sGhi, 2002).

Its testmanual reports the internal consistency of auditory memory tasks as 0.75, and

testretest reliability as 0.74.

In the auditory memory subtask, children were shown a picture and asked t point
the target(s) in a certain order accordingh®t e s instrucoms for example, an
English translation would be 6Point to
| i .rAkd the instructions included only spatial and/or superlative terms which may
be properly used in a testing environmetin & Chi, 2003. Therewereeighteen

items in this subtasK.he formal testing was preceded by a brief training phEse.

raw scores (the number of correct responses) were converted into T scores according

to the table of norms in the test manual.

SemanticFluency

The test isa Mandarin translation of tHenglish languageemantic fluency task
which forms a part of thé”honological Assessment BattéfiyhAB) (Frederickson,
Frith & Reason, 1998).
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Participants were asked $ay as many names of foods as gmesvithin twenty
secondgpart one). They were then asked to produce as many names of animals as
they could within twenty seconds (part twdhe interval between these tvparts was

less than twenty seconds. One practice trial was performed in ofdeniliarize
participants with the taskhe number of correct responses was noted as the raw score.
The average of the raw scores from the two subtasks (parts 1 and 2) was calculated

afterwards.

Pseudeword Memory Span

The pseudavord memoryspantask wasa task designed by the researcher in order to
discover the capacity of working memory in processing and repeating a string of
sounds without lexicadr visualinformation. This capacity is necessary for implicit
phonological awareness tasks, particulatiyhe syllable level. A memory span of at
least four syllables is required for this. Therefore, the psawds used in this task

were all derived from the PA test battelgsigned by the researcher (introduced in
2.3.3) and covered as much phonologicatiety at onset, rime or tone levels as
possible. The level of word span in this task started from three pseards and

ended at nine. There are two items at each level. It took around five to ten minutes to

complete this tastseeAppendix2:4).

Children were asked to repeat all syllables (or pseuoials) they heard in the audio

recording, retaining the order. Instruction and three practice trials with one to three
syllables preceded the formal task. The testing stopped when the child failed on both

items at the same span level. No second chance, excepbselftion, was allowed.
Childrenbdés utterances were recorded and
were scored as correct. In additiamorder to reflect the difficulty level, the sarg

of this test weighted the number of syllad®des inthe Digit Spantest int h \&echsler
IntelligenceTest forC h i | (Chem & Blung, 2004)Each correcthreesyllable
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answerscoredfour points, and two more points weadded for each additional
syllable; i.e. a correct foesyllable answer scored six points, and eight points were

given for a correct fivesyllable answer.

2.3.3 PhonologicaAwareness

The battery of phonological awarenegsigned by the researcher includedh
implicit phonologichawarenesslinPA) and explicit phonological awarene&xPA)
tasks (defined in section 1.3l the stimuli used in the test apseudewordswith
sound structuretypical of Mandarin, except for foyrer centof thestimuli (7 words,
which werelow-frequency words in Mandarin or Taiwane$ee stimuli were
selected by the researcher to cover as much of a variety of combinations of
consonants, vowels and tones in Mandarin as is posslideoriginal version of the
PAtestbattery was piloted on thrééandarinspeakingchildren (aged 12, 9 and 6
yearg, following which theinstructions were modified to make them shoated

understandable for scheabed children

To achieve efficiency and decrease misjudgement by testers, a software version of the
PA bdtery was developed by a professional designer collaborating with the researcher.
This PA software tool provides aagphicaluserinterfacefor the following functions:

a) presenting visual and auditory stimuli simultaneously; b) recording the speech
outpu of a participant; c) repeating a selected item when necessary; d) recording the
responses to implicit PA tasks, matching each of them against a list and then
producing the raw score. The PA software was repeatedly tested before use to make
sure the methbof demonstrating stimuli was suitable to enable a child to respond

without distraction.

PA skill was tested both implidit and explicity at five levels (defined in section
1.1.1.1): syllable, rime, onset, phoneme and tone (see tapl&Reach leel, there

wereten itemsexceptfor onsetwhere there werfteen items The extra five items
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focused on the onset units which exist only in Mandarin. They wpeafally
designedo investigate whether pupils from Taiwanageaking or
non-Mandarirdominant families would have any disadvantages in PA development

or literacy acquisition.

Table 2.7 Number of items for each PA subtaskn the PA battery

Linguistic Levels Implicit PA Explicit PA
Syllable 10 10
Rime 10 10
Onset 15 15
Phoneme 10 10
Tone 10 10
Total 55 55

Implicit PA vs Explicit PA Tasks

Implicit PA tasks are detection tasks where children have to detect a common unit
between the target word and the correct opfidrere were two foils in each item so

the chance levebas33%.Explicit PA tasks were segmentation production tasks
where children had to pronounce the common unit; for example, the child had to say
/ail when hearing /bai/ and /tai/. Therefanejther foilsnor chancevereinvolvedin

explicit PA tasks

For allimplicit PAtasks, the presentations (see Figug were as follows:

1. An animal appeared arsidsomething.

2. Three qirls or boys then appeared aagisomethingone after anotheA number
was shown on e acthebgdieswerdresedirbdifgrents b o dy
colours.

3. Children were asked tadicatewhich girl or boy hagdaidsomething (targatnit)
that matched part of what the animal had just said. They could respond by

pointing or giving a number.
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Figure 2.2 The presentationof animplicit PA test

For allexplicit PAtasks, the presentations (see Figu@ were as follows:
1. Two girls ortwo boys appeared arsdidsomethingone after another

2. Children were asked &ayaloud the sharednitin between two stimuli
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Figure 2.3 The presentationof an explicit PA test

Five phonologicalevelswere covered in this PA test: syllable, onset, rime, phoneme

and toneFour tones were included and distributed randomehpss itemdn the



Implicit PA tasks, the placement of answers was lgwv@istributed among three
options.Overlapping phonensshared between the matched pair (target sound and
correct option) and the meainingtwo foils were avoided as much as possilbleat
phonemesharedetween two foilge.g. /u/ in the onset exampleTiable 27) are
allowed The full set of stimuli is presented Appendix2:5. Table 28 demonstrates

an example of each level of implicit PA tasks.

Table 28 Examples of implicit PA tasks at five levels

Level Target Optionl Option2 Option3
Syllable xXowtsi | neitsi | t{ Peupal tsPyufal
Rime Jal pE | ta'l na |
Onset theil nou | lua | thio
Phonemel | ts"you fua\ plad lye
Phoneme2 | t®inu saul plani pAn
Tone tsal thel lo/ pyd

The @ame syllable patterwas used acrosd atimuli in the same itegrincluding the
tone level.The only exceptiorsithe tone taske/here all stimuli in an item shared a
same syllable pattern onlyurther details of syllable pattern and design in each level
are presented as follows:
- Syllable taks Syllables ofCV, CVC and @AV structure were used (M: medial,
similar to [ i/ iThesehred sglabée struadurese rathgrl e
typical in Mandarin. Eacpseudeword stimulusconsisted ofwo syllables
which werenot similar to anyeal word in Mandarin or Taiwanesghe
placement of the target syllable (the first or the second syllable of a
two-syllable pseudavord) was balanced across the test items.
- Rime tasksCV andCMYV syllables were used. Thus, the rime which the children

were asked to process was always in an open syllablewHsidecausthe

majority of words in Mandarin end in a vowel.
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- Onset tasksCV andCMV syllables were used. Thus, the onsets which children
were asked to process were always consonantswHsidecasethe majority
of words in Mandarin start with a consonant.

- Phoneme tasks: In the first six items, the sound structur&®f @as kept the
same for all the stimuéxcept one foil where CV is its sound structunethie
last four itemsCVC was the onlghosen sound structuexcept one foil
where CV is its sound structuréhe target phoneme which the children were
asked to process was thiedial (i.e. /i/, /ul or /y/)n the first six items and
final nasal casonants in the last four items.

- Tone tasksCV and CVC syllables were usdebur tonef Mandarin werghe

target units which the children were asked to process.

Administration and Scoring of PATest

All tasks were presented on a laptapingprerecordecudiostimuli. This battery
wasdesignd specifically for this study, usircomputer software program order

to standardize the presentation for epelticipantandor ecor d a chi | doés
easily ancsimultaneously. Another advantagithis IT progranwas to offer visual
inputbeyord auditory input. The visuahputwas tosupportp ar t i ci pant s o
understandig of thetask ando reduce thenemory loading, especialyn implicit PA

tasks. In addition, different animal figures were used to represent various

phonological units so that ¢ddren might be more aware of what wesngtesedand

notbeconfused between different tasks.

Because items were matched acroseipdicit PAtestand thamplicit PAtest, it was
necessary to administdreimplicit PAtestfirst andto set a certaimtervalof at least

forty minutes between these two tests.

The stimuli were generally presented just once, except wagany sudden noise or

interruptionprevented the chilttom heaing a stimulisproperly;(b) a child did not
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respond at all fofive seconds or moréc) a child asked for repetition, or otherwise
indicated thas/hewould like a repetitionIf a child responded correctly following the

second presentation, the answer was scored as correct.

The first three items for each subtask weaingtrialsin which, following the
chil dbés r es p owosleexplainhviey thie @nsweravasorheet or nat
This was to make sure every chieteived the same amount of pest nstruction.
After threetrainingtrials, if a child appeatketo have no insighhto what waseing
tested on the fourth item, the re$ttheitems were not administered. This was to

ersurethat thePA taskwould not cause angistress tahildren.

In order toensurehata childwasprocessing each stimuluguelly, the instruction
did not explicitly mention the segment and/or linguistic unit under test except in the
tone tasks. Tones were particularly mentioned in the instruaidhd tone tasks in

order to avoicany confusion about what was the tangeit to be matched.

Each response was scored as correct or incoAectrasponséwas also scored as
incorrect. The maximum score for each task W@®xceptin the onset tasksvhere

the maximum score wds.

2.34 Literacy Measures

ZF Letter Knowledge

All thirty-sevenZF letters were printed oa sheet oR4 paperin arandomsequence
(seeAppendix2:6). The ZF letter knowledge task was conducted individually.
Participantsvereasked to read odihe letter name of any letters thayewone after
another in the order shown on the sheetP a r t respangesweieesoided withan
external microphonen a laptop. The number of correct nesneither letter names or
soundswas recorded on the answer sheet. ditieulationof theletter name or

sowndswas not strictly examineas long as the pronunciation of each letter was

88



recognizable andistinguishable fronsimilar letters.

ZF ReadingAccuracy Task

The ZFreading task waspecifically designed to assess the accuracy rate of
pictureto-word mathing It was a speed te&ir aparticipant was asked to respond as
quickly as possible within the time limit of thirty seconBack and white line
drawingsrepresentetivo-syllabic ZF words in Mandarirwhich were all
high-frequencyocabularyfor children of this age. The full set of stimuli is presented
in Appendix2:6. Each child was presented with a picture under which were three
words written in ZF. The child was asked to point to the viloatiwas the name of

the picture. The presentation of the i&ading accuracy task is shown in Figure 2.4

where the correct answer is the second option.

T Resd Teat = T
file Time About
Hl EIEIE |l o [0 =

ID Number: 1234

Start
0y il B
N = W, T g, ==
1 2 3

Figure 2.4 The presentation of the ZF reading accuracy tasfCorrect answer: 2)

Thetask comprisetivo 12item subtasksin eachsubtask, there weteo practice
trials and twelve different items. The/¢lve itemswerepresenédrandomly in each
subtaskso that evenif children were tested twice in a short interviaé practice
effect was minimizedCorrect answers were distributed eveoverthree diferent
positionsin eachsubtaskIn each item, one of the foils was visually similar to the
correct answer. This foil and the correct answer differed in the first or last Fetier.

includedpseude or reallettersor charactershat were visually simdr to the target,
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according to thgudgemenbf an English native speaker wtm not knowZF and
Mandarin The other kind of foil was phonologicallexical one: that is, it wastaue
written word thatshared the same first or second syllaid/or meamg with the
answerln Figure 2.4, options 1 and 3 are phonologlealcal and visual foils

respectivelyThe full set of stimuli is presentedAppendix2:7.

Before starting the task, participants were informed there would be a picture on the
screen ba laptop and three optiofsr its written ZF word They were asked to point

to or say the number of theemswer as quidk and accuratg as possible. Asoonas
thechildren answeredhetester would press a button and present the next Eaoh
sultask lasted 30 secondshe interval between twsubtasksvas shorter than 20
secondsThe number of correct responses was recorded. In addition, the number of

phonologicallexical and visual errors was noted for later analysis.

Character ReadingAccuracy Task

In order to compare the reading accuracy rate between the two orthography systems
used in schools, the character reading accuracy task was designed to mirror the ZF
reading task abov@ee Figure 2.5ptions 2 and 3 are visual and

phonologicallexical foils respectively). All the words used in this task were chosen
from Grade 1 literacy textbooks, so the vocabulary and their written forms should be

familiar to participantsThe full set of stimuli is presented Appendix2:8.

About
R | R Ry R oy o © =
ID Number: [1234

| Stan |
£ A £
3 = 2
1 B 2 3

Task Question: 5
e —

Figure 2.5 The presentationof the character reading accuracy test
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ZF Spelling Task

The ZF sphing task was designed to examine the effect of speech processing and
regularity in spelling for school entranthis taskis a papetpencil tak administered

to the wholeclass at Y1poonly (see fig. 2.1). It had twenty dictatigdemsfor the
children to write downThe presentation of the task was-peeorded in a quiet room

with a digital recorder by the researcher.

Ten itemsof the taslkwererealmonosyllabic higirequency words. Ae other half
itemsweremonosyllabic pseudwords Half of all words and pseudeords had
regular spelling, and the other half had irregular spelAtighe stimuli shared the
same sound structure, namely eith&f\Cor CVC, and coverednore than seventy
per cent of ZF lettergn addition,each pair of stimuli, such as pseudzal or
regulafi irregular, wassimilarin manner or plagaentof articulation Four tones in
Mandarinwerealsoincluded andlistributedas evenlyas possible acreshe task.
Eachcorrectly spelt item should composttleeZF letters plus a tone markT he full

set of stimuli is presented Appendix2:9.

The audio presentation of the tasés playedhrougha pair of speaksiconnected to
a laptopat thefront of theclassoom The volume was adjusteo that each child
could hear it easilyParticipants stayed at their deskbey were givenraanswer
sheet and asked to writeeir own name on it. Before this task started, participants
weretold that each item wdd be played three times with fissecond interval They
were guaranteed twave enough time to write doveachword. The test returned
spelling accuracy scordsr: (1) real words(2) pseudewords;(3) regular words(4)
irregular wordsln eachdimenson (regularirregular or redlpseudothe maximum

possible scoravas 10.
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Character Recognition

The Graded Chinese Character Recognition Test is a standardized test for screening
schootage childrerfor character recognition difficuéts. It was standalized

nationwide forchildrenaged 6;1 to13;11'he test manual reports its internal
consistency as .99 and testest reliability from .81 to .98Huang, 2001)Two

hundred characters in totlepresentdon two pages.

Eachparticipant was asked tead out each characterthre sequence provideds the
difficulty level of characters increasesetestis discontinue@ftertwenty characters
in succession an@acorrectly pronouncedr if the participant fails to respond. The
number of correct respeas was noted as the raw score. The corresponding

standardized T score was then obtained from the test manual.

Schoolwide Literacy Examination

In Taiwan, conventionally, there are two or three schade papetpencil exams

during each semester on eawhin course, such as literacy or mathematics, to monitor
pupil sd progress. The s hgraddteachemsndlesi gned |
admi ni stered by pupi |l s owetkZbomirserthefirstl n yeart
school literacy exam is written onity ZF. In year 2, the script of the school literacy

exam is changed to characters but with ZF spelling (in smaller font size) at the side.

The full set ofexam sheets in year 1 and yeas Aresented id\ppendix2:10.

Radical JudgementTask

The daracte legality judgementaskwas used in year 2 only, to investigate the
character knowledge ohddren learning Chinese characters after a year of instruction,
particularly in the placement and the form of radicélss task was adopted from

Wang, Perfett& Liu (2005. It is a forced choice and speed task with twenty items in
two subtasks: radical placement and radical form. The stimuli were changed by the

researcher from the simplified to traditional radicals in order to match the orthography
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used in Taivan.

In the radical placement subtask, the foil contains an illegal position of a radical
within a character. The child has to indicate which of the two options looks more
correctly presented by pointing to the character or giving a number. Figuregl2.6 an

2.7 present examples of the radical placement and form subtasks.

A

The radical can only be
at the left side of
1 characters. 2

1D Number: 123 Start

ask Questonc Number, 20 Play .= ]

Figure 2.6 The presentation of the radical judgement task: placemeifanswer: 1)

¥ CH Legality Test
File Time About

¢ | ® [ oo |e|=

1 2
ID Number: ,1237

Task Question: 1 Number: 20 Play 16

Figure 2. 7 The presentation of the radical judgement task: fornfanswer. 2)

Both accuacy rate and timeaken were recorded. After a training of five trials,
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children were asked to make each judgement as fast as possible. It took about ten
minutes for Grade 2 children to complete this td$ie number of correct responses

and the time ineconds to finish each subtask were noted.

Reading Comprehension

Reading comprehensiamvas apapep e nci | t as k TestoffReadingpubl i s |
Comprehensiod(Chang& Yang, 2005)which is designed particularly for Grade 1

pupils and written in characteascompanied by ZF compoundse full set of

stimuli is presented iAppendix2:11. It was chosen because participants in the study

were assessed during the first two months of Grade 2. It gamip teseind took

around thirty minutes to complete. Thest manual reports an internal consistency

of .86 and testetest reliability of .74. The reading comprehension test contained

seventeen items on a tveaded sheet. Each item was preceded by a few sentences or a
paragraph followed by four options. Childread to read and understand the meaning

of sentences or paragraphs in order to choose the correct option.

The participants received the test in their own classroom within a week of the
agreement of the teachef$ie researcher herself was the only tefstethis measure.
A general introduction was given before two trials. Feedback or further instruction
from the tester was also given to individual participants when needed before the
formal test. The number of correct responses was noted as a raw seore. T

corresponding standardized T scores were then obtained from the test manual.

2.3.5 Rapid Automatized Naming

Rapidautomatizedhaming (RAN) was administered individuallylaith Year 1 and
Year 2in order toassesfiow children performedt speedvhen they had to integrate
visual, phonological and lexical processing #mehexpress the resuliroughspeech.
RAN digit naming and picture naming werenductedn Yearl, since earlier

research found tise two subtaskaremore closelyrelated to Chinesieracy
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competenceéhanother RANsuliasks (Tzeng, 2006Jwo more subtasks (ZF and
character) were addedYear2 t o assess c manindskdaftéraa r api d

year of literacy educatioffhe full set of stimuli is presented Appendix2:12.

The alignment of the digits and/or pictureshe same as in the rapid naming subtests

of the English Phonological Assessment Battery (Ph{&Bederickson et al., 1998)

exceptthat thepictureswere changedy the researchén order to include all four

tonesof Mandarin f or exampl e, &édbox6é and O6hatdé ar
respectively, in Mandarin. In the Zthdcharacters RAN taskdy¢ alignment oZF

lettersor characters was randomly arranged within and between a set of five letters or
chamlcters. Al of the five onesyllabicnames of pictureswere highfrequency words

or very familiar taschool entrants

There were tw@racticetrials before eacimamingsultask which allowed the
split-half reliability to be calculated.aticipants werasked to read out all possible
numbers or drawings a few times. This warmupyexercise was to make sure
participants were familiar with the name and pronunciatiateafsand in a similar
state of preparation eachsubtaskfifty digits, or drawings or ZF letters or
charactersvere presented on the screen of a lapdoy.self-correctiors or pause
during reading out were allowed and counilte speech output of naming amhe t
total time to complete fiftyyemswererecorded. The interval betweenawubtask
was shorter thatwentyseconds. Theesponse accuracy and naming time were

recorded for each subtask.

95



2.4 Procedures

24.1 Group Study in Year 1

Three research helpesgre recruitedo administerall assessmentsith the

researchem Yearl. One of them was third-year graduate student in tBepartment

of Speech and Hearing Disorders and Sciences, National Taipei College of Nuhging
had worked as a speech and language therapist for twoafearqualifying with a
bachelor dgree The other two helpers wetigird-year graduatstudentsn the
Department otinguistics National Chenchi Universifywho had experience of data
collection and transcribing. They were recruitediveamail announcement and
Internet interview wherhe researcher was still tihe UK. These helpers were trained
by the researcher teseall tasks and procedures before starting data colleclios
training included the explanation of manuals, the demonstration of each task, practice
in administering tdss, feedback from the researcher, and procedures and guidelines
for interacting with teachers and pupils in schools. It took six to eight hours to
complete the trainingduring their administration of assessmettig, helpersvere
accompanied and supervisBy the researcher all the time through individual or

group meetingand discussion.

All the participants were assessed in a quiet meeting room or the library of the school
exceptwhen performing th&®eadingZF taskin thetenthweek which took plae in

each classroom. Participants were brought to either place by a tester during a class

break and assessed duringclasewi t h t hei r t e @hddreawer@s per mi
told they would be doing an interestiagtivity rather than a formal testhenthey

were pulled out from the class.

Both the meeting room and the library were familiar to all the participants and they
behaved very naturally in these two areas. Participants were assessed individually or
in a groupoverseven sessions (September to &ober 2009. In these sessions, the

orderin which those tasks weeglministeedwas fixed for all participants.
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In order to minimize the effect of literacy instructiontbe baseline performance of
participants, some tasks which were nd&tly to beinfluenced bythe above effect
were tested first during the first month of data collection. They vetter knowledge
of ZF, Implicit PAandExplicit PA. The details of each session, including the tasks to
be done in each session, how were they assemseédhetime to complete those tasks,

arelisted in Table2 9.

Table 29 Tasks in each assessment sessianyear 1

Session | Method Taskl Task2 Task3 | Time
(min)
1(Sep) Individual Implicit PAtasks ZF Letter -- 40-50
Assessment Knowledge
2(Sep) Explicit PAtasks ZF Reading Picture | 40-50
Y1-pr Accuracy before | naming
ZF course
3(Oct) Auditory memory subtask if 6Char ac -- 40-50
60ral compr Recogni
(Lin & Chi, 2002) (Huang, 2001
4(Oct) PPVT RAN Semantic | 40-50
(Dunn, et al., 1981) Fluency
5(Oct) Small group/ TONI (Brown et al., 1996) -- -- 3040
individual
6(Nov) Classwide Spelling_ZF -- -- 30
7(Nov), | Individual ZF ReadingAccuracy -- -- 2-4
Y1-po assessment after ZF course
13(Nov) | Classwide ZF schoolwide literacy -- -- 40
exam

* It washeld bythe school.

In the first and second sess#pthe tasks were administered in a random ordes. Th
was tominimize the proactive interference in executing fivglicit PA or Explicit

PAtasks.Other small tasks, such as ZF letapbwledge, were also carried out among
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those PA subtasks in a fixed ordertotal, there were seven small tasks administered

in each session.

Exceptfor the paperpencil tasks, all sessions were recordea laptop with an
external microphone whileexmi ner s wr ot e rdspowsesnpnar t i ci part
appropriate scoring sheet. These audio files were used to complete or verify the

written record afterwards for scoring and encoding.

2.4.2 Group Study in Year 2

Two research helpersere recruited tadminsterall assessmentsith the researcher

inYear2. One of t hem h anthntand GralcsCGaregnddhe otldeeag r e e |
mastes degredn Linguistics They were recruited viaternet interview when the

researcher was still itme UK. These helperwere trained by the researcheuseall

tasks and procedures before starting data colleddonng the administration of

assessments, the helpamsre accompanied and supervised by the researcher through

individual or group meetirggand discussion.

The procedures for conducting the individual assessment and procedure were

generally the same as in Year 1. In these sessions, there was a fixed order for
administering the tasks.l&Ahe participants were assessed in a quiet meeting room or

the libraryof the schoglexceptwhen taking theegadingcomprehension tesivhich

took place in eachf fiveclassroos wi t h t he tMostoftheahikl@én conse

looked forward to their turns and asked the researcher when they could go with her.

The detailsof each sessiom Year2 (including the tasks to be done in each session,
how were they assesseuhd thetime to complete those tagkarelisted in Table?.10.
For those children with speech difficulty identifiedn Yearl, a picturenaming task

wasrepeated during one of the individual sessson
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Table 2.10 Tasks in each assessment sessianYyear 2

Session | Method Taskl Task2 Task3 Time
(min)

1% (Sep) | Individual IMPA 6Character Legality task | 40-50

assessmen (Huang, 2001
2 Explicit PA Reading accuracy Nonword span | 40-50
3 (Oct) RAN Picturenaming for children -- 20
with speech difficulty
4" (Oct) | Classwide 6Readi - - 30-40
Compr eheg

* It could be tested in*1 2" or 3¢ session.

2.4.3 Coding Explicit PAPerformance

Unlike the altor-none scale (1 or 0) used in ImPA taskdiraepoint scale (0, 1 or 2)

wasusedtocat hi | dr ends p explicibRA@asks) Coerectarasponsbse

were given two points and wrong answers were given nopéiotvever,in some

cases, relying on the production itself might ureles t 1 ma t egplict PAsKills. s 6

In order not to give gnelty for having a speech difficulty or accent productiome o

point was given for responses that were partially accurate, as follows:

1. Speech outpuproblems Some children witlaspeech difficulty could not
pronounceclearlythe answers thewished to producdn these cases, one point
wasgiven.In orderto decidewhether a distorted answer could really be attributed
to speech output pptems, performance on ImPA tasks was compared with the

performance on the pictureaming task (see section 2.3).

2. Taiwanesdlialecteffect: As mentioned earli¢section 2.1.1)postalveolar
sounds weré&equenly replaced by alveolar ongandtone 2 andone 3 were
pronouncedn avery similarwayin TaiwanMandarin Those answers influenced
by the Southern Miphonological systerwere given one point tdistinguish
themfrom standard or wrong answers. For exampléidfvas replace by /I/ in the

onsettask which happened frequently for thosieildren who spokenly
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Taiwanese, one point was given.

3. Approximate processing effect: A lot of childreroduced responses that were not
fully correctbutwhich did showsomePA processing skill. One point isvgin to
distinguishthese responsdé®m the obviouslyincorrect responsea.difference of
one phonetic featun@as allowed in this case for the onset, phoneme and rime
tasks, and two phonetic features were allowed for the syllable task. For example,
one wint was giverfor the answerp- o/ when the correct answer should be//p

[a difference of adding a neutral vowel after the correct consonant]

A detailedquantitative codig system to codexplicit PA responsets presented in the

Appendix2:13.

2.5 Summary

In this chapter, a unique test battery for Mandapeaking children has been

described, along with the research design, participants and procedures for this study
In the next chapteResultsand Discussioth), the analyses concerning the

relationship between spok&anguag@ skills and PA development will be presented.
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Chapter 3 Results and Discussion I:

Development of Phonological Awareness and
Its Relationship with SpokenLanguage Skills

This chapter addresses the first research topic, including two research questions:
la.What is thedevelopment of PA in the first school year?

1b.How does PA relate to spokéanguageskills at this stage?

Thechapter will conalde with a discussion A development of Mandarspeaking
children acompaisonwith alphabetic languagesming of literacy instructiopand

the disthction betweersuprasegmentaindsegmental PA.

3.1 Development of PA between Year 1 andlear 2
3.1.1 The Mastery of PA Tasksin Year 1 and Year 2
Tables 3.1 and 3.2resent the descriptive statisticscoh i | dr ends theer f or ma

PA battery in Years 1 and 2, respectively.

Table3.1Chi | drenés perf or maim¥earlon t he PA bat:t

Measure No. o items Mean SD Mind Max  No. of

(Max score) (Percentage) sample
ImPA_syllable 10 (10) 8.27 (83%) 1.55 4-10 94
ImPA_phoneme 10 (10) 4.54 (45%) 1.70 1-9 94
ImPA_onset 15 (15) 8.85 (59 %) 3.10 0-15 93
ImPA_rime 10 (10) 6.46 (65%) 2.23 0-10 94
ImPA_tone 10 (10) 4.65 (47%) 2.61 0-9 94
ExPA_syllable 10 (20) 15.69 (78%) 3.02 0-19 95
ExPA_phoneme 10 (20) 5.87 (29%) 4.34 0-18 94
ExPA_onset 15 (30) 14.31(48%) 6.60 0-29 95
ExPA_rime 10 (20) 11.46 (57%) 6.35 0-20 95
EXPA _tone 10 (20) 11.40 (56%) 5.78 0-18 95

Note: Im: Implicit Ex:Explicit
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Table 3.2 Descriptive statistics of the PA batteryn Year 2

Measure No. of items Mean SD Mind Max  No. of

(Max score) (Percentage) sample
ImPA_syllable 10 (10) 9.10 (91%) 1.21 4-10 92
ImPA_phoneme 10 (10) 4.74 (47%) 1.66 0-9 92
ImPA_onset 15 (15 11.46 (76%) 2.66 5-16 92
ImPA_rime 10 (10) 7.60 (76%) 1.72 2.10 92
ImPA_tone 10 (10) 7.36 (4%) 1.78 310 92
ExPA_syllable 10 (20) 17.84 (89%) 1.46 13-20 92
ExPA_phoneme 10 (20) 9.18 (45%) 4.50 0-20 92
ExPA_onset 15 (30) 19.68 (66%) 7.07 0-30 92
ExPA _rime 10 (20) 15.29 (%) 5.38 0-20 92
ExPA_tone 10 (20) 17.12 (86%) 2.50 8-20 92

Note: Im: Implicit Ex:Explicit

The mearaccuracy ratelearly varied across the tasks. Before we explore those
taskrelated differences, let us examine performance improvements between Year 1

and Year 2.

Improvements in PA Performancebetween Year 1 and Year 2

In order to know if there was amjgnificantimprovementn c hi | dr enés per f
between Year 1 and Yeay&pairedt testwas takerfor those children who completed

the PA battery twice. Significant improvements were observed on all tasks except

implicit PAat thephonemdevel, and the effect ges of the improvement were

moderate or large (see figure 3.1). The only exception was the implicit PA task; its

low reliability and high guessing rasdowed pupils at their early school years could

not do it. Therefore, its improvement wasn-significart.

10z



0or [mPA 100 ExPA

o o
(=] f=1
T T

e
=]
[

Mean (%)

. Sylla. Ph Onset Rime  Tone
Sylla.  Pho. Onset Rime Tone yra o

100~ 3§
9 sob n gl 14 Effctsze
= T i
5000 5
=

40+ )

20+

U L ' 1 1 J D
Svlla.  Pho. Onset Rime Tone Sylla, Pho. Onset  Rime  Tone

Figure 3.1 Comparison of mean accuracy rate on PA subtasks between Year 1

(upper panel) and Year 2 (|l ower panel).
differences is indicated in red.

The above results show thhetween Yearl and 2 childre n @esformancen the PA
batteryimproved moderately or substantialbp most of the linguistic level3he

most impressive improvements were observed on the implicit and explicit tonk task.
is worth noting thatite three other subtaskdich showedhe largest improvements

were all explicit tasks.

Reliability of PA Battery

Henson (2001) recommended various standards of reliability. In the case of pilot
studies, a reliability score of 0(h6 was thought to be sufficient. However, a later
cutoff pont is necessary when developing an instrument: 0.7. Any reliability above
0.9 is thought to be robust enough for adopting a clinical diagnosis. Henson

particularly emphasized many factors that might potentially affect the internal
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consistency of a measumjch as single or multiple testers, or a level of heterogeneity
in the sampleHammond (20063uggested that the reliability of a measurement as a
research tool should be higher than 0.7. According to his criterion, reliability below

0.5 is thought to bw; 0.50.7 is satisfactory; 0:0.9 is good; above 0.9 is excellent.

In order to know whetheahe PA battery designed for the purpose of this study is able
to elicit consistent and reliable resposserossandividuals, its reliability was

examined. Kstly, Cr o n b a ¢ hwas calkulageth arder todiscoverthe internal
consistency of PAneasurement he results for both implicit and explicit PA at two

time poins areshown in Table3.3,

Table 3.3 Reliability of PA battery

PAbattery  Reliability evaluation Reliability  evaluation

Year 1 Year 2

Im_Syllable 0.46 low 0.58 satisfactory
Im_Phoneme 0.22 low 0.48 low
Im_Onset 0.65 satisfactory 0.57 satisfactory
Im_Rime 0.58 satisfactory 0.45 low
Im_Tone 0.68 satisfactory 0.48 low
Ex_ Syllable 0.54 satisfactory 0.31 low

Ex_ Phoneme 0.67 satisfactory 0.59 satisfactory
Ex_ Onset 0.93 excellent 0.85 good
Ex_Rime 0.86 good 0.84 good
Ex_Tone 0.92 excellent 0.62 satisfactory

"According toH a mmo wrrileion (2006)

Note: Im: Implicit Ex:Explidt

Generally speakingmplicit PA showed lower reliability thaexplicit PA. In Year2,
the majority of the impliciPA tasks, such as phoneme, rime and tommicit PA

tasks,showed low reliability.

In addition, thedw reliability of the implicit fnoneme tasin Years 1 and 2 may
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reflect its high level of difficultysee sectonod Pass r at e).Opfto | mpl i ci
86%and88% of the cohorfor Years 1 and Zespectivelyperformed this task by

guessing. Gnsequentlythemeasuref this task wasot quitereliable

The only explicit PA task with low reliability was tisgllable taskn Year2. Its
average accuracy rate was 89, 2dich was very close tonehundred pecent In
addition the accuracy fomore than 70% of the colas above 90%Therefore, lhe

ceiling effect might be the main reaskon its low reliability.

Inter -rater Reliability

Sinceatranscription and coding process was involved in explicit PA tasks;rattar
reliability had to be established. In order to establish ttee-rater reliability, 20% of
all explicit PA results collected were scoredthby the researcher amy a research
helper The agreement w85 %in Yearl and96%in Year2, whichis highy

acceptable

Relative Difficulty of Different PA tasks

A Friednman ANOVAtest was applied toheck whether any significant difference

exists between all PA taskd he result showed that there was a statistically

significant difference in performance depending on which PA task was conducted,
2%(19) = 891.90P = 0.00. A Wilcoxon SignedRank Test was then administered to
explore the differences between each pair of subtasks. The order of relative difficulty

is presenteth Table3.4.

2 All raw scores were converted to % accuracy to ensure comparability among tasks of different
length.
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Table 3.4Relative difficulty level of PA tasks atvarious linguistic levelsin Year 1

and Year 2
ImPA Year 1
Phoneme wns Tone =000 | Onset =03 Rime =000 | Syllable
ImPA Year 2 =
Phoneme | =000 Onset >ns Tone s Rime | =000 | Syllable
ExPA_Year 1 =
Phoneme | =000 Onset =03 Rime mns Tone | =000 Syllable
ExPA_ Year 2 o
Phoneme | =000 Onset =-000 Rime =01 Tone =ns | Syllable

Note: Im: Implicit Ex:Explicit; ns: the difference is natatisticallysignificant

The rank order of task difficulty differed rather little between Year 1 and 2, and
between implicit and explicit tasks. Phonetagks were consistently the hardest,
while syllable tasks were consistently the easiest. However, the relative difficulty of
onset, rime and tone tasks did differ between explicit and implicit tasks. For tones, the
explicit tasks were relatively easy, Whthe implicit tasks were relatively difficult.

This may beattributedto the easier production of tone numbeompared with the
produdion of other segmest such as rime, onset or phonerfiee reverse was the
case for onsets, where the implicit taslswelatively easy but the explicit one
relatively difficult. This result implied thahe output skill otheonset(single
consonantsin Mandarinmight not be as easy as the other linguistic lefeglgyoung
schootage children since syllablaitial consonants are acquired latest (children have

most of the phonemes till 4;6 ) than vowels or tones (Zhu, 2008).

Pass Rate of Implicit PA
Because ofheforced choice design applied on Implicit PA tasi@rect responses
could be produced by guessifdierefore,onesample {test wascarried out to

examine whether, on average, childrends j
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implicit tasks. The results were significant for all implicit tasks; thus the null
hypothesis that the children responded by guessilygcan be rejected. This suggests
that,as a group, aumberof children knew what waseing testedh implicit PA and
responded accordinglievertheless, it is still possible that some children were
merely guessing. A binomial probability indicates tloata task comprisintenitems,
when a childgavesevencorrect answers or marhkis/her performance was above
chance level (p <.05). This criteriovasapplied to syllable, phoneme, rime and tone
tasks. On a task comprisififeenitems, the abovehane level (p <.05) would be
nine items andthis criterion waspplied to the onset task. Tal3& presents the

percentage of children performing above these chance levels in both years

Table 3.5Number of participants (with percentages in bracketskscoring above the

guessing criterionon Implicit PA tasks

No. of children Syllable = Phoneme Onset Rime Tone
(Percentage)
Year 1 79 (84%) 13 (14%) 55 (59%) 52 (55%) 24 (25%)
Year 2 90(98%) 11(12%) 88(96%) 66(72%) 66 (72%)

As shown in Table 3.5, a similar pertage ofabove theyuessingriterionon

implicit PAat thephonemdevel between year 1 andwas found. Otherwise, the

cohort wasmore aware of what was ing tested on the other levelsiafplicit PAin
Year2. The most substantial improvemémnthepercentage abovihe guessing

criterion wasn implicit PAat the tone levelThe results might suggest: a) tonei®A
majorly facilitated byformal education; bimplicit PA at thephonemdevel might not

be sensitive or improvettiroughZF and/or CHorthogaphy experience. In other

words, tone PA was not stimulatéd developby preschool verbal experience but

only facilitated by orthography experience. Given that tone level is suprasegmental,
thisimplies that suprasegmental PA develops independently &th@rsegmental PA

such as onsetme or phoneme PARegarding th@nplicit PA at thephonemdevel|,
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the resulshowed that the cohort had difficultyidentifying this unit in a syllable via
auditory input. This situation continued even though pupésl io capture thearget
unit by slowly repeating and segmenting auditory stimuli in moastthe researcher
observed. The result indicatinatthis level of PA is not requirealongside Mandarin
spoken experience. Particulartythe case of final naseonsonantssuch as /n/ oM,
no corresponding ZF script exisihe above results will be further discussed later in

this chapter.

Family LanguageEffect in the Implicit and Explicit OnsetSubtasks

In order to clarify whether the degreeexfposure to Mandarin has an impact on
processing onset consonants which were spoken only in Mandarin, not in Southern
Min, five extra items were specifically designed and included in the PA test battery.
The five extra items include the phonological costsavhich exist only in Mandarin,
including fourpostalveolaralveolarand ondabiodentalvelar pairs. This is the

reason why the onset tasks in the PA battery include five more items than the other
tasks. These extra items were included in the analys@ted above. The differences
in PA performance on the onset tasks between children brought up in
Mandarirdominant families and those in ndfandarindominant families were

examined.

The performances on these extra five items (nos. 1, 11, 13, 146pawere compared
with performances on another ten items separated into twatdivegroups (nos. 3, 5,
7,9 and 12, and nos. 2, 4, 6, 8 and lfGhere wasa significant difference in
accuracyamong theséhreegroupsof tests for the coharparticulaty if children in

the noaMandarirr dominant group performed less well in the extra five itatns,

might be attributed tthe effect ofTaiwaneses the main family language

A Mann Whitney test was used to compare the performamt®se three groups o

itemsof Mandarirdominant and noeiMlandarinrdominantgroups No significant
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difference was found for thexplicit PA at theonsetlevelin Yearl and Year 2or for
theimplicit PA at theonsetlevelin Yearl. However, ssignificant difference was
foundin theimplicit PA at theonsetlevelin Year2. Children in
non-Mandarirdominantfamilies performed less wglMdn=3) than their peeswhose
familiesspokeMandarinmore than three quarters of the tifiMdn=4, U=757, p

<0.05.

The above results showetadvantage afhe mainstream language atitk effect of

family language. Thigffect mightreveal itself after a year of schoolintherefore, it

was important to follow up this effect in another study for those children whose
family language was not thmeainstream one in a society where PA and litehacy
proved to interact closely. In addition, although this small effect was observed in the
onset tasks where the contrast between languages was deliberately designed in

advance, it is uncertain if thisfe€t is limited to onset levels only.

3.1.2 The Relationship betweenTasksin the PABattery
This section is going to describlee relationshi@mongthelinguistic levels inthe PA
battery,using correlation and factor analygtiowever, as IQ camripact on PA

performance generally, this will be examined first.

Non-verbal Intelligence

The mean performance of this cohart the norverbal intelligence test (TONiyas
102.47 o theWechsler scale arttiestandard deviation was 11.0he maximum
scorewas 135 andghe minimum was 79so no children fell within the impaired range

of performance

Correlation Analysis
Zeroor der corr el abdetweenPRA tack@alowthe dimgoddgand

patial correlationscontrolling for nonverbal intBgence(abovethediagona) are
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reportedfor Year lin Table3.6 andYear 2 in Table 3.7

On the whole, controllinépr nonverbal 1Q reduced the number of significant
correlationsamong tasksThisimplies thatthe effect of norverbal intelligence on PA
perfamance could not be dismissédhe following description is based mainly on the
results from thepartial correlatioranalysiscarried outo uncover the relationship

between any pair of PA tasksYear1.

Table 3.6 Correlations amongPA subtasksin Year 1 (below diagonal) and

partial correlations controlling for non-verbal intelligence (abovediagonal)

ImMPA  ImPA ImPA  ImPA ImMPA  ExPA  ExPA ExPA ExPA ExPA

_S _P _0 _R _T _S _P _0 _R _T
ImMPA_S -- .00 .06 -.03 29 Bl -.07 .03 .04 .19
ImPA _P .02 -- .15 .09 .09 -.06 A1 -.01 -.08 -.05
ImPA_O .08 17 -- 25 A1 .09 A0 25 .26 .08
ImPA _R .00 .16 .28 -- .02 -.09 25 .09 33 .26
ImPA_T .28 .15 .15 .10 -- 30 .07 .05 .08 15
ExPA_S .30 .02 .13 -.01 34 -- .10 19 .22 .16
ExPA _P -.07 14 A0 .28 A1 A2 -- 34k A5 30
ExPA_O .04 .04 .28 14 19 22 .35 -- 28 27
ExPA_R .03 .00 .28 .36+ 21 24 AT .35+ -- .18
ExPA_T .20 .05 .13 .33 .26 24 33 34k 27 --

** Correlation is significant at the Ol0evel 2tailed. * 0.05 level Zailed.

Note: Im: Implicit Ex:Explicit

In generalthe correlations between different aspects of phonological awareness were
weak or even nesignificant. This could be due to the low reliability of some tasks,
such asmplicit PAtask at thgghonemdeveli but it could also refleagenuine

dissociations between different aspects of phonological awareness in Mandarin.

Correlations were generally stronger amemnglicit PA tasks thaimplicit PA tasks
These results seetm imply thatPA processingmong variousmplicit taskscould be

more dissociated than amoting eplicit tasks.
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Table 3.7 Correlations amongPA subtasksin Year 2 (below diagonal) and

partial correlations controlling for non-verbal intelligence (abovediagonal)

ImPA  ImPA  ImPA  ImPA ImMPA  ExPA  ExPA ExPA ExPA ExPA

S P 0 R T 'S P 0 R T
ImPA_S - -12 15 -.01 14 -18  -08 .05 -.13 24
ImPA_ P -.12 - 11 12 .06 10 15 .09 19 04
ImPA_O .15 12 - 24 20  -22 36+ 17 22 19
ImPA_ R -01 .16  .2& - 14 .08 28 12 33 .08
ImPA_ T .13 08 21 17 - -12 16 .09 26+ 36+
ExPA S -18 .09  -22 .07 -12 - -.09 -.16 .08 -.13
ExPA P -07 .16 .37+ .29« 17 -.09 - 14 Al 13
ExPA_ O .06 13 19 21 13 -17 18 - 24 20
ExPA R -12  21* 23 .39« 20+ 07 45 32 - 15
ExPA_ T .23 .07 20 16 38«  -13 15 .28 22 -

** Correlation is significant at the 0.01 levelt@iled. * 0.05 level Zailed.

Note: Im: Implicit, Ex:Explicit

In addition,in Year1 andin Year2, bothimplicit PAand explicit PA at theyllable
level hadnegativecorrelationswith other tasks. For exampie, Year2, theimplicit

PA at theonsetlevel had aweaknegativecorrelation(r = - 0.22) withthe explicit PA

at the syllable ieel task The results might imply that child may havea superior
syllable PA skil] but still not be able to perform smaller unit PA tasksh as rime,
onset, phoneme and toridowever, it is also possible that the negative correlations
reflect a ceilng effect on the easiest syllable PA tasks (shown in figure\®ign
there is a ceiling effect, there is little variance. An unusual performance by just a

handful of children may skew the correlations.

Factor Analysis

To explore the underlying construmit PAin Mandarirspeaking children furtheand
to identifywhich subskills were specificallymeasured by this PBattery afactor
analysis was performedhe Alpha Factoring extraction method was udadaddition,
anoblique (Direct Oblimin rotationmethod was adopted since it allowed the

intercorrelation between factai® be measured
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Data screening confirmed the adequacy of factor analysis for the presented, cohorts
I.e., the KaiseMeyerOlkin measure verified the sampling adequacy for theyarsal
KMO = .69 (Year ) and .71(Year 2. In addition,all KMO values for individual

items were > .6 (Year 1) and .62 Year 2, which were all well above the acceptable
limit of .50 (Field, 2009 High KMO values(between 0.5 and 1) indicate the factor

analysis had an appropriate number of common factors.

The structure matrix of the factors extracted is showrabie3.8,which provide
information about theorrelation betweea variableanda factor.Three factors could

be extracted which explained% of total variancéor Year 1and 33.64 for Year 2

Table 3.8: Structure matrices - Alpha factoring for the PA battery

Variables Yearl Year2

Factorl Factor2 Factor3 Factorl Factor2 Factor3

ImPA  Syllable .58 -35 .38

Phoneme .46 .34

Onset 45 42 -43

Rime 46 41 .50

Tone .58 44
ExPA Syllable .34 .59 .61

Phoneme 72 .59

Onset 51 .36

Rime .64 75

Tone A7 .37 g7
% Variance

21.20 9.03 4.09 20.05 8.3 4.62

explained
Cumulative % 21.20 30.23 3432 20.05 28.97 3360

Note: Weak loadings (less than 0.3) are not shown in the tablémplicit; Ex:Explicit

Factor 1representegrimarily all explicit PA and onsetime implicit PA variables. In

total it represented seven variables afddut only threemplicit PA tasks, two of
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which had low reliability (syllable and phoneme)ekplained 2.2% of total variance
Hence, it could be interpreted as theneralPA Factorin Mandarinfor it
encompassed all that is common across diffdPartasksAlso, 9% of total variance
was explained b¥factor 2which representethainly g/llable PA combiredwith
suprasegmental (topawarenesdt could be interpreted as tisyllable andlonePA
Factor. Factor 3only reached 4% of total variance ames unrelated to the other two
It comprised only implicit PA at rime and phoneme levels and seeits bea
coherent entityl' herefore Factor 3wasexpected to fadas time went bynd this

hypothesis was proved to be tinerear?2.

The correlations é&tween the above factors were all positiv&earl. The highest
correlation was betwedractors 1 and2 (r = 0.27), followed byFactors 1 and3 (r =

0.18). The last paifractors 2 and3, hadthe weakest relationship (r=0.003).

There was a different ggarn of resultsn Year2. Given that all small segmental PA
variables clustered together unéractor 1, this factor could be interpreted as the
Small segmentdA Factor, which explained 20% of total variancEhe constitution
of Factor 2is a mixture dhighly positive éxplicit PAat thesyllablelevel) and
moderately negative loadingsnlicit PA at the syllable levedndimplicit PA at the
onsetlevel). Since it represented mainly the syllable varial#fastor 2was counted
as aSyllablePAFactor. It explained around 9% dbtal variancelLastly, theexplicit
PA at the tone levedndimplicit PA at the tone levahade ugactor 3This factor

could be named asT@nePA Factor, which explained 4.6% ofotal variance

In Year2, the relationsips between the three factors were totally differeattor 2
had a negative correlation wiltactor 1(r =-.033)andFactor 3(r =-.34) while the

correlation betweeRactors 1 and3 was 0.25.

In summary, it was found that Year1, apart from th&eneral PA Factor, there was
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a syllabletone factor which explained nearly 10% of overall PA variaht&ear2,
this twolayer pattern changed to a more elaborate flanger construct which reflects
various linguistic levels (smalinit, syllable and tonjeof Mandarin PA. Figure 3.2

presents the transition of the PA construct between Year 1 and Year 2.

Ex_Rim.(.7)
Ex_Pho.(.6)
ImRim.(.5)

T
Ex_Pho. (.1}
Ex_Rim.(.6)
Ex_Ons. (.5) /

EK_S'}'l A.59) [
Im_Ton.{.58) L
|'I_5'r'| A.58) I

Y

7 BTon. (LT

Figure 3.2 PA factorsin Year 1 and Year 2 (with 66% variance unexplained)

The factors that were extracted explained only one third of overaiaP&nce This
wasa relatively small amounit might be #&ributed tothelow reliability of
individual PA tasksind/or the weakelationshipsamongvarious aspects of PA the

PA battery.

In addition, the negative correlation betwégctors 1 and? in Year2 indirectly

implies that the relationships among various segments of PA might follow the pattern
of growth and declinghat is,after a year of literacy educatiarcluding both ZF and

CH, pupils generally developed their smatiit PA which mayreplace their previous
proficiency in largeunit PA, such asmplicit PA at the syllable levedndexplicit PA at

the syllable level

3.2The RelationshipbetweenPA and ooken LanguageSkills

Five measures were chosen to investigate the relationgfwpdreoral language skills
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and PA: a) Semantic Fluency; b) Peabody Picture Vocabulary Test (PPVT); c)

Auditory Memory; d) Picture naming; and e) Psewdwrd memory sparSince the

measure of auditory memory involves auditory comprsber(see 2.3.2), it as

included in the spoken language skillbe nonword span task was also used to

check whether the designiafiplict PA t as ks relied on partici
memory.Before exploring the relationship between PA and oral language skills, it is

necessary to present tescriptive statisticef oral language measwwe

3.2.1 Spoken Language Skills

In Yearl, four orallanguageaaskswere conductediwo of them werenput tasks
@Peabody Picture Vocabulary Téddunn et al., 1981and6 A u d iMenoory yaskd
(Lin & Chi, 2002) Theother two wereutput taskspicture naming andsemantic
fluency tasksln Year2, only the pseudeword memory span task was conducted.

Table3.9 presents all the descriptive statistics forabevemeasures.

Table39Chi | drends performance onintydael spoken
and Year 2
Measure Mean SD Mind Max N
Year 1 Semantic Fluency 13.03 4.42 3131 92
PPVT 112 7.88 871126 94
Auditory Memory(18) 9.92 (55%) 2.66 47 18 95
Picture Namind30) 28.36 (95%) 3.71 81 30 95
Year 2 Pseudeword memoryspan 11.33 4.48 471 22 92

Note: Maximum score and accurate percentage of mean score for each measure are prpaestéteseshen they are available.

* Wechsler score
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Picture Naming

A ceiling effect was found in this task based on its high mean accuracy rate (95%).
Excludingsevenchildren withpersistingspeech difficultyj.e. being not able to
pronounce utteraes accuraty after school ageghere were eightyine participants.

In order to knowif this typicaly developng groupmadespeecterrors further

analysis wagarried outThe most frequent five error sounds dhelir error rats are

presented in Tabl@.10 Four of these sounds were padteolaronset phonemes.

Table 3.10 Fve most fequent error sounds of typically develojng group

Correct sound Produced sound Error rate (%)
Iy N/ 19
5/ /ts/ 12
/5By /ts®/ 12
ph/ p/ 10
Y /s/ 7

Phonemic gors were identified when the correct sowvasreplaced by another
consonant or vowel in a word. Apart fromeffive examples in Tabld.10, phonetic

erros occurred in on} three @rticipants

Four of these sounds were padteolar oneswvhich aremore difficultfor children at
this age (6;6) to prodedZhu, 2008) This may also be due the Taiwan Mandarin
accenin which postalveolarsounds are frequenttgplaced by alveolar oneshich

consequently delathe acquisition of these sounds fbe younger generation

growing up in a Taiwan Mandarin community.

Pseudeword memory span
In the task, children were asked to repeat rayliabic (ranged from 3 to 7) pseudo
words.Only six childrencorrectly repeadfive-syllabic pseudavords oncethe rest

of theresponsewvere limited tathree or foursyllabic pseudavords.The average

11€



score of the cohort wdsl.33 with SD equal ta1.48. On the other handn @verage,
childrencorrectl responded on 2.49 itemsnge between 3 to 5 syllablds order to
clearly present the estimated psewdwrd memory span at Grade Bjldren were
categorisednto various levels according to whether both items in that level were
correctly repeated here were81.5% of children on the thresyllabic level, but only
9.8% of the cohort on the fosyllabic level However, neonerepeateaorrectly both
items on the fivesyllabic level. The floor effect of this level was obvious. The
remaining9.8% of the ohort are those with randomly correct respeswho

therefore cannot beategorisedFigure 3.3 presesithe distribution of thgpreceding

results.
0
9.8 % 8.7% [ 3 syllable
. 81.5 % W 4 syllable
L others

Figure 3.3The distribution of performance onpseudeword memory spantask

Linking pseudeword memory span to PA performance

Theaboveresuls suggest that most of the Mandaspeaking children are able to
repeat3-syllabic new words abrade2. Given the design of Implicit PA tasks,

children might be required to reheatke target sounsh order toidentifying theright

option sharing @ommonsyllable Thus, thamplicit PA at thesyllablelevel task

where children had to compaagwo-syllabic target with three tweyllabic options

may have overl oaded chi |l Hawevarigenwiar ki ng me
implicit syllable tasks hadrelatively high percentage childrenpassing the

criterion of guessingt both yearsit wasnotlikely that this task digverload

chil drends wor k.ilnmother woeditloe rdgsigrncofingainapticit tasysis

aaceptable for childrem thefirst years aschool.



Correlations among Spoken Language Measures
Zeroor der cor r el aamonganaslanguBge measumee ceportad in
Table3.11below the diagonabnd grtial correlations r controlling faronverbal

intelligence were alsoonducted andh®wn above the diagonal.

Table 3.11 Correlations among oral language measuréselow diagonal)with

partial correlations controlling for non-verbal intelligence (abovediagonal)

Measures Semantic Auditory Picture Pseude
fluency PPVT memory naming word span
Semantic fluency - .02 -.03 -.04 .07
PPVT .08 - 17 .05 33"
Auditory memory .06 27 -- 25 23
Picture naming .04 16 26 -- 18
Nonword span .10 327 26 19 --

** Correlation is signficant at the 0.01 level-failed. * 0.05 level Zailed.

This result shows that greater vocabulary gipd*\VT) had a moderate positive link
with pseudeword repetition skill. The result indirectly imigld thatspeeclrehearsal
skills required in learnigp new vocabulary might also be required in the pseucial
span task. Similarly, auditory memory span correlated mildly with psewdd span,
which shows that these two skills both involve a product of speech rehearsal which
relies on auditory working meony spanThe mild correlation between auditory
memory span and picture naming might be explained by the pagdihét storing or

rehearsal accurate representations of words would help a child to name them correctly.

3.2.2 The Correlations between PA andSpoken LanguageSkills

In order to learn whether PA may reflect the integrity of the speech processing system
which underlesspoken language skills, the correlations between PA tasks and spoken
language measures were analysed by partiatiyrolling the influence of nererbal

intelligence.Thezercorder correlationandthe partial correlations controlling for
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nonverbal intelligencare presented in TabB12 and Table3.13 respectively.

Table 3.12 Correlationsbetweenoral language meauresand PA subtasks

Semantic PPVT Auditory Picture Pseudeword
fluency memory naming memory span

Year 1

ImPA_S 13 .06 .02 -.06 -.08
ImPA_P -.06 .05 .00 21 .06
ImPA_O -.05 -.08 19 33" -.07
ImPA_R 17 .07 12 .07 -.04
ImPA_T 17 .08 22 23 .16
ExPA_S 19 13 24 25 14
ExPA_P 15 12 28" 27 21
ExPA_O 20 -.10 21 19 11
ExPA R 27 -.01 23 18 14
ExPA T 23 11 31 13 .07
Year 2

ImPA_S -12 13 -.07 -.14 -.10
ImPA_P .10 -.03 .08 17 .06
ImPA_O -.03 .08 27 13 14
ImPA_R 11 .03 .20 16 16
ImPA_T -.01 .01 16 .09 -.04
ExPA_S 16 18 -.01 -.05 .08
ExPA_P 16 -.08 13 12 -.02
ExPA_O .05 12 19 26 .09
ExPA R 27 -.01 23 35 15
ExPA_T 13 17 A1 12 14

Note: Im: Implicit Ex:Explicit; S: syllable P:phoneme; O:onset; R:rime; T:tone



Table 3.13 Correlationsbetweenoral language measureand PA subtaskswith

partial correlations controlling for non-verbal intelligence

Semantic PPVT Auditory Picture Pseudeword
fluency memory naming memory span

Year 1

ImPA_S 14 -.03 -.06 .01 -.12
ImPA_P -.13 -.04 -.05 .04 .05
ImPA_O -.09 -.13 24 30 -.08
ImPA_R .09 -.05 -.01 -11 -.14
ImMPA_T .08 -.07 14 13 .18
ExPA_S 12 .10 12 33 21
ExPA_P .08 .08 19 23 19
ExPA_O A1 -.21 .05 10 .08
ExPA_R 14 -.13 14 .05 .16
ExPA_T A5 .00 23 .00 .05
Year 2

ImPA_S -.13 A1 -.10 -.15 -.07
ImPA_P .04 -.06 .02 15 A2
ImPA_O -.08 .04 21 A7 A7
ImPA_R .01 -.04 10 .08 .16
ImMPA_T -.08 -.01 A2 .06 -.05
ExPA_S 21 26 .04 -.16 .05
ExPA_P .09 -.19 .09 .00 -.04
ExPA_O -.08 -.10 .01 14 .04
ExPA_R A1 -.07 .18 23 A7
ExPA_T .08 A5 .04 .02 A7

Note: Im: Implicit Ex:Explicit; S: syllable; P:phoneme; O:onset; R:rime; T:tone

As shown in Table 3.13, none of the PA tasks was significantly assbuidke

12C



semantic fluency and pseutimrd memory span although both of them are output
tasks. The result indicates that PA is netessarilynvolved in any speech output
tasks in Mandarkspeaking children. However, being a speech output task as well,
picture naming had the most significant correlations with PAskills, such as

implicit PAat the onset leveéxplicit PA at thesyllable level andexplicit PA at the
phoneme leveah Yearl andexplicit PAat the rime levein Year?2, although the

strengthof correlations is only mild to moderate.

To conclude, the results showed surprisingly weak and inconsistent correlations
betweenPA andspoken language measunedMandarinspeaking children,
particularlyin Year2. This suggests that PA is moreaofnetalinguistic and/or
cognitive skill than a primary linguistic skilln addition, pseudo word memory is

more like a cognitive skill than a primary spoken language skill.

Summary of Results

In this chapterntheresults fomvarious linguistic levels dPA, both implicit and

explicit, are described. Sorbeit not allPA subskills improved substantially during
the first school year, such asplicit PA at the onset levelndexplicit PAat the tone
level. In addition, the development of suprasegmentalsaguinental PA were very
different from each othef.he common factors of PA in Mandaispeaking children
were found to develop in a mulévd way where suprasegmental PA separates itself
from a syllabietone PA factor after a year of schooling. Ladthg relationships
between PA and spoken language skills were weak or negligigneral. Only

picture namindhadcloseassociatioawith many PA sukskills.

3.3 Discussiorof Results
3.3.1 Development o6egmentalPhonological Awareness
The difficulty level and the accuracy rate among four segmental PA, i.e. syllabic,

onsetrime and phoneme, might reflect the sequencesafavelopment in
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Mandarinspeaking children. More specifically, any level acquired earlier would show
a higher accuracy rate andmer difficulty level. Even thougimost PA subskills

improved betweelNear 1 andYear 2, the general patternssefgmentaPA

performance (see figure 3.1) remained the same and corresjdoritle sound

structure of Mandarin (see figure 1figm the large unit PA to the smaller unit PA,

for example the syllable level was acquired earlier tharrimeonset level which

was followed by the phoneme level. The results are in accord with the fixed sequence
of PA progression before schooling in various Eurodaaguages proposed by
previous studiege.g.Ziegler & Goswami200b). In addition, this pattern remains the
same after the first year of schooling. Therefore, the results not only support the
argument that the sequence of segmental PA developmenssdicguistically

universal but also demonstrate that orthography systems and teaching instruction in

Taiwando not improve the phoneme PA more than PA at other levels.

Compared to studies investigating alphabetic scripts such as German where phonemic
PA and onsetime level PA improves more than syllabic PA between nursery (5;11)

and Grade one (6;11) (e.g., Fricke et. al., 2008), the limited PA improvement of
Mandarinspeaking children during their first school year may be attributed to the
syllabic or @misyllabic characteristics of either spoken language (Mandarin and/or
Taiwanese) or written languages (ZF or CH) where phonemic contrast is less

important (Fon et. al., 2011).

Another important theoretical issue of PA development is whether PA dtisnital

levels can only be acquired once formal education stadditeracy instruction

begins In other words, it is proposed in some studies (e.g. Seymour, et. al., 1999) that
small unit PA could be triggered by orthography experience, such as
graphemephoneme mapping. Given that the sound structure of Mandarin adopted in
this study is different from alphabetic languages, a discussion of the range of small

unit PA in Mandarin is necessary.
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Firstly, small unit PA should be segmental and should ext¢helsyllable level.
Therefore the onsetme level (or initiatfinal level: see figure 1.1) is included in

small unit PA even though an onset consonant in Mandarin is always a single
phoneme rather than a cluster. The smallest unit level might be théetlatdnd may
include three medial vowels and two final nasal consonants. However,-ttaies
phoneme level is not very much emphasized in Mandarin, particularly Taiwan
Mandarin, for two reasons: (a) the medial vowels are normally pronounced at a
shoter length and strength, more like a glide bridging an onset to a compulsory
nucleus than an independent unit; (b) as mentioned e@dersection 1.1:1

0 Hngual environmenin Taiward,)merging of the two final nasal consonants was
observed. It mighimply that this small unit is not necessarily contrast to each other in
order to retrieve correct meaning of utterances; consequently, the replacement with a
similar consonant, such s/ A [iM, /iMA [in], became acceptable. Therefore,
although it isclear that the small unit PA of this study includes the eriset and
phoneme leve] it would be interesting tdiscusdurther whethePA at these two

levels was acquired in a similar pattern.

As shown in figure 3.1, PAtmost of the small unievelsimproved significantly,
exceptimplicit PA at thephonemdevel. Formal education facilitates all explicit PA at
small unit levels and implicit PA at onsatne levelat least. In other wordbpth

implicit and explicit PA at the onseime level wasssistedy literacy education,
including ZF and character orthographies. However, PA at the smallest unit level
(phoneme) showecbntradictory resudt after a year of schoolinfmplicit PAat the
phoneme levetontinued to hava high guessing rate bth years anddid not show

any improvement after a year of schoolifrgcontrast, explicit PA at the phoneme

level had an effect size of up to 0.83, which demonstrates a significant development
of phoneme awareneskhe result also implies thatplicit phonemic awareness is

nota foundation of expliciphonemic awareness in Mandaspeaking children.
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A possible interprettion ofthe contradictory resulis that t is very difficult to

acquire phoneme PA in Mandarin via auditory indittere might be onlg limited
proportionof childrenwho are gifted to attain it through spoken language experience.
In addition, the ponemdevelin Mandarin might nobe significanty importart in
retrieving lexical messages from utterancesréfore in Yearl, not onlydid implicit

PA at the phoneme levehve a high guessing rate, but also the accuracy rate of
explicit PAat the phoneme levelas only 29%The significant improvement of

explicit PAat thephonemdevel betweerGradel andGrade2 implied that it was
facilitated by the ZF instructionof symbolizing the medial vowel and syllable ending
with ZF lettersln other words, byisingZF lettersto annotate words comprising a
medial and/or final nasal coda, the skills required to respoedfaicit PAat the
phaneme levetask were improvedn addition, thamplicit PA design might reduce

the influence of orthography experience as it does not require any output response
whichinvolves majorlyZF letter knowledge or spelling skill€onsequently,
performance oéxplicit PA at the phoneme levelould improvesignificantly but

implicit PAat the phoneme levelould not

The different demands made by implicit and explicit PA tasks may require different
skills to respond correctly. For example, implicit tasks ofRAdattery might easily
oveloadchildrenrs memoryspan, particularly when they have to segniess

obvious and/or abstraanits such as a phoneme segmdifteimplicit PA at the
phoneme leveinight not bestimulated to develop durirtge first schooyear.
Thereforejt is suggested thatplicit PA at the phoneme levehouldbe excluded

from thePA battery until a child is beyond th& ear of school. Thanplicit PAat

the phoneme leveéask might not be sensitive or reliable enough to measure the
phoneme PAf childrenat this ageMore discussion of how literacy instruction

interacts with PA development will be examined further in later chapters.
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Another issue is whether small unit PA at the onise¢ level was similarly facilitated
during thefirst year of school. A previous study of children learning Pinyin instead of
ZF showed that PA at trsyllable and riméevelis acquirel before schooling

whereasmall unit PA, such as onset phoneaevelops latewhen the child is

receiving formal edcation(Sue,et. al.,2008. Similar results were found in this study,
where syllable and rime PA had a higher accuracy rate at school entrance in both
implicit and explicit tasks, although the difference betwesgpiicit PAat therime
levelandexplicit PA at the onset leved not statistically significant. In addition, PA at

the onset level had consistently higher effect size than at the rimendncth

implicit and explicit designs (see Fig. 3.1); the performanamplicit PA at the onset

even caght up withimplicit PA at the rime levehfter a year of schoolingherefore,

it seems that learning a phonetic system, whether a ZF or a pinyin system, did help
pupil sbé smal.l uni t P Ahis manbe pttabutedtcregulacr t h e i
corresponding relationships between onset phoneme segments in Mandarin and the
phonetic ZF letters. Thus, children are alerted to the onset segments by mapping them
to their written form. Therefore, the alphabetic rule may be applied to explain why the
onset moneme PA is hugely facilitated after schooling, although the same finding is
normally observed in an alphabetic languages backgresind a transparent

orthography Ziegler & Goswami2005).

3.32 Development ofSupra-segmentalPhonological Awareness

Previous studies have shown that supegmental PA skill improves significantly and
continuously during the first year of learning a phonetic orthography system, such as
pinyin (e.g. Xu, et. al., 2004). In this study, performance on ingplicit PA at the

tone levelandexplicit PA at the tone levénproved most substantially with an effect

size of 1.24 and 1.29 respectively among all PA tasks during the first school year (see
Fig 3.1). In addition, the results of factor analysis showed that after tomepPéves
following the start of formal education, it has its own features which distinguish it

from the syllabletone factor at Grade 1 (see figure 3.2). In other wadoae PA in
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Mandarin shares a common factor with large unit PAgPhesyllablelevel) before

the ZF training course which provides visual symbols of suprasegmental messages in
utterancesTaking a syllable unit to shape a tone contour makesuprasegmental

unit easily been identified as a feature attached to a large segment. ioraaidit

seems to banpossible for children to identify or pronounce a tone apart from a
syllable unit on the basis of only spoken language experience. This feature might
explain why suprasegmental PA would be attained only after the phonetic instruction

starts.

To concludethe results of this study are in general consistent with previous PA
studies of Mandaruspeaking children. The development of PA in both implicit and
explicit aspects during the first year of schooling improves comprehensivesacro
various linguistic levels. Although thelativepattern of performance among levels in
segmental PA is consistent, each level was found to have its own particular features

and seemed to be greatly influenced by ZF orthography experience.

3.33 Relationships between PA andpoken LanguageSkills

Given that previous studies of Englispeaking preschoahildrenshowed that
vocabulary and articulation skills are very much linked to large unit PA and small unit
PA respectivelye.g.Carroll, Snowling, Hilme & Stevenson2003, the relationships
between PA and spoken language skills were further examined. Althongtohthe

five spoken languagskills hada strong link with PA it was found that vocabulary

did have a weakly significant correlation wehplicit PA at thesyllablelevelin Year

2. In addition, picture naming which focused on speech output skills had the most
significant correlations with PA stfasks, includingmplicit PA at theonsetlevel,

explicit PA at the syllable levalndexplicit PA at the phoneme levil Yearl and

explicit PA at the rime leveh Year2 (see Table 3.13).

These results indicate that, even after schooling, those children who had better
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receptive vocabulary span would perform better on explicit syllable PA:€Bluéis

imply that continuous expansion of vocabulary requires large unit PA in children
using a morphayllabic written languageinlike children using an alphabetic
language. A similar situation was observed in the speech output skill. Children who
had letter picturenaming performance not only performed better in small unit PA
tasks, but also iexplicit PA at the syllable leveThisis the major difference from

previous studies focusing on children speaking alphabetic languages.

3.4 Conclusion

In this chapterthe trajectory of PA developmeat various linguistic levels is
preseneédand its theoretical and practical implicaticare widely discussedrurther
reflection on why certain PA tasks improved most after the first year of schooling
requires aletailed review of the orthography experience at this stage. T
orthography systems might require and/or stimulate different linguistic levels of PA
which might predict concurrent or longitudinally achievement of literfloys,
particular PA skillanight easily fade away aftéhe morphasyllabicorthography is

introduced at a later stage.

In the next chaptethedevelopment ofiteracy and naming skilleetween the
beginning of grade one and twwall be presentedfollowed by a discussioof both

theaetical and practical aspects



Chapter 4 Results and Discussion II:
Development of Literacy and Rapid Automatized Naming

This chaptepresents the development of literacy and RAN in the first year of school.
It addresses thisvo research questioms this research topic:

2a. How do literacy and rapid naming skills develop in the two orthography systems?
2b. How does the development of literacy skills depend on the writing systdf use
Discussiorwill include the relationship between ZF and CH litgracquisition and

the developmental pattern of various RAN tasks.

4.1 Development ofLiteracy

4.1.1 Performance onL iteracy Measures Year 1

In Yearl, a number of literacy skills, mainly in ZF script, were assessed, including ZF
letter knowledge, ZFaading accuracy before and after the intensive ZF course, ZF
spelling, ZF schoelide literacy exam and the only CH task, namely character

recognition.Table4.1 presentshedescriptive statisteofeach literacy task Yearl.

Table 4.1 Descriptive satistics of the literacy measuresn Year 1

Measure Mean SD Mind Max N
ZF letter knowledgé37) 33.82(91%) 3.01 21-37 95
ZF Reaihg accuracypr 9.03(38%) 3.25 2-16 92
(24)
ZF Reaihg accuracypo 12.13(51%) 3.40 5-20 94
(24)
Character recognitio 51.78 18.48 0-95 91
ZF spelling(20) 12.15(61%) 208 519 91
Schootwide literacy exam 92.94(93%) 6.51 69-100 96
(100)

Note: Maximum score and accurate percentage of mean score for each measure are prpaestéteiseshen they are availadl

* pr: BeforeZF course ** po: After ZF course®**: T score (Mean = 50, SD = 10)
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ZF Letter Knowledge

For ZF letter knowledge, the average correct rate948s, showng thatmost of the

cohorthaslearnedthe majority ofZF lettersound mappingulesbefore thg enter

primary schoolln order todiscoverwhat processing clianges they met when

naming a letterananalysiso f ¢ hi | dwas codlsctedeZF leterswith ahigh

error rate (higher thab5%) ardisted inTable4.2. The ype and ratef errorsare also

presented in the same table

The most commoarrors made by thcohortmaybe categorized to three types:

Segment substitutionhe correct letter name is replaced by another letter
name, or a similar segment is used in its |lettane.

Similar symbok: the correct letter name is replaced by the name of a ZF or
English letter which looks similar to the target letter.

Erroronthesound structure level: the difference between the error and the
correct answer is a missing segmentnsegts pronounced in reverse order,
or a different level of grain sizehildrengave an incomplete letter name, or
reversd the order of phonemes theletter nameor added an extra medial

before a syllable ending

Table 4.2 Error type and rate on ZF letter knowledge task

No | Letter IPA Errors Error rate (%)

Segment substitution (Sub);

Similar symbol (Sy); Structure (St)

1. |
2. R
3. 4
4. |5
5. 5
6 T
7. L

le/ St: /ei/, /ie/ 34
fou/ | St:/of, ho/ 34
/t{Pe/ | Sub:/tsPo/, tso/, /t{s/ 21
/tsPa/ | Sub:/t{Pa/, /tsa/, /sa/ 19
/an/ | Sub:/ay/,/en/, / en/ 18
Sy: %

St: /a/, /a/
/tso/ | Sub:/tsPe//t{s/ 16
i/ Sub: /a/ 16



In addition, a large proportion of the cohort misarticuldtedetter sound/Ad. This
wasthereforenot counted as an error duritige scoring since it isnot atypical for
this age groupo misarticulate itOnly 1% of he responses to letter naming could be

attributed to speech difficulties or were hard to classify.

ZF Readng Accuracy

For theZF readng accuracy taskwhichwasmeasured twice withneightweek
interval, the averageorrectperformance increased fron03 (Pr) to 12.13(Po) (see
Table4.1). The paired samplest¢éstshowed this difference was both statistically and
practicallysignificant, with a high effect size: t (91) = 9.63, p <.001, d = 0.988:
result indicated thaZF reading accuracy did temol improve aftethetenweek

intensve ZF course.

In addition, in the E reading accuracy tasks, two kinds of distracters were embedded:
phonclexical and visual distracterhe phoneexical distracters are true words with

a phonological and/or lexat similarity to the target. The visual distracters are
pseudewords that are visually similar to the target. The descriptive statistics are

presented in Tablé.3.

Table 4.3 Descriptive statistics ofchoice ofdistracters on ZF reading accuracyin
Year 1

Choice ofdistractes Mean SD Mind Max N
Pr_ phonelexical 1.17 1.45 0-6 88
Pr_ visual 91 1.29 0-7 88
Po_ phonalexical .96 1.44 0-7 90
Po_ visual A7 .93 0-5 90

Note: pr: before ZF course; po: after ZF course
Further analysishows that chilren made fewer visual than pheleaical errors, both
before ZF courséZ = 2.08, p < .05) andfterZF coursgZ = 3.58, p < .01) (data

analysed using Wilcoxon signednk test). There was rsignificant difference
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between the number of photexical errors at beforeandafter ZF coursebut the

number of visual errors decreased significantly ftzeforeto after ZF course

(Z=3.24, p< .01). The above results impthat the intense ZF course might
effectively strengt hen ZFlorihbgthphpmogssingZ F r e a (
The fact that recognition of ZF symbols improved within such a short period of time
mightbepartly attributed to the high accuracy rate of ZF letter knowleldgeeover,

it mayalso be attributed to the relatively fewer strokkEsach letter and consistent
graphemephoneme mapping. Since it was evident that pupils were familiar at

recognizing ZF wordafter the intensive ZF courstneir correct ZF writing was

expected.

ZF Spelling

The ZF spelling tsk comprising real and psewdords in either regular or irregular
spellings was the only writing task used in this stirlyprder to make sure children
had developed sufficient writing skills to complete this task, it was not carried out
until the 11" week.Five studentsvho failed the task completely (with a score of zero)
were excludedrom the analysisThis group of students was from the same class and
happened tsit close to each other. They misunderstood the ingiruahd wrote

only onset letters, instead of whole wards

The averagspelling accuracy was 61%able 44 presents descriptive statistlc
resultsseparately for each of the four categories of itérhe accuracy was
significantly betteion true words thamn pseudewords ¢ (90) =7.12p < 0.Q), and

for items with regularatherthan irregular spellingg (90) =2.57p < 0.®). In
addition, no writing error, such asrecognisedF or no ZF scripts, was found in the

ZF spelling task.
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Table 4.4 Accuracy of spelling on truevs pseudewords, and on regularvs
irregular spellingsin Year 1

Measurg(max) Mean SD Mind Max
Trueword (10) 6.82 1.80 3-10
Pseudeword (10) 5.33 1.79 1-10
Regular spelling10) 6.33 190 1-10
Irregular spelling10) 5.82 1.62 1-10

The above results show that for these childex@iage age 6.7), after intense learning
of ZF, activating the togdown lexical knowledge (true words) to spell out what they
heard was easier than the bottapiprocessing (pseudords) relying on
phonological informatiomnd online sountetter mappingrocessThe resuls

suggest that children are not capabllgeneraligng the spelling skill to novel words
after the intensive ZF course. In other wsiiflthe target of ZF training includes
applying the spelling skill to write down novel words or u#teces ratherthanonly
reading ZF wordghen further training would be needed in order to achieve this.

In addition, the difference theaccuracy rate between regular and irregular spslling
is reasonable; regular spelling items were combined by seftiedsin which
soundletter was consistently mapped to each othbich was easier for the cohort
than irregular spellingwhich required more iterapecific lexical and orthograph

knowledge to complete the correct spelling.

However, the above regsimight alsdedue to the different difficulty levelThe lack
of alexical route or sountktter mapping makes pseudw irregular words less

familiar and harder.

Schoolwide Literacy Exam
The first schoclwide literacy exanfsee 2.3.4 for detailsyasintendedo testthe

resultsoft hi | dr e n 0 afteiihe interesigerteweek apurseAll the items
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were written in ZF and all students across classes took the same examination.
According to the result, the averagecuracy was high, up to 93%igndard deviation

=6.5]). Thus,most of the students performed well in this scheimle exam.

4.1.2 Performance onL iteracy Measures Year 2

Table4.5 presents the descriptive statistiddhe measures administeradyear?2.

Table 4.5 Performance onliteracy tasksin Year 2

Measure Mean SD Mind Max N
Readng accuracy of ZF_YZ224) 12.72 (53%) 3.26 321 92
Readng accuracy ofcharacter (24) 13.51 (56%) 293 521 91
Character recognition 55.45 13.76 2990 92
Charactetegalityjudgement_speed 58.69 13.27 32110 92
(sec)

Charactetegality 17.29 (86%) 1.98 9-20 92

Judgement_accuracy (20)
Readingcomprehension 60.49 6.09 32-66 92
Schoolwide literacyexam (100) 94.98(95%) 5.33 62-100 92

Note: Maximum score and accurate percentage of mean sc@ach measure are presentegarentheseshen they are available.

*. T score (mean 50, SD= 10)

ZF and Character Readng Accuracy

In Year2, both theZF readingaccuracy tasknd thecharactereadingaccuracy task
sharingthe same design were adnsitered Both are speedccuracy taskg\ccuracy
performance on the Chinesbaractetask was slightly yet significantly better than on
the ZF task: t (90) = 2.57, p = .01%ince materials in both ZF acHaractetests

were pictures of highfrequencynouns this difference maypossiblybe attributed to

the accessing and/or processing of the deerthography systemshat is, processing

semisyllabaryZF letters into words too&longer time thaprocessing
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morphaosyllabic charactes.

Table4.6 pregntthe descriptive statistics of two types of errors, visual and
phonaclexical,on ZF and CH readingccuracy taskis Year2. Comparisons of the
errors between two types of distracters, visual and pleacal, on theZF and CH
readingaccuracytasks ly theWilcoxon signedranks tesshowed significantly more
visual errors than phorexical errorson both tasks (ZFZ =3.91, p<.001; CH:Z =
3.80, p<.001).

Table 4.6 Errors on ZF and CH readingin Year 2

Mean Std. Deviation Min- Max N
ZF_ phonelexical A7 .81 0-4 91
ZF _visual .92 91 0-5 91
CH__ phonelexical T7 1.01 0-5 91
CH_visual 1.47 141 0-5 91

Moreover, comparisons of photexical and visual errors between ZF and CH

reading accuracy tasks were conducted. The results showed thphbotiexical

and visual errors were made significantly mofien on the CH tasthan on the ZF

task (phondexical: Z =2.42, p < .05; visual: Z 3.73, p <.00)The resulsimply
thatGrade Zchildren (averagage 7.7), after a year of literacy eduwan, were more
easily distracted by visual than phonologiicgdut, no matter what kind of

orthography they rea®honologicaldecodingseemedo benolongeran influential
processingln addition, more error@ere made, no matter which type of erronsthie

CH reading accuracy task than the ZF task. This implies that CH is a relatively more

difficult orthography to identify correctly than ZF for children at Grade 2.

ZF readng accuracy was the only task whislasmeasured three times: at the very
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begnning ofthe ZF course Y1_pr), afterthetenweek ZF courseq(1_po), and a year
later(Year 2. Table4.7 presents the mean and effect size across these three

measurements.

Table 4.7 Mean and effect size of ZF reading accuradMax=24) across three

time points

Time point Mean SD Co h edn
Yearl before ZF course 9.03 3.25
Yearl after ZF course 12.13 3.40
Year 2 12.72 3.26
Compae Y1 _pr & Y1 po= 0.93
Compae Y1 _pr & Year 2 1.13
Compae Y1_po & Year 2 0.18

*Y1_pr: Year 1 and bforeZF course ¥* Y1_po: Year 1 and fier ZF course

In order to know whether these changes were statigtgighificantor not, repeated
measured ANOVA was taken to examthe differencen ZF reading accuracgtthe
three time poi ntatdthaMe wvaridntey di differerees amongrthi ¢
above measuremext three time points were not significantly differéeft(2) = 1.08,

p > .09. In addition, he results showed that performance on ZFinggalccuracy was
significantly influenced by thkength oftime of schoolindF (2,172) = 59.86, p < .00

Post hoc tests showed that performance on ZF reading acetfitexc¥F course

(Y1 _po and T3 were statistically better thparformance on ZF reading accuracy

before ZF courgp < .00]). However, no difference was observed between

performance on ZF reading accuradier ZF coursén Yearl andYear 2(p =.53).

According to the above resulthechildrerds ZF r eadmpmgedaccur acy

significantly after completion of the temeek ZF training buthenit remained at the

13t



same level for a year whilst they were continuously exposed to ZF orthography in

literacy educatin.

Character Recognition

For theCharacter recognitiotask, tie cohort performeanoderatelybetter(M =

55.45) and showed greater variability (SD = 13.76) compared to the population norms
(M =50, SD = 10) (d = 0.45).

According to the average scorejldren perforned bettelon character recognitioim
Year2. A paired ttest wasusedto compare the differenée performance within
individuals. It showed a significant but small improvement from Year 1 to Year 2: t =

3.08, p <.01, d = .23.

Character L egality Judgement

Performance on the legalifydgementask in the year 2 sample (M = 86.45%) was
very similar to that reported by Wang, PerfatidLiu (2005) in their Grade 2 sample
(M = 86.6).

The design of the taskscludedtwo subtasks(a) position of radicas, and(b) stroke
arrangement of radicalTable4.8 presents the descriptive statistietated to these
subtasksA paired samplestest showed that children did betterjpdgemeng about
form (b) thanjudgemerd about positioifa), both interms of accuracy (t = 7.66, p
<.01) and speed (t = 8.56, p <.0Ihe resuls suggest thaihe sequence of character
knowledgeacquisitionis thatthe form of radicalss acquiredbeforethe structure of

characters
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Table 4.8 Descriptive statistics fo the subtasks ofcharacter legality judgement

Measure Mean SD Mind Max N
Position_speed (sec) 64.24 17.62 32-136 92
Form_speed (sec) 53.14 10.90 31-83 92
Position_accuracy20) 16.20(81%) 2.42 9-20 92
Form_accuracy20) 18.38(92 %) 240 4-20 92

Note: Maximum score and accurate percentage of mean score for each measure are preseettddseshen they are available.

Reading Comprehension

The published test adopted for reading comprehensiommgasally designedor

yearl pupils (averagege 6.7)since this task was administered only one and a half

montts after the beginning of the second school year. fitagexplain partlywhy the

average performance of the cohort was higher than the mpmore than 1 SD.

However, in another way, fordise children perforing at the lower end of this cohort,

it wasevenmore possible that they did lag behind and might have some difficulty on

those literacy skills related to reading comprehendibrs issue will be discussed in

more detailaterin Chaper 6.

4.1.3 Thelmpact of Background Factors onL iteracy Measures

Given the nomormal distributiorof performance ititeracy measures generally

non-parametric testwill be usedo analyg the impact of background factors such as

age,nonverbal inteligence, and scho@nvironment. It is notable that family and

language environment showed impacton the literacy measures Byuskal Wallis

Test(all p >.05) in this study.

Age

In order to check the impact of age within each y®@g,e ar man@swas or r el at

adopted to find ouf literacyme asur ement s

changed

wi t h
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resultswith statistical significancarepresented in Tabl.9. Only performance on

schootwide exams in year 1 and 2, and on ZF reading accuracy post ZF course in

year 1 significantly correlated with agehese results suggest that younger children

performed less well in the exam situation regardless in Grade one or Grade two.

Table 4.9 Significant correlationsbetweenliteracy measures andagein Year 1

and Year 2
No Year 1 Year 2
Measurement Is Measurement s
1. School exam .21+ School exam A
2. ZF reading accuradyefore .10  ZF reading accuracy .09
ZF course
3. Character recognition .18  Character recognition A7
4, ZF letter knowledge -.07
5. Spelling -.06
6. ZF reading accuracgfter .26+
ZF course
7. Character reading A1
accuracy
8. Comprehension A7
9. Radical_place RT .10
10. Radical_place_accuracy -.04
11. Radical_form_RT -.01
12. Radical_form_accuracy .12

** p<0.01, * p<0.05

Non-verbal intelligence

Six literacy taskgorrelated witonverbal intelligencésee Tabl&l.10). The
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strength of the relationships was weak to modeFaiethis reason, it may be worth

controlling for nonverbal intelligence ithe subsequent analyses.

Table 4.10 Correlation between nonverbal intelligence (TONI) and literacy

variablesin Year 1 andYear 2

No Year 1 Year 2
Measurement I's Measurement I's
1. School exam .29+ School exam 25
2. ZF reading accuradyefore .25 ZF reading accuracy .28
ZF course
3. Character recognition .32+  Character recognition .28
4, ZF letter knowledge 31
5. Spelling .18
6. ZF reading accuracgfter A7
ZF course
7. Character reading A2
accuracy
8. Comprehension 33
9. Radical_place RT -.05
10. Radical_place_accuracy .05
11. Radical_form_RT -.15
12. Radical_form_ accuracy A1

** p<0.01, * p<0.05

4.2 Development ofRapid Automatized Naming
4.2.1 DescriptiveSatistics of RAN: Year 1
Table4.11 presents the descriptive statistics of diggt and object naming tasks

administeredat the first yeaThe average speed of the digBi&AN wassignificantly
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faster (t = 18.9, p <01) thanthat ofthe object taskin addition, a negative moderate
correlation was found between age and object RA$paed (r =.30, p <.01). That

is, younger children perforislowerthan their older peer group.

Table 4.11 Descriptive statistics for RANin Year 1

Measure Mean(sec) SD Mind Max(sec) N
Digit 37.1 12.18 1671 78 94
Object 59.8 16.86 317 118 94

It is noteworthy thamany childrerwould make a few selfcorrections spontaneously
and/or slowed down naming speed to increase the accuracy rate during the naming
tasks. It implied thathe auditory monitoringskill, such a®nline checking the
consistencyetween their speech target and production, had developed for school

aged children to enabthe above adjustment.
4.2.2 Descriptive Satistics of RAN: Year 2

Apart fromthedigit and objecRAN tasks, ZF andharactelRAN were addedh Year

2. Table4.12 presents the descriptive statistics of all RAN tasRéear?2.

Table 4.12 Descriptive statistics for RANIn Year 2

Measure Mean(sec) SD Mind Max(sec) N
Digit 31.32 9.18 16-66 91
Object 53.07 12.36 30-89 91
ZF 39.87 9.32 24-67 90
Character 34.24 7.41 19-60 91

The average spegedn digit, ZF and charactearamingtasksweresimilar, while
naming of objects took considerably longepaired ttestwas administered to check

the relative speed for these four subtgskeTable4.13). Spontaneous
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sdf-corrections were observearticipantsended to restart and repedew letter

nameswhile self-correcting.

Table 4.13 Speedmeasured in secondsf RAN subtasksin Year 2

Speedseq
.00

Digit < Character <% ZF <00 Object

Regarding the devetment of RAN, a compativeanalysis of digitnd objecRAN
betweenyear 1 and Year @as conductedrhe resuks showed a statistically
significantand moderatemprovemenin the speed of naming digits<£ 6.63, p< 0.00
d = 0.56).However, here was ngignificant improvement in the speed of naming
objects.Thisindicatesthat the first year of schooling was quite helpfulmproving

the fluency of reading on digits, but raijects

It is noteworthy that during the ZF naming task, many childrenqanoced two
consecutive letters together, or even combined the target letter with its previous letter
as a syllable. The results indicate thaZka phoneticorthographya series of ZF

letters wouldautomaticallytrigger syllabic synthesisoth backward and forwards,

which was not found ithe character tasksits scripts were only processed

individually. Moreover, some of the children mistakenly namédrdetterin English

more than once in a single tascaus®f visual or phonological similaritydiween

ZF letters and English letters. The results show that pupils at Grade 2 were easily
confused by the situation where the same letter can be mapped to more than one

sound.

After demonstrating the descriptive statisticditeracy and RANthis chaper will
presenthe intrinsic relationships among literacy or RAN tasks. The raw scores were
converted tonormalise scores for further comparison across various measurements

by using Bl omés proportion estimation f ot
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4.3The Correlations amongL iteracy M easures

Zeroor der cor r el aamonglitesacyhdasuied YearhandYear Jare
reported in Tabld.14 and4.15 below the diagonal. Given that neerbal intelligence
wascorrelated with a few literacy tasks, partial correlations r betwiteracy tasks,
controlling for nonverbal intelligence, were also carried antd presented above the

diagonal The following description is based mainly on the partial correlations.

In Yearl, the majority of the tasks shownTable4.14hada mocerateto strong
relationship with each other and edirrelations wergositive. To see ithese literacy
measures are testing the same set of literacy skifector analysis was conducted
Data screening confirmed the adequacy of factor analysisdg@résented cohorts,

I.e., the KaiseMeyerOlkin measure verified the sampling adequacy for the analysis,
KMO=.79; all KMO values for individual items were 51. Single construct of the

above literacy measuress identified asontributing 47% variance
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Table 4.14 Correlations betweenliteracy measuresin Year 1 (below diagonal)

partial correlations controlling for non -verbal intelligence (abovediagonal)

ZF letter School Spelling ZFreading ZF reading Characer
knowledge exam accuracy_pr accuracy _p  recognition
# o
ZF letter - 36" 26 27 19 13
knowledge
School 397 - 20 43" 40" 417
exam
Spelling 327 27 -- 317 A1 .15
ZF reading 26 48" 317 - 50" 54"
accuracy_gr
ZF reading 21 42" .18 49" - 397
accuracy_pt
Character 23 50" 18 61" 39" -

recognition

** Correlation is significant at the 0.01 levelt&iled.

#ZF reading accuracy_pr: ZF reading accuraefore ZF course

# 7F reading accuracy op ZF reading accuracyfter ZF course

* 0.05 level Zailed.

However, a few pairs of nesignificantcorrelationsare noteworthy. FirsthyZF letter

knowledge correlatedith ZF reading accuracgt Y1before ZF coursenly and had

no significant correlation with ZF reading accuraty'1 after ZF coursend CH

recognition. The reswdindicate that théndividual variation of ZF letter knowledge

decreaseduickly or there was a ceiling effect on ZF letter knowledfjerthe

tenweek intense ZF course. In addition, ZF spelling did not correldbe#F school

exam, reading accuraeyY1 after ZF cours@nd CH recognition, but haamoderate

correlation withreading accuracgtY1 before ZF courseSincethe ZF spelling task

relies heavily on auditory processing, segmenting and sledted mapping skid, the

results might imply that the longer the formal education received by chittieen,

more independent processithgre isbetweerspoken and writtelanguage.
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In Year2, literacy tasks were not closely correlated with each other. In particular, the
character legality variables did not significantly correlate with school exam, character
recognition and reading comprehension results. Therefore, further factor analysis was
necessary. In addition, reading comprehension did not correlate with&itbeCH

reading accuracy. This result might imply that decoding ZF anev@idshad

reached levelof fluencywhich is sufficient for reading comprehension among

Grade 2 children

Table 415 Correlations betweenliteracy measuresin Year 2 (below diagonal)

partial correlations controlling for non -verbal intelligence (abovediagonal)

School ZF CH CHrecog Reading Radical_  Radical_  Radical_ Radical_
exam reading reading nition compre place_RT place_ form_RT form_
accuracy  accuracy hension accuracy accuracy

School

-- 37 22 35 AT -.15 -.07 -.16 -.01
exam
ZF reading accuracy 24 -- 49" 27 13 -.26 .06 -35" .00
CH reading accuracy 11 54" - 407 .09 =31 .10 -30° .03
Character recogniton .22 27" 46" -- 26 -.20 -.09 =21 .04
Reading comprehension . X . "

52 21 21 34 -- -12 -.02 -.02 -.02
Radical_place_RT -.03 -.26 -.30" -.19 -12 -- -.07 72" 24
Radical_place_accuracy -.09 .07 .10 -.06 .00 -.05 -- -.08 307
Radical_form_RT -05 =37 -33" =21 -.05 73" -.07 -- .19
Radical_form_ accuracy .02 .03 .07 .08 .03 .26 .31%* 21 -

Data screeningf all literacy tasks$n Year2 was adequate for factor analysibeT

KaiserMeyer-Olkin measure verified the sampling adequacy for the analM©
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= .65. In additon, all KMO values for individual items were $9. Not surprisingly,
two factors, character legality measures and other literacy tasksibuting54%
variancein totalwerefound 19% and 35% for the above two factors of variance
contribution, respeactely. This result suggests that character legglidgements
probably an implicit skill acquired later when sufficient orthographic knowledge is

established.

Sability of Literacy Scores Over Time
For those taskthat were testetwice or more corrdations werecalculated to
discoverthe level of stability underlying the same taskliferent timepoints.The

results are presented in Table 4.16.

Moderate correlationsere foundamongmeasurements &F reading accuradgken

at three time pointd'he results indicatthat, althoughthere wasa common
processingf ZF orthographidecodingunderling ZF reading accuracy #tree time
points,only a moderate degree of stability in scores over a period of one year was

observed.

Table 4.16 Correlatiors betweenliteracy measuresin Year 1 and Year 2

ZF reading ZF reading CH recognition Y2
accuracy_ accuracyY?2
Y1 pag*
ZF reading
A9 A4 --
accuracyY1l pr
ZF reading
-- 40~ --
accuracyYl po*
Character
- -- 87

recognition Y1

#ZF readingaccuracyY1_pr: ZF reading accuradyefore ZF coursin Yearl

# 7F reading accuracy1_po: ZF reading accuracgfter ZF coursén Year1l

14%



Regardingcharacter recognition, tHagh correlatiorbetween Year 1 andesr 2
results indicatethat, while a yeaof literacy instruction did result in improved
Chinese character recognition (see previ

this task remained very stable.

4.4 The Relationshipsamong RAN Tasks
Table 4.17 presents therp-order correlation (Reson r) of all the subtasks RAN
in Yearl and Year 2Since no correlation was found betw&&hN and norverbal

intelligence, there was no reason to confivokhis background factor.

Table 4.17 Correlation betweensubtasks of RANin Year 1 and Year2

Year 1 Year 2
Digit Object Digit Object ZF  Character
1*'  Digit -
year Object 61 -
Digit 70+ 52 --
2" Object S5l 6 T2« -
year ZF 55+ A2 1= 67 --

Character .64+ 53 79 T2 82 --

** Correlation is significant at the 0.01 leveH@led).

Despite a yeds interval, correlations from moderate to very strong were found
among these RAN tasKBhisindicatesthatall RAN tasks tap a similar process
However,the highest correlation betwe&f and CHsultaskscompared tdhe lowest
correlation between ZF and objettitasksindicates that orthography tasks require

slightly different skills from th@bjectsultasks

4.5 Discussion
The findings suggest that there are differencésemanne of soundscript mapping

andphonologicaldecodingprocesdetween different orthographies, suchz&sand
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CH. Therefore, it is important to discuss the differexingheir acquisition to know
whether and how it ibeneficialfor pupils to learn Zfprior to CH. In addition, the

reasons for the varioyerformanceon RAN taskswill be discussed.

4.5.1 Development oAbility to Read ZF and CH

ZF Literacy Acquisition

As mentioned earlier, the traditioreghproachof sound structure in Mandarin was
applied(see section 1.1.1.1pr it matches moreloselythe methodof spelling with
ZF (see figl1.1). Instructionn using ZF orthography is giveo pupilsat the
beginning of schooling tteach them to spelords they knovwandto help them teach
themselvesiovel words written in characteldswas surprising to find that the
accuracy rate ofF letter knowledgevas highat school entrang®1%). In addition,

it was foundthatmost children became fairly accuratedif reading and spellingfter
only ten week of ZF instructionin other words, pupils improved their recognition
and reading of ZF after the intensive ZF course under the condition where their ZF

letter knowledge was well establish&dpreschool stage.

Also, the contrast between two types abes made in ZF reading accuracy tasks
across three time points is noteworthy (see Tables 4.3 and 4.6). The number of
phonaclexical errors consistently decreased across three time paids ©@6and .47)
while the visual errors increasedYear2 (.91,.47 and .92). Particularly the average

rate is similar at the last two time points, i.e., post the ZF course and the beginning of
grade two. The decreasephonaclexical errors suggests that, as pupils gained more
experience in ZF reading, the correctaging of larger units of ZF written words,

such as the twayllabic ZF words of the ZF reading accuracy task, became easier.
This result is in line with the hypothesis proposeg$ycholinguistigyrain size
theory(Ziegler and GoswamR005) On the othehand, the increase in visual error

rate indicates that the detailed identification of ZF words became less dominant when

pupils became used to reading ZF words on theJangdevel. Another possible
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explanation ighat it took intensive training to @nease and/or maintain the accuracy

in detailed identification of ZF words.

Lastly, according to the errors made in ZF letter namsggment substitutiosymbol
confuson and unfamiliarityof sound structuresepresented by lettevgere the three
majorchallengedor pupilsin correctly appling soundmappingknowledge. With far
more stroke®n averagen characters thamm ZF letters, it is not surprising that &
previous studypy Wang, Hung, ChangndChen(2008) characters were found to be

acquiredgradually acrosall six gradesn primary schoal

CH Literacy Acquisition

According to the resultgresengd in this chapter,acrectly decoding Chinese

characters strongly emphasizes visual processing. Regarding tbeltgifior pupils

of decoding characters, the results on accuracy in character reading may be
informative. In this task, the visual distracters adopted are illegal characters similar to
the target ones but differing from them in missing or displacing oheastrokes.

The relatively higher rate on the visual errors compared to the phonottsgiczil

errors in the task (see Table 4.6) indicakegchildren tended not to identify in a

speed test whether all strokes of a character are included andlgqiamed

However, tlis result does not necessarily imply tlaatareness of the structure of
characters might develop from the large unit, such as character and/or radical level, to

the stroke level, including the placement and number of strokes.

The esults of the legalitjudgementaskshow thathe implicit knowledge of radical

forms of characterwasacquired earlier than radical placemenYear2. The foils in

the form subtask are the single characters with similar outlook but with a few strokes
missed or displaced (see Figure 2.5). The resulettie demonstrasethat pupils had

better awareness on the stroke level than the radical level, which is concerned with the

right placement of certain radicals. Thus, it is suggested that awarenbsaof@ ct er s 0
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written structure develops from small to largets, similar to the direction of

development in ZF word reading.

In the studypy Wang, PerfettandLiu (2005 of thelegality judgementask
participants were recruitdcom among immigrantdmilies living in Washington, DC.
They received English education at school, but spoke Chinésenatand attended a
Chinese weekend schoélso, only simplified characters were taudhis likely that
their parents were highly educated and high socio-economic status. In contrast,
our sample received Chinese literacy in a mainstream school with a widgwana
family background and literacy exposure at hoie fact that there wasn
difference in Chinese character knowledgeongchildren greving upin such
diverse family and educatiahbackground shows thatcharactetegality judgement
might not be influenced by social related condsiahchildren are exposed &
sufficientlevel of Chinese characteislso, how character knowledge iscamulated,
whether in a traditional or a simplified form, seembaauniversaind dependent

only on its script features

4.5.2 Variable Performance among Rapidutomatized Naming Tasks

In Year 1, the difference in speed between digit and object wgaiasks was
statistically significant , i.e., faster on digit RAN (see Table 4.11). This result was in
line with previous studie(g., Liao etal., 2009 and indicated that, as early as
school entry, access to graphological information (digit task)eaagr and therefore

quicker than access to ngnaphological information (object task).

In Year 2 ZF and CH naming tasks were added. In ordeptdroltheabove
confounding factor oflifferentnumberof items in a line betweeasks, the

arrangemenodf itemsin theZF and CHnaming taskseplicated the object naming
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task. Similar to the results of Year 1, it was found that children performed faster on
thegraphologicatasks (ZF and CH) than tim®n-graphologicabbject task (see Table
4.13). The difference in processing level betwebka two kinds ofapid naming was
reflected in the correlation analyses (see Table 4.17) where the lowest correlations

were between object naming and three other RAN tasks.

This difference may be due to a liradset ofdigit stimuli which have highlrequency
exposure in daily lifas suggested by Wolf (199Dr lesser perceptual complexity for
graphological stimuli (Liao, et. al., 2008jowever, in the current study, the
difference might also be attributed to othemszss. For example, the arrangement and
complexity of visual stimuli in the digit and object naming tasks were différemt
each otherln the study, both digit and object tasks comprised of fifty items, but the
number of items in a row was different: divor digit anden forobject tasks (see
appendix 2:12 and 2:13). Moreover, compared to the digit task, the symbol or layout
of the stimuli in the object task is more compl€kerefore, further evidence of
whether graphological RAN with higher automairdevel generally is a better
predictor of reading performance than rgmaphological RAN will be discussed in

Chapter 5.

Furthermore, it is noteworthy that childrparformed better orf€H rapid naming than
ZF (see Table 4.13), despite the followingttas: (a) longer exposure to and/or

higher familiarity withZF lettersfor Grade 2 pupils; (b) a relatively constrained set of
symbols inZF orthography (i.e. only 37 ZF letters); fewerstrokesin ZF stimuli.

The results replicated what has been foungrevious studies (e.g., Liao, et. al., 2008)
and were attributed to the difference in perceptual complexity or the higher level of

automaticity in processing between wetlown characters and ZF symbols. Since the
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two tasks also differed as to whethexital information was being assessed (i.e. letter
vs.single character word), the efficiency in naming characters could also be attributed
to excitatory lexical accessing compared to rapid naming of lett&is (Btainthorp et

al., 2010. This evidencef the difference between ZF and CH RAN performance
suggests the role of RAN varies as a function of the orthography system (Liao et al.,
2008), and will be explored further in the next chapter, which deals with predictors of

reading.

4.6 Summary

This chapterhaspresente@nd discussethe development of litera@gndof RAN in
two orthography systems. In the next chapter, the pr@gicfliteracyskills,
including spoken languagBA, andRAN, will be analyedanddiscussed withirthe

literacy educatin context in Taiwan.
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Chapter 5 Results and Discussionll :
The Predictors of PA andL iteracy Acquisition

This chapter covers the third topic of the study and addresses the following research
questions:

3a. How are literacy skills in Grade 1 and 2 prestidoy measures of PA, RAN and
spoken language?

3b. How is PA in Grade 1 and 2 predicted by measures of spoken language, literacy
skills and RAN?

The chapter will firstly present results of correlation and multiple regression analysis

followed by discussins of how these results link to the above research topic.

5.1 Correlations ofAll Measures in theStudy

In orderto know thestrengthof association betweeall pairs ofmeasurs of the study
correlation analysis was conducted ifadividual tasksandPA factors The results are
presentedn Table5.1, 5.2, 5.3 and 5.4°A factor scores, rather thamresof PA
subtaskswere used heras the former have higher construatidity. Before the

correlation analysis was conductealv scores on all varigégs were transformed to
normali ze their distribution. Bl ombds pr oj
raw scores into normalized z scores (i.e. z scores derived from percentile ranks under
the assumption of a normal distribution), was usdiegr nonverbalintelligencewas
partialled out (Table 5.4 all and Table 5.1 & 5.2 above diagamalt ofthe

significant correlationsveremoderate in strengtlrew correlationsvereeither strong

or very strongand most of those were found in speed tasks ks &saringhe same

orthography, either ZF or characters
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Table 5.1Correlations betweentasksin Year 1 (below diagonal) and partial

correlations controlling non-verbal intelligence (above diagonal)

Year 1 vs Year 1 Literacy PA factor BAN spoken language
EEl g |2 B g & § £ g 2 2 F 3 § E
u— = = — ™_ = = ~
SEl | 8| €|5|2|a & §| T &g 5|33
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1" = = g 3 = = 3
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Table 52 Correlations between tags in Year 2 (below diagonal) and partial
correlations controlling non-verbal intelligence (above diagonal)
Literacy PA factor RAN S L.
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5.3 Correlations between tasksn Year 1 and Year 2

Y1ve Y2 Literacy PA factor BAN 5 L.
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5.4 Partial correlations controlling non-verbal intelligence between Year 1 and

Year 2
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5.2 Multiple RegressionAnalyses of Prediction of Literacy

Given the longitudinal design of the study, it was possible to examine causal
relationships among skills by conducting multiple regression analyses. In addition,
concurrent relationshgpwere als@nalysedo discover whether any clusters of tasks

or factors were closely linked.

Two-stephierarchicakegression was conducteda longitudinal analysi® discover

(a) the proportion othe outcome variance explained by a given preditttep 1);(b)
theunique variance explained by a given predictor by controlling all other predictors
(step 2) TheR squared change each variable showing the individually predreti

contribution was examined after each step.

Predictors of ZF reading accuracy after tenweek course

A follow-up study was included in Year 1 to trace the development of ZF reading and
spelling during the first ten weeks of formal instruction (see Table 2.8). Multiple
regression analyses were conducted and the resulsrarearisedn Table 55.

Given that RAN and spoken language measures were measured only a few weeks
before the dependent variables, any predictive effect which they had was more likely

to be concurrent than longitudinal.
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Table 55 L ongitudinal predicti on of literacy skills after ten-week ZF course from
tasks at the beginning ofGrade 1: Multiple RegressiorAnalysis

Dependent variables ZF reading ZF spelling ZF school
acc_po exam

Predictors Step 1 Step2 Stepl Step2 Stepl  Step 2
Domain Task r? pR r? oR r? pR
measured

df 73 71 62
Nonverbal TONI nonverbal 1Q .03 .00 03 .00 .09 .00
IQ
Literacy ZF letter knowledge 05 .00 08 .02 117 .00
measures  ZF reading aagracy 27" .05 127 .04 217 04

before ZF course

CH recognition 77 .01 .04 .00 217 04
PA Factor | .08 .01 08 .00 177 .06

Factor I .00 .01 .02 .05 .02 .02

Factor Ill .05 .01 .04 .04 .06 .01
Rapid Digit 147 .00 .03 .00 .07 .02
naming Object .09 .01 .01 .01 .09 .02
Spoken Semantidluency .02 .00 .04 .00 .01 .00
language  Vocabulary .00 .01 .03 .00 .06 .02
skills Picture naming .03 .00 .02 .00 .07 .01

Auditory memory .03 .01 .02 .00 127 .01
Overall R 35" 28 46"
Adjusted R? 217 12 35"

*p <.05; *p<.01; ***p<.001

Step 1: proportion of outcomeF spelling variance explained by a givenedictor

Step 2: proportion of outcome variance explained lgyvenpredictor, after controlling for all other predictors, from other

domains and the same block (= unique variancéagd by a given predictor)

As shown in Table 5, the general pattern of correlations was different among the

three ZF literacy skills. Firstly, neverbal intelligence had no unique predictive effect

on three ZF literacy tasks after controlling forather predictors. This showed that

earl vy

progress

i n

|l ear ni

ng

ZF

does not
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The ZF reading accuradgcusing on ZF decoding skit the end ofenweeks of

trainingwas predicted (step 1) bwo ZF literacy measureshe generaPA factor, and
digit and objechaming. However, only the autoregres&it,reading aagracy before
the intensive ZF courséhe same skill measured earjieemains a unique predictor
after additionally controlling foall other measures € 2).0Only 35% of variance is
explained byall predictors, and as little as 21% when a more stringent, adjusted

model is taken into account.

Regardinghe ZFspelling skill, this wapredicted (step 1) b¥F letter knowledge

and ZF reading accuracy bedahe ZF course, and by the gen&Aalfactor.After
additionally controlling forall other measurestep 2), only thaeyllabletone PA

factori basically a large unit PAmade a significant unique contribution to
predicting chil cudigoryséylabisippatOnly P80 @f variantedasr a n
explained by our predictors, and as littlel@% when a more stringent, adjusted

model is taken into accourt.is somewhat surprising that, instead of the small unit

PA, it was the large unit PA that hadignificant predictive effect on the spelling
performance, given that the ZF orthography is sgyfiabic and has consistent
soundletter mapping in general. In order to clarify this result and to learn whether all
syllable and tone PA tasks predict #ie spelling skill, further regression analyses

into all individual tasks comprising the PA battery were conducted. The analysis
concerned only PA tasks; no other taglksetaken into consideratiol€onsidering

there are implicit and explicit designed task the PA battery, except for the tstep
analyses introduced earlier, an extra step was added to find the proportion of outcome
variance that was explained by a given PA task after controlling for PA tasks from the

other domain. The results are presenh Table %.



Table 56 L ongitudinal predicti on of ZF spelling skills after ten-week ZF course
from all PA subtasks Multiple RegressionAnalysis

Predictors Step 1 Step 2 Step 3
Domain Tasks r? PR PR
df 80 75 71
ImPA Syllable .00 .01 .00
Rime .03 .00 .01
Onset .05 .01 .01
Phoneme .04 .05 .06
Tone .01 .00 .00
ExPA Syllable .09” .07 .06
Rime .07 .02 .00
Onset .02 .00 .01
Phoneme 107 .05 .02
Tone .07 .03 .02
Overall R? 26
Adjusted R? 16

*p <.05; *p<.01***p<.001

Step 1: proportion of outcom&FK spelling variance explained by a givéi task

Step 2: proportion of outcome variance explained by a dgietask after corrolling for predictorsfrom otherdomain

Step 3: proportion of outcome variareglained bya givenPA task, after controlling for all other predictors, from other domain

and the same block (= unique variance explained by a given predictor)

The ZFspelling wa predicted (step 1) bBgur explicit PA tasks, except for the onset
level. However, after controlling for variables from other domains (stejprpjcit PA
at thephonemdevel, explicit PAat the gllable and phonemievelspredicted the ZF
spelling. Wheradditionally controlling forll otherpredictorg(step 3) only implicit

PA at the phoneme levahdexplicit PA at the syllable levehade a unique
contribution to ZF spelling after the teveek ZF courseGiven the very low
reliability (0.22) and high guessing rate (0.86) ofithglicit PA at the phoneme level
(see Table 3), it might not be sufficiently consistent to be an effective predictor.
Thus,explicit PA at the syllable levelas the only effective PA task to predict ZF
spelling.
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Going back to the third dependent variable in Talderearly half (46%) of

individual differences iZF school exam results were explained by all literacy
measures, two PA factors, both naming tasks and three spoken language skills.
However, only the ZF reading accuracy, character recognition and the general PA
factor were unique préctorsafter additionally controlling foall other measurefsom

a given predicto(step2). Further multiple regression analysis with three steps was
conducted to discover which PA task may effectively predict the ZF school exam

results. The results dfi¢ analysis are presented in Tablé 5.

Table 5.7 L ongitudinal predicti on of the school exanresults after ten-week ZF

course fromall PA subtasks Multiple RegressiorAnalysis

Predictors Step 1 Step 2 Step 3
Domain Tasks r? PR PR
df 84 79 75
ImPA Syllable .01 .02 .02
Rime .06 .01 .00
Onset .04 .00 .00
Phoneme .01 .00 .00
Tone .00 .00 .00
ExPA Syllable .02 .02 .01
Rime .08 .04 .00
Onset .04 .02 .00
Phoneme 22" 147 08"
Tone 09" .07 .02
Overall R? 27"
Adjusted R? 18"

*p <.05; *p<.01; **p<.001

Step 1: proportion of outcom&R spelling variance explained by a givé# task

Step 2: proportion of outcome variance explained by a dgietask after corrolling for predictorsfrom otherdomain

Step 3: poportion of outcome variance explainedaygivenPA task, after controlling for all other predictors, from other domain

and the same block (= unique variance explained by a given predictor)
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Theschool ZF examesults wergredicted (step 1) bynplicit PA at therime level
and three explicit PA tasks, including rime, phoneme and tone Iél@lgever, after
controlling for variables from other domains (stepeXplicit PA at thgphonemdevel
andexplicit PA at the bnelevel were left. Wheradditionallycontrolling forall other
predictorg(step 3) only explicit PA at the phoneme levelade a unique contribution

to school ZF exam results

To conclude, the analyses suggest that different literacy aasksssociated with
different PA skills. Tasks regung auditory input decoding were longitudinally
explained by explicit syllable PA. Howevenly explicit PA at the phoneme level
facilitated the school achievements relying on written input. In addition, no PA factor

was involved in predicting ZF readgjraccuracy after intense ZF instruction.

Comparing longitudinal predictors of ZF and CH reading in Year 2

Multiple regression analyses were conducted in two fass.literacy skills in Year

2 are the dependewariables to be predicted by the meassuvehich were first

conducted in Year 1 (see Tabl@5How four measures oharacter legality
judgementvere predicted by other measures will then be presented in a separate table
(see Table B), since the tasks focused more on character knowledgesaimuand
hadalmostno significant correlations witbtherliteracy skills (see section 4.2).

Two-stepmultiple regression analgswere conducted for each dependent variable.
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Table 58 L ongitudinal prediction of five literacy skills in Year 2 from tasks in

Year 1. Multiple RegressionrAnalysis

Domain task ZF reading accuracy CH reading CH recognition ZF & CH reading ZF & CH school
measured accuracy comprehension exam
Step 1 Step 2 Step 1 Step 2 Step 1 Step 2 Step 1 Step 2 Step 1 Step 2
Nomverbal | TONInonverbal IQ 0g* 0z g% o7+ 09¥ 00 A0 00 06* 00
Q
Literacy ZF letter kmowledge 06* 00 01 02 0z 00 09* 00 0o 00
measures | ZFreadingaccuracy pr | 19% 04 15%* 03 15%* 02* 04 02 g 00
ZF reading acouracy po | 12%¥ 00 0z 04 1 TEEE 00 08* 00 g 06**
Ch recognition 04 03 KN 10 T DGk 4 03 3% m
ZF spelling 03 01 0z 01 03 00 04 00 0T 01
ZF school exam b 2% ey 01 g 01 AT 00 e 07
PA FactorI 10 00 0z 01 00 00 15 04 12 00
Factor IT 00 0z 00 00 00 01 00 00 00 00
Factor I1 04 0z 00 02 0z 00 06* 00 01 01
rapid Digit 06* 01 04 00 5% 01 07* 03 08* 02
naming Object 01 0z 01 00 04 00 4% 00 20 05*
Spoken Sermantic fluency 02 00 01 00 00 00 04 00 09¥ 02
language Vocabulary 00 01 06* 01 o7+ 00 A0 00 m 00
skills Picture naming 00 01 04 00 03 00 5 02 2% 01
Aunditory memory 03 00 0z 00 03 00 13 01 04 01
Overall R? EXa AL TR AgE G
Adjusted R? 27** 33%* ¥ 30 AgEE

*p<.05; *p<.01; ***p<.001

Step 1: proportion of outcom&FK spelling variance explained by a givéssk

Step 2: proportion of outcome variance explained lgyventask, after controlling foall other predictors, from other domain
and the same block (= unique variance explained by a given predictor)

Regarding these five literacy variablesYear2, in general, the overall R square
(rangingfrom 43% to 78%) of all predictois Year1 werehigher than thosef
predictingZF literacy skills aftethe intensive ZF aarse (angingfrom 28% to 46%
see table B). Literacy skillsin Yearl are the main predictors of the same block of
dependent variableall PA factors,thedigit naming task andpoken language
measures had no unique predieteffect on anydependent variable when the reading
materialsbecameChinese characters shown in a standard font size and assisted by ZF
characters. In other wosdas ZF letters becanaecomplementargystemof Chinese
orthographyafter the intensive ZF course, thgecificimpact ofPA factorsthedigit
naming task and spoken language measumdieracy decreaseblevertheless

literacy skillsin Year2 using ZF or CH orthography systetesmeasuravere

predicted bydifferentcombinations of predictors and these results did present the

multi-dimensionabhspecof literacy acquisition.
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Firstly, different patterns of predictors were found for ZF and CH reading accuracy
ZF reading accuraay Year2 was pedicted by three ZF literacy measume¥ear1,
thegeneral PA factor and digit naming. However, after controlling all other predictors,
only the ZF school exam had a unique predieteffect(12%)on ZF reading accuracy.
The result implisthat after ayear of practice the level of ZF reading accuracy was
not predicted best hyrevious ZFdecoding skillor speed (i.e., ZF reading accuracy
Yearl) ,butby an integrated literacgchievementthe ZF schoeWise examOn the

other hand, CH reading accuayawas found to be predicted by three literacy measures
and the receptive vocabulary. Howeveilike ZF reading accuragyothnonverbal

IQ (7%) and CH recognitiori10%)in Yearl madea unique contribution after all

other predictors were controlled.seems that, after nine months of CH literacy
educationCH reading accuracy stileliedgreatly on general cognitive abylitsuch

as nonverballQ. Additionally, the &quisition of Chinese orthographgliedmuch

more on previous learning or experiene¢es not as simple as ZF lettexshich are

composed by falewerstrokes ané limited number of scripts.

Unlike CH reading accuracy, the CH recognition task focuses on the number of

characters known by pupils. Participants were asked to name adisdratters.

Regarding CH recognitiom Year2, it was predicted by four literacy measures, digit

naming and receptive vocabulaHoweverc hi | dr ends c halearclt er r €
was by far the most powerful predictor (29%) of character recognititis sk¥ear 2.

ZF reading accuracy at school entraals® made uniquecontribution to character

recognition. This result implies that, desphe different orthographgystemspoth of

ZF decoding skils andcharacters recognitidmefore formakducaton beginsmay

already predicthe numberof charactersecognisea year later.

In Year2, ZF and CH reading comprehension was predicted byrdaest number of

measures, including four literacy measures, two PA factors, two naming tasks and

16z



three spo&n language tasks. However, no specific measure had a unique peedicti

effect on reading comprehensiover and above other measures

Lastly, like readingcomprehensiorschool exam resulis Year2 werealso predicted

by eleven predictors, but withightly different components: six literacy measures,

one PA factor, two naming tasks and two spoken language tasks. Howevéi-only

reading accuracy after the ZF course (6%), school exam rasikarl (7%), and

object RAN (5%)madea unique contributin. This pattern is similar to that observed

in predicting school exam results in YeaiséeTable 58). Object naming is the only
nontliteracy task that showed a unique predictive effect on literacy perfornrance

Year2. The common process between CHidiag and object naming might be
triggering the reader s | exical represent
The other possibility is that both tasks
where arbitrary connections between a visual $rahd its namaeed to be made

and activatedLi et. al., 2008).
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Table 59 L ongitudinal prediction of CH legality judgementin Year 2 from tasks

in Year 1. Multiple RegressionAnalysis

Domain task R _position_accuracy | R _form_accuracy R position RT R form RT
measured
Step 1 Step 2 Step 1 Step 2 Step 1 Step 2 Step 1 Step 2
df 35 35 35 35
Naonverbal 1 | TONInonverbal 1) 03 04 00 00 03 0n 20 03
Literacy ZF letter kmowledge 00 01 00 00 02 02 02 03
measures | ZF readng scouracy pr | 01 00 00 00 04 00 08t 01
ZF rezdmg accuracy po | 04 04 02 02 0 0 04 00
Ch recognition 00 00 01 00 08 03 it 02
ZF spelling 0 0 00 0 00 00 02 06*
ZF zchool exam 0 04 00 02 02 00 02 00
PA Factor I 00 00 01 00 00 n 00 0
Factor I 00 0 03 02 04 0 04 00
Factor IIT 00 00 03 00 03 00 o7 02
rapid Digit 06" 00 00 0 o7 00 o7 00
naming Object 03 00 2 0 04 00 02 00
Spoken Semantic flusncy 035 035 01 0 01 00 02 01
‘nguage | Vocsbulary 02 00 01 o1 00 01 00 00
skills Picture n=ming 00 00 00 0 00 00 0 03
Anditory memory 03 o7 00 00 0 04 04 05°
Overall R? 29 A3 23 A0
Adjusted R 09 -13 00 220

*p <.05; *p<.01; ***p<.001

In general, there as little longitudinal prediction of character knowledge from the
measuref Yearl. Only the reaction time of radical forjudgementhad a significant

R square. Different patterns of predictors were found for accuracy and for reaction
time on CH legalitytasks. The accuracy of character leggligjgementad almost no
longitudinally significant predictors except digit RAN and auditory memory for
radical positiojudgemen{seesection2 . 3Radicaljpdgementasltdé f or det ai | s
its introduction). Theesults imply that accuracy of character knowledge was not very
much associated with other literacy skills in early school years. However, it is
surprising to find a unique contribution from auditory memory on radical position
judgementThe result might battributed to the syntactand/orrule processing

shared between the auditory memory task ¢sedon2.3.2) and radical position

judgemeniseesectionl.1.3.2) (Hu, 2010).
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Concerning the reaction time in makingudgemenof radical position and/dorm,
character recognition and digit RAN Year1 both had a significant but not unique
predictive effect. General 1Q, ZF reading accuracy before the intensive ZF course, and
PA factor 1l also explained the individual difference on the reaction timadital

form judgementHowever, it is surprising to find that both ZF spelling and auditory
memory made a unique contribution to the reaction time of radicaljfmgement

Since ZF spelling is the only writing task in the study, the above result stight the

close association between ZF writing skill and the fast response to minor differences

i n charactersd appearance. Regarding the
form judgement and auditory memory, the possible explanation is that bogmof t
require an efficient general working memory. This kind of link might only be

observed once pupils have a certain level of awareness of how radical forms should
look. Therefore, no relationship was found between the reaction time of radical

position judyement and auditory memory.

Comparing concurrent predictors of ZF and CH reading in Year 2

As mentioned earlier, regression anabsereapgdied to examine how five literacy
measures were predicted by other concurrent skifear2. Character legatly tasks

were presented separately aradegoriseds independent variables to see if they

made any contribution to the main five literacy measures. It will be predicted by a list
of independent variables, including the five literacy measures, as welR $heared
changean each variable showing the individual predietcontribution was examined

after each ste@As in the previous multiple regression analysis, both the simple (step 1)

and the unique (step 2) predictive effect are presentéabies 510 and 511.
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Table 510 Concurrent prediction of literacy skills in Year 2 from individual tasks

in Year 2: Multiple RegressionAnalysis

Domain task ZF reading CH reading CH recognition | ZF & CHreading | ZF & CH school
measured accuracy accuracy comprehension £Xam
Step 1 Step 2 Step 1 Step 2 Step 1 Step 2 Step 1 Step 2 Step 1 Step 2

df 69 63 69 69 69

Nomverbal 1) | TONInonverbal I) or 03 16" 15" o8+ 08+ B o+ 05 o5

Literacy CH legality p_Accuracy 00 00 01 o 02 00 00 00 01 00

measures CH legality p RT 08 00 10% 01 03 00 02 03 03 00
CH legality f Accuracy .00 00 00 00 00 o1 00 00 00 00
CH legality £ RT 16% Kix 8= 00 or 00 n 02 it 00

PA Factor I d2+ o7 2 00 o 00 147 06° 0+ or

1 Factor IT 08 00 00 o 00 ol o2 o0 00 03

Factor I 00 05 02 00 00 2 0 0 00 K1y

rapid Digit 08+ 02 08 03 a2+ 05 0 0 10" 03

naming Object 08 00 02 00 0 06° 04 o 07 K1)
ZF letters 05 ol 03 00 o5 o o o e 00
Character a1+ 00 06* 00 14 04 o 00 e 00

Spoken peeudo-word memory span | .02 00 0 00 o5 o2 B [t 03 0 00

lanzuaze sldlk

Overall R* 33 32 38" 34" 26

Adjusted R 23 g% 26" Phig 1

*p <.05; *p<.01, ***p<.001

Firstly, non-verbal intelligence mada consistent and uniquentribution ranging
from 5% to 5% on allCH literacy tasksThe result might indicate that characters are
not as eaby acquiredas ZF lettersand pupilgelied greatly on theigenerakognitive

skills to learnthem

Next, only the reaction time charactetegalityjudgemenhada simple predictre
effect on both ZF and CH reag accuracytasks, which also focused on speed of
responseMoreover, the efficiency of character form legajiilgementilsomade a
contributionto variance of concurrent CH recogait. The result indirectly revealed

the importance of reading fluency on learning new characters.

In addition, he patters of predictors differed between the two orthographies. PA
factors, particularly themall segmental PAactor, consistetly explaned uniquely

6% or 7% of the variances on those literacy performances that involved ZF letters, but
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made no significant contribution to Gohly tasks. The CH recognitiagask which
mightrequire naming skill was predicted uniquely by threemingtasks (dgit, object
and CH). Similarly, a few measures involving CH had a predictive effect on CH
reading accuracy. However, only nearbal intelligence madasignificant and
unique contribution (15%) to CH reading accuracy iaditateda high cognitive

loadingin this task.

It is noteworthy thatin Year2, digit and CH RAN had significant predictre effect
on most of the literacy measures except ZF and CH reading comprehearsan
had been longitudinally predicted by both digit and object RAKearl. This
change implisthatdifferent processes of RAiNeremeasuredn Year 1 andlear?2.
In contrasto Yearl, RAN in Year2 might not involve any process focusing on

lexical processing and language competences for reading comprehension.

The only spokn language task administered at this phase, pseadbmemory span,
significantly predicted concurrent CH recognition and reading comprehension. The
result showed the involvement of phonological processing in naming and reading

charactersvith ZF lettersalongside.



Table 511 Concurrent prediction of CH legality judgement in Year 2 from

individual tasks in Year 2 Multiple RegressiorAnalysis

Skills task CH lzgality_p_Accuracy CH legality f Accuracy | CH legality p BT CH legality £ BT
measured
Step 1 Step 2 Step 1 Step 2 Step 1 Step 2 Step 1 Step 2
Yearl df 67 69 67 69
Nonverbal 1 | nonverbal mtelligence 00 00 0 00 00 0 03 00
Literacy ZF reading accuracy 00 00 00 00 08= 02 dg%== 02
measures | CH reading accuracy 0 02 00 00 A0== 02 2= 0
CH recognition 02 01 00 01 03 00 07 00
ZF & CH readmpg comprehension | .00 00 00 00 02 00 0 0
ZF & CH scheol exam 01 00 00 00 03 00 04 00
PA Factor [ 00 00 01 00 00 02 0 01
Factor IT 00 00 0 00 00 00 03 02
Factor I 00 00 01 02 05# 05* 03 02
rapid Digit 03 00 0 00 092 00 A3 01
nanung ........ Ohject 00 02 0 o 03 o A1*= 00
ZF letters 03 00 0 01 06+ 00 d4%= 00
Character 06® 04 7= 10== 123 03 27| 08%
Spoken pseudo-word memory span 0 03 00 0 0 00 03 o
lanzuage
skalks
Overall B? 17 17 26 A0™
Adjusted B? 00 -01 10 a7+

*p <.05; *p<.01; ***p<.001

Concerning the acquisition of character knowlenigéear2, aswith the results of
longitudinal analyses (see Tabl®) .only the reaction time of radical form judgement
had a significant R square. However, character RAN consistently had a significant
predictive effect on all four measures, namely reaction timeecuracy aspects.
Moreover, it specifically made unique contributions on both form legality measures
(10% on accuracy and 8% on reaction time). In other words, the result ptesents
common processf what was measured in both the character RAN (an otapkit

and the CH legality judgement (an input task). Therefore, the common process here is

very likely to be accessing character orthography representation.

As shown in Table 81, most of the measures which involved speed of response, such
as reading ecuracy and RAN tasks, had simple predictive effects on reaction time in

both legality judgement tasks; all the tasksphasiséeavily the efficiency or
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fluency of reading. It is surprising to find that the PA factor Il (the tone PA factor)
had a predidte effect, both a simple and a unique contribution, on how quickly
pupils made a radical position judgemédiite result indicatethat even at the very
early stage of character knowledge acquisition, the suprasegmental awareness is

involved inbecomingfamiliar with the script structure of a character.

To conclude, at the first two years of schooling, ZF or CH literacy education and/or
experience is critical in setting a good foundation for pupils to become familiar with
the legal form of character radls. In other words, character knowledge acquisition
for pupils in the early school years starts from seeing how radicals are made from

combination®f strokes, then how characters are made from combinations of radicals.

Differences in Patterns of Prelictors for CH and ZF Literacy Acquisition

One of the aims of the study was to discaf/érereweredifferent patters of

predictors for ZF and CH literacy acquisiti@ince many literacy tasks used in the
study involved ZF, one way to examine the ddfeces between ZF and CH
orthography might be to compare the pattern of longitudinal predictors of ZF school
exam performancm Year 1 and ZF plus CH school exam performancéear 2. It
would also be sensible to compare the pattern of longitudinalcaralicent

predictors fobothZF and CH reading accuragyYear 2.

With almost the same group of predictors, the school exaivears 1 and 2 both had
more than one simple and/or unique predictor in all domains, namely literacy, PA,
RAN and poken langage skills(see Table 5.5 & 5.8). In order to be more focused on
unique predictors, only the pattern of those predictors with unique contributions will

be compared here. Firstly, three predictors made a unique contribution to prediction of
ZF exam resultg a few weeks laten Yearl: ZF reading accuracy before the
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intensive course (4%), CH recognition (4%), and the general PA factor (6%). However,
a totally different set of three predictors made a unique contribution to the prediction
of ZF plus CH examesults in a few weeks latar Year 2: ZF reading accuracy after

the intensive course (6%), the ZF exanYearl (7%), and object RAN (5%). The

results indicate a close link between PA and ZF reading which was not present or

critical once CH orthographyas involved.

The pattern of longitudinal predictors, both simple and unique, was very different in
ZF and CH reading accuragyYear 2 (see Table 5.8). No measure in the PA and

RAN domains was involved in predicting CH reading accuracy. In contralgtthe
spoken language domain was not involved in predicting ZF reading accuracy. When
the unique predictors were examined, only the ZF school exam made a unique
contribution (12%) to ZF reading accuracy, while +vanbal 1Q and CH recognition

both madea unique contribution (7% and 10%, respectively) to CH reading accuracy.
Additionally, if the patterns of concurrent predictors for ZF and CH reading accuracy
in Year 2 are compared, the pattern of simple predictors is very similar, except for
RAN tasks; lhat is, more RAN subtasks had a significant simple, but not unique,
predictive effect on ZF reading accuracy (see Table 5.10). Further checking of those
predictors that made a unique contribution again found a diverse pattern: only
nonverbal IQ was linkedo CH reading accuracy while PA factors | and Il (with 7%
and 5%, respectively) were linked to ZF reading accuracy. The above results
demonstrate the difference in processing between ZF and CH reading accuracy. For
pupils at Grade two, ZF reading accwyraas closely linked to concurrent PA skills

and earlier (year 1) ZF school exam, whereas CH reading accuracy relied heavily on
general cognition competence and earlier (year 1) CH recognition. Conclusively, the
difference in processing between ZF and €HBiding accuracy might be largely
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attributed to the characteristics of the two orthographies: ZF being more dependent on

PA and RAN; and CH onharacters learned before school eaimyg norverbal 1Q.

In order to integrate the resuiteentioned abovso hat thedifferentpatterrs of
predictorsfor CH or ZF literacy acquisition stand oatpox and arrow model
showing PA, RAN and oral language skais predictors of major reading skiiés
presented in Figure 5.1. In accordance wh#Simple View of Reding, CH and ZF
reading comprehension is included to show another pattern of predictanstrasto
either ZF or CH single word readingvery correlation between predictor and

outcome is indicated in the figure.

Year 1 Year 2
Three Measure Domains Literacy Performance
General PA
Zhuyin
Syllable- = Naun
tone PA word reading

\ ‘ Character

Digit RAN —-“
A Character
V" R knowledge

Object RAN :

N\

)

- (=5
SPe‘fi‘i ](]’E‘P“‘ t Reading comprehension )

vocabulary

Auditory memory/
comprehension |

Figure 5.1 Predictive relationship between the three measures of PA, RAN and

oral language skills and literacy
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The potential roles of PA, RAN and oral language skills in predicting literacy
acquisition are very different, according to how these three measures account for the
variance of literacy performance shown in Figure 5.1. In short, preceding PA skills did
not relate to CH word reading or CH knowledge, but were directly associated with ZF
word reading and ZF plus CH reading comprehension. Graphological RAN linked to
ZF word reading, CH word reading and CH knowledge but did not relate to reading
comprehension. Oral language skills were all associated with reading comprehension
which emphasized lexical understanding. In addition, oral language skills also
accounted for the variae of CH literacy and reading comprehension but not that of

ZF word reading.

5.3 Multiple RegressionAnalysisof Prediction of Phonological
Awareness

The PA battery was administered twice at the beginning of Grades 1 and 2. By
multiple regression analgs, concurrent and longitudinal predictors of PA were
examined systematically (s&ables 512 and 5.B). Both the simple (step 1) and the
unique (step 2) predictive effect were presenimconcurrent regression analysis of
PAin Year2 was conductedince the only significant correlation was found between
PA and readingomprehensiofsee Tabl&.1, 5.2, 5.3 and 5)andthis hasheen

shown in sectio®.2.
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Table 512 Concurrent prediction of PA skills from tasksin Year 1: Multiple

RegressiomAnalysis

Dependent variables PA Factor | PA Factor Il PA Factor Il
Predictors Stepl Step2 Stepl Step2 Stepl  Step 2
Domain Task r? PR r? oR r? pR
measured
Df 65 65 65
Nonverbal TONI nonverbal IQ 07 .02 .00 .01 .05 .01
IQ
Literacy ZF letter knowledge 08 .01 .01 .01 .00 .01
measures ZF reading accuracy  .09° .02 .01 .00 05 .01
before ZF course
CH recognition .02 .03 .01 .00 .08 .00
Rapid Digit 07 .03 06 .04 07 .01
naming Object .04 .01 .03 .00 .04 .01
Spoken Semantic fluency .04 .01 .06 127 .00 .01
language Vocabulary .00 .00 .01 .02 .03 .02
skills Picture naming 09" .03 .01 .00 01 .00
Auditory memory 07 .02 .00 .00 01 .00
Overall R? 27 19 17
Adjusted R? 15 .07 .04

Different patterns of predictors were found among the three PA faCtolg PA

factor | (the general PA factor) had a significant R square and was significantly
predicted by varidles across different domains, such as-werbal IQ, literacy, RAN
andspoken language skillbut none of them had a unique predictive effect.
Nevertheless, the evidence that both picture naming (an output task) and auditory
memory (an input task) had sifjcant predictive effects on the general PA fadtor

Year1 shows that PA skills did reflect the integration of the speech processing system.
Moreover, another spoken language skédmantic fluencymadea significant and

unique contributiorio PA fador Il (thesyllabictone PA factor). Since semantic

fluency relies heavily on efficienaw retrieving lexical representation, the result

might provide evidence of the importancesgliabic and tone P decoding
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syllabicmorphological Chinese orthogiaprepresenting tonal languages.

Concerning PA factor Ill, which involved only implicit PA skills, concurrgft
reading accuracy, character recognition and digit RAN all had significadictive
effects. The results suggest that the processing ohgpisitic knowledge may be
common to all these variablds.addition,it is noteworthy that digit RAN haa

consistent prediote effecton all threeconcurrentPA factors.

Next, the results on the longitudinal predictive effect of all measnrésarl on

three PA factorén Year2 are presented in Table 8.1
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Table 5.13 L ongitudinal prediction of PA skills in Year 2 from individual tasks in

Year 1: Multiple RegressiorAnalysis

Dependent variables PA PA PA
Factor | Factor Il Factor Il

Predictors Step 1 Step2 Stepl Step2 Stepl  Step 2
Domain Task r? pR r? oR r? pR
measured

Df 67 67 67
Nonverbal TONI nonverbal IQ .08 .00 147 097 10 .05
IQ
Literacy ZF letter knowledge 217 .03 .00 .03 .00 .00
measures  ZF reading accuracy .17 04 09 .04 .07 .03

beforeZF course

ZF reading accuracy .03 .02 .00 .01 .01 .02

after ZF course

CH recognition .00 .02 .00 117 .03 .00

ZF spelling 117 .00 .04 .00 .02 .07

ZF school exam 187 .00 .02 .00 .05 .01
PA Factor | 417 127 10" .00 .05 .01

Factor Il .01 .00 .01 .01 .06 .01

Factor IlI .06 .00 10 .06 .03 .00
Rapid Digit .04 .00 07 07" .06 .02
naming Object .06 .01 .02 .03 .02 .00
Spoken Semantic fluency .04 .00 .02 .00 .01 .01
language  Vocabuhry .01 .00 .01 .00 .00 .00
skills Picture naming .05 .00 08 .07 .03 .00

Auditory memory .05 .00 .03 .02 .00 .00
Overall R? 597 517 32
Adjusted R? 46" 36" .10

*p <.05; *p<.01; **p<.001

Step 1: proportion of outcom&R spelling variance explained by a givaask

Step 2: proportion of outcome variance explained lgyventask, after controlling for all other predictors, from other domain
and the same block (= unique variance explained by a given predictor)

PA factorsin Year2 wete significantly predicted by diverse patterns of measares
Year 1. FirstlyPA factor | (small unit PA factor) was predicted by nonverbal 1Q, four

ZF literacy tasks, two PA factors and object naming. After controlling for other
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variables, both ZF readirapcuracy before the intensive course and the general PA
factorin Yearl still made a unique contribution to predicting PA factor Year2. Up

to 59% of its variance is explained gll measures Yearl, andas much as 46

when a more stringent, adjad model is taken into accouifite results indicate

clearly that the ZF orthography experience influences and/or facilitates the small unit
PA factor a year later. Since PA factonlyears 1 and 2 represents general PA skills
and small unit PA, respecely (see section 3.1.2: factor analysis), the high (up to
12%) unique predictive effect of PA factoinlYearl on thesmallunit PA factorin

Year2 shows that better small unit PA is predicted, or, more strongly, derived from a

better foundation of geeral PA skills.

Next, PA factor Il, representing mostly syllable awaren&ss, predicted by many
variables. Up t®1% of its variance is explained il measure# Yearl, but only

36 % when a more stringent, adjusted model is taken into acddtet.controlling

for all other variables, the study found significant and unique contributions of Year 1
measures in all domains, such as ZF reading accuracy (before the intensive ZF course),
character recognition, PA factor Ill, digit naming and picture ngntialf of the
predictors are¢he tasks responded in syllabic utteransesh as CH recognition, digit
RAN and picture namind?A factor Il, although calledyllable PA factor, actually
explainedonly 42% variance bymplicit PA at theonsetlevel (see Bble 3.16). This
might therefore explain whipis factor was also predicted lgar 1ZF reading
accuracymeasuredbefore the ZF course amy Year 1PA factor Il (including

implicit PA at thephoneme and rime leveld)astly, PA factor 11l {hetone PA &ctor)

was predicted byonvebal IQ, ZF reading accuracy before the inteascourse, PA
factor Il and digit namingn Year1. However, after controllingpr all othervariables,
only the ZF spelling tasknadea unique contributioto PA factor Ill. The esult is not
surprising since in the spelling task marking the tones of a syllable was required.
Therefore, it is plausible to attribute the development of tone PA to the orthography

experience during the first school year.
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It is interesting to track dowinow the three PA factois Year 1(General PA,
Syllabletone PA and Implicit PA) are linked to the other three PA fadtoyear 2
(Small segment PA, Syllabimplicit PA and Tone PA). The results here also provide
the evidence for the interpretationgae about the multiple PA constructs in Chapter
3 (see section 3.1.2: factor analysis). For example, PA factofelar 1 (general PA
factor) made a high (up to 41%) contribution to PA faciar¥ear 2 (small unit PA
factor). This result suggests thésea close relationship between previous general PA
and later small unit PA. The evidence supports the possibility that general PA skills

facilitate the development of small unit PA in the first school year.

In addition, PA factor Il (implicit PA factorin Year 1 made a unique contribution to

PA factor Ilin Year 2 (mainly syllabic PA, but also implicit PA on rime and phoneme
levels), which had a negative correlation with concurrent PA factor I. These results
imply that the presence of implicit PA skili$ school entrance, particularly on the

rime and phoneme levels, are not sufficient to support the development of small unit
PA skills a year later. This may indicate that these children were lagging behind in
their development of explicit PA and it iggtwhich is critical for later literacy
development. Therefore, it is important that both implicit and explicit PA skills are
tested to ensure that children have broken through to an explicit stage of PA

development and are not stuck at an earlier imgh&iphase.



Year 1

Various Measure Domains

Digit RAN

Object RAN

Auditory memory/
comprehension

vocabulary

Speech output
skills

Zhuyin
word reading

Character
recognition

Year 2

PA Performance

Figure 5.2 Predictive relationship between the three measures of RAN, oral

language skills and literacy and PA

Theresultsof PAin Year 2 in association with precediR#\N, oral language skills
andCH or ZF literacy acquiibn are summarized in Figure 5.2. The link between
preceding RAN and PA might be attributed to the level of automaticity.
Graphological RAN was found to have a large predictive effect on PA at
largesegment (syllable), implicit or supsiegment (tone) \eels; and

nongraphological RAN was associated with fhggained PA, such as phoneme, rime

or onset levels, which develop principally after school entrance.

Regarding the link between A Year 2 and spoken language skills at school

entrancepnly thespeech output measure (i.e. picture namaogpunted for the
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syllabic PA factor which is negatively correlated with small segmenfBAmall
segment PAnostly developed after formal education (see section 3theyesult
suggestshatin Mandarinspeking childrerspeech output skillacquired before
formal education are more associated it less finegrained phonological
representations (i.¢hoseapplied in larger segment PAjowever it is noteworthy
that there was a ceiling effecttime picture-naming taskTherefore, it wapossible
thatthe predictiveeffect of speech output skills in relation to syllabic PA factoas

underestimaed

Lastly, both ZF and CH competence had a simple and/or unique predictive effect on
all three PA factoreé Year 2, longitudinally and concurrently (see Tables 5.12 & 5.13).
More specifically, ZF reading accuracy before the intensive ZF course made a unique
contribution (4%) to the small unit PA factorYear 2 while CH recognition made a
unique contributia (11%) to the syllabic and implicit PA factiorYear 2. It suggest

that, despite lacking consistent small grsire correspondence, the characteristic of
the characters6 sound structure, i.ce.
PA dewelopment. However, given that the two PA factargear 2 correlated

negatively (see section 3.1.2), this effect might suggest the decay of small unit PA

once ZF no longer appears in textbooks.

5.4 Discussion

In this chapteiiteracy and PAave beetreatedas dependent variables of other
measures ttearnhow they develop during the early years of schoolingtand
discovertheir significant predictorBom either a longitudinal or a concurrent

perspectiveln the following section, the theoreticalddar practical implications of

t
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the above results will be discussed. The contribution of the four domains, namely PA,
RAN, spoken language, literacy to the prediction of various literacy or PA skills will
be examined, and a comparison made with results frpravious studies of

alphabetic written languages and Chinese orthography.

5.4.1 Predicting Literacy Acquisition

It might be very specific to Chinese orthography that character knowledge acquisition
comprises different stages, such as knowing what thealasshould look like, and

then the script structure, which might be linked to how characters are pronounced and
meaning of words. Therefore, there is no doubt that its acquisition will take longer
than learning to decode and may extend over the six yeprenary schools\Wu &

Huang 2004). Further investigations of th@thographyphonology correspondence
(introduced in section 1.1.3.@0uld expand our understanding of what, when and

how patrticular character knowledge would be acquired in generaioad also be

applied to CH instructiorExploring the role of ZF instruction preceding CH

instruction wouldalsoinform our understandingf the efficacy of current

arrangement of literacy curriculum in Taiwan.

Sequence of ZF and CH instruction

Based orFigure 5.1 ZF seems to ba good transitional orthography for children to
decode its spelling and learn the pronunciation of novel characters sissediates

or emphasizes the general PA skills acquired from speech experience much more than
characteracquisition. A similar argument was made by Ziegler and Goswami (2005);

a relatively consistent orthography with small grsire correspondence lessens the
number of correspondence at various linguistic levels that beginning readers have to

learn.
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Furthermore, regarding either ZF only or ZF plus CH literacy taskear 2, the

patterns of predictors are very similar in terms of how many domains are involved.
The predictors of literacy performance indicate that pupiéear2 might rely

heavily on ZF eading skills to complete a literacy tadkthis sense, acquiring ZF is
beneficial for pupils beginning to read and understand written ChiHesesver, an
alternative view is that focusing on ZF scripts with a consistent correspondence
between graphemsand phonem® coul d be detri mental t
character knowledge&Chen& Yuen 1991) Therefore, a further question to ask is

when and how to instruct pupils to change from depending on ZF scripts to focusing

more on characters.

PA asasa predictor of literacy

Previous studiebave showrhatsyllabic PA atthe preschool stage has a small but
uniquepredictve effect onCH recognition at a later stage (eMrBride-Chang et. al.,
2011, but contradictory resultshich showedo predictve effect of onsetime PA

on later CH recognitiomavealsobeenfound (e.g. Huang & Hanley, 1997lhis
contradictionmight be attribugdto thedifferent demands made by tiR& tasksj.e.

explicit or implicit PA tasks.

The question ofvhether any PAkill may predict CH recognition a year lateas
systematically examined in tipgesenstudyby the desigrof acomprehensiv®A
assessmenOnly PA factor Illin bothYear 1 {.e.implicit PA skills) andYear 2 (i.e.
tone PA) had significant contributido reaction time ofwo differentcharacter
legality tasksj.e., theform and position of radical§¢see table ®.& 5.11). The results

show asmalldegree of PA involvement in acquiring charaéteowledge, but not in
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learning new charactersowever,this impact of PAat variouslinguistic levels might
increase as pupils learn mgreonetiesemantic compoursdit wasnot possible

within the present study to determine what levels of PA are important for later CH
acquisition or which will be maintained the longer term in Mandarspeaking
children.As otherstudieshave focused ohow olderchildrendeveloptheir GPC
knowledge (Li, 2009)it would beworthwhile to follow the trajectory of the

association between PA skills and CH acquisition in the ¢atedes.

In line with previous studies of Mandarapeaking children (e.g. Tzeng et al., 2003

Hsieh &Tzeng, 200% digit RAN had extensive predieg effects on CH literacy

tasks, although most of timlewerenot uniquepredictors|t is noteworthy thatapart

from digit RAN, both object and CH RANadeconcurrent andiniquecontributions

to CH recognitionn Year2 as well.The results demonstrate that both lexical (i.e.

object) access and orthographic (i.e. digit and &tdessvere involved in the CH
recognition task and provide evidence for the distinct megyilabic feature of

Chinese orthography. Further evidence resulted from the analyses of spoken language

predictors.

In summary, PA as a longitudinal or concurrent predishawedhat while amall

unit PAwasclosely linked to ZFrelated tasksthe larger unit PAvasinvolvedin the
auditory input task, e.g. spelling a ZF syllable by listen to it; and the tone PA had a
concurrent and unique predictive effect on radical posjtidgementHowe\er, it

was RAN rather than PA skills which accounted for more variances on

characterelated measures.
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RAN asa predictor of literacy

The role of RANIn predicing reading fluency habeen investigated iotherstudies
Babayijit & Sheangettah, @004 GeorgiGuktl gl., 2006; Ho et. al.,
2004; Liao, 2008; Tzeng, 2004n particular whether RAN (or any of its subtasks) is
equally important for both reading accuracy and comprehengnenfollowing
discussionwill focus more on theohgitudinal predictive effect of RAN tasksee

Tables55, 58 & 5.10).

Firstly, in Year 1, as shown in Table 5.5, balilgit and objecRAN at school entrance
were significant predictors of performance on two ZF taskdertakerafter the
intensive ZFcoursej.e. ZF readingaccuracyandthe school examboth ofwhich rely

on visual input. However, RAN did not predpgrformance in thauditory input ZF
task (i.espelling a ZF syllable by listen tg.ifThe results mapeattributed to the

visual praessingvhich underlies botRAN and ZF reading taskas previous studies
suggestede.g.Stainthorp et al., 2010)n addition, the results might also indicate that
a degree of ZF reading automaticity and lexical accessasgapped byeach otthe

two tasks.

Regarding the literacy tasksYear 2, digit RANn Year 1 significantly predicted
most literacy performanaapart fromthe charactereading accuracy taskheresult
is difficult to explain primarily in terms of visual processingniy indicae that
children did not develop sufficient orthographepresentatianrequiredo read
characters in an effortless and automatic manrer idea thaRAN might index
skills beyond visual processing $alsobeen proposed lnyecent RAN studies (e.g.

Stanthorp et al., 2010)
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In contrastpbject RANIn Year 2 significantly predicted two Zplus-character tasks,
i.e. readingcomprehensioandthe school examwhich relied more on lexical
accessing thaan speed of processing. Moreover, individual difece in object RAN
uniquely accounted fdive per cenbf thevariancein school exam performanae
Year2. The results highlightetthatthe lexical access process tapped in object RAN
school entrance may predict the comprehensitated literacy sks a year later. In
other word, object RAN was a stable measure of lexical accessing skills over time
and may prove to be a usefatlex of wordfinding speed

Lastly, regarding the link between RAN and character orthographic knowledge, it was
found tha digit RAN in Year 1 significantly predictegerformance oamll aspect®of
character legalitjudgementpart fromradical form accuracy (see Table 5.9). A
possible explanation is that orthographic representation tapped by digit RAN show
no association ith judgemenof radical form accuracfor the legalityjudgemenof

radical forms equires finer orthographic representation.

In summary, the link betweatigit RAN andreading is the level of automaticity

required which is dependent on mature visuatpssing and/or orthographic
representation. In contrast, the association between object RAN and reading reflects a
common feature of lexical access. Thus, at the stage of early literacy acquisition,
graphological RAN is longitudinally linked with most thfe ZF or CH reading skills;

and nonrgraphological RAN is concurrently associated with ZF plus CH reading

fluency.

Spoken language skills as a predictor ofteracy
Vocabulary, auditory memory and pseudord memory span were the only three

language praictors of CHonly tasks (see Tables 5.8, 5.9 & 5.10). Vocabulaear
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1 had a longitudinal but simple predictive effect on CH reading accuracy and CH
recognition. Auditory memory and comprehension made a longitudinal and unique
contribution to legalityudgementin accuracy (of the radical position subtask) and
reaction time (of the radical form subtask). Psewdod memory span had a

concurrent and simple predictive effect on CH recognition. These results indicate not
only the close links between Cldrgpt and lexical representation, but also the key role
of working auditory memory load in learning new characters, particularly their

phonological features.

According to previous studies, the role of spoken laggskills in literacy
acquisitionhasmostlyfocused on(a) the common lexical accessing shared with
reading comprehensioand p) abundant lexical representatipngichmight
support efficiencyn decoding written forms on single word recognit{@atts et al.,
2006; Nation & Snowling, 200 Ricketts et al., 2007)n thepresenstudy, ZF school
examperformancalfter the intensivéeachingcourse was significantly predicted by
three spoken language skills, namely vocabulary, picture naming and auditory
memory/comprehension. However, nalslink was observed in Zkord readingand
spelling tasks. The results may indicatack of lexical accessing in decoding and
spelling a semalphabetic orthography (ZE)nce lexical accessing was the only

difference between ZF school exam and othelitéFacy tasks

On the other hand, most of theetacy skillsin Year 2 apart from ZF reading accuracy
were significantly predicted by one or more spoken language skills, although the
predicting effect is not unique (see Table 5.8). The result sugbasthe lexical
features within Chinese characters emphagipabularyspan orrecognizing

characters. This finding was also partially consistent thighprediction from the
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dualroute frameworkighlighting the interaction betwegmonological and seméc
pathwaygo word recognitior{Nation & Snowling, 2004; Ricketts, Nation, & Bishop,
2007) Additionally, various combinations of all four spoken language skills
accounted for 9 to 15 per cent of variance in reading comprehension and literacy
academic ehievement. The results support Bienple View of Readingdicating

that oral language competence would contribute major variances in reading

comprehensionGatts et al., 200850ugh et al., 1996; Stuart et al., 2008)

Lastly, the only spoken lamgge skill accounting for the variance of character
orthograplic knowledgein Year 2 (both radical position accuracy and radical form
reaction time) is auditory memory/comprehensioris Timding indicatesthat oral
comprehension skillmay have an impontd rolein the development of orthography
knowledge, particularly in understanding literacy instruction as well as accessing
related lexical representations. Further resemronkeded to clarify the interaction

between oral comprehension and Chinese graghic knowledge.

5.4.2 Predicting PA Development of the First School Year

Previous studies investigating PA development after formal education starts have
mostly focused on the reciprocal link between PA and orthography experience, in
particular the ignificant improvement in phonemic awareness among
alphabetidanguagespeaking children (e.g. Duncé&nBolik, 1999). Similar results
were also found in Mandarspeaking children and attributed to ZF or pinyin
instruction (e.g. Chan et a005;Sueet d., 2008. According to Figure 5.2, ZF word
reading predicted all PA factoirs Year2, but CH word reading predicted only
syllableimplicit PA factorsin Year 2. If these results are taken together with the

results shown in Figure 5.1, the reciprocaltreleships between PA and literacy
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acquisition seem to be a function of orthographic systems, and different aspects of

their association are revealed according to the features of orthographic systems.

Secondly, PA skills were concurrently and longitudinpledicted by RAN at school
entranceAccording tothe corephonologicaldeficit theory(Wagner & Torgesen,

1987, bothRAN andPA involve underlying phonological processitipwever, it is
questionable which level of phonological processing is shadlen the two
measures. In theresenstudy, only syllabic and tonal PA factors were predicted by
digit RAN at school entrance (s@able 5.13). Since no small segment PA factor was
associated with digit RAN, it might imply thahly limited phondogical processing
was tapped bthe RAN measureln other words, the findings from this study do not

support theheory of acorephonological processirgkill between RAN and PA

Lastly, the lack of an association between vocabulary and three PA factoeslatZsr
suggests that the Lexical Restructuring Model (Walley et al., 2003) does not explain
PA development after school entrance when vocabulary alone cannot account for the

refinement of phonological representations.

5.5Conclusion

The present studpundthat reading accuracy of different orthographies did require
differentprerequisiteskills. Small unit PAs morestronglylinked with ZF reading
acquisition than CH readingn addition, orthographlgada substantiaimpacton PA
development during therét school yeaiTheintertwinedrelationships among spoken
language, PA and written languageplied that the role of PA development in
Mandarirspeaking children aftdreginningschool should not be neglected.

Difficulty in any one of them would havanampact on the others and therefore lead
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to a poorer outcome in literacy achievemdiis issue will be explored more in the

next chapter.
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Chapter 6: Results and DiscussionV
Literacy, PA, RAN and Spoken Languagen

Typically and Atypically Developing Children

Previous studies of preschool children in Taiwan have identified that around 6.1% of
them may have speech and/or language difficulties Gdgnget. al.,2009. Similarly,

in this study, a small group of children were also found to have Ispiéculties

when they started school. In addition, another small group of children had reading
comprehension or output difficulties after a year of schooling. This chapter was
specifically inspired by these observations and aims to investigate thedadtthe

five research topics:

4. Differences in Literacy, PA, RAN and Spoken Language betaleitaren with
typically andatypically developing speech output skills
4a. Do children with atypical speech or reading development at'tpade
continue o perform less well on PA and/or literacy a year later?

4b. Does that depend on the writing system they use?

5. Differences in Literacy, PA, RAN and Spoken Language betwbidren with
typically andatypically developing readingkills.
5a.Canatypical literacy performance at th&%@yrade be traced back aopoor
performance on spoken langeakills, PA, RAN and/or literacy at school
entrance?
5b. Dothose differences between children with typically and atypically

developing reading skilldepend a the writing system of the tasks?

This chapter presents tvpoeliminary studieso address these research questions
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6.1 Study 1. Comparison betweenChildren With and Without Speech
Difficulty

As mentioned in the literature reviewChapterl, previous studiehaveshown that
poorer spoken language skills and/or PA at the preschagéincreassthe risk of
reading difficultesin Englishspeaking children (e.g. Peterson et. al, 2009). Sitpilar
Mandarirspeaking children witl phonological disrderhave been found foerform

less well on PA and ZF spelling tasks (Yen, 2005).

In the presenstudy,questionnaireesponses Yearl (see Appendix 2:2)evealed

that 15.5%of the parents had been werestill concermda b out t heich chi | d
and/or language difficulty/delayhe speech output performance of the cohsrt

measured via the pictureaming task was carefully examiniedboth Years 1 and.2

Seven pupils were found to have persisting speech difficultiestr speech accuracy
performance on the pictuneaming task was substantially delayed in the first y&ar (

standard deviation from the mean of this cohdmtprder toinvestigate iftheir speech

difficulty was associated witliny difficulty or differencen theirliteracy skils, the

speech outpuPA, and literacyprofile of this group of childremvasspecifically

examinedat the second year.

When tested in the second year, each childnhaiek or less improwkhis/herspeech
output skills. The Wilcoxon Signed Ranks Test wased to exaime the differences
in their overall accuracy in picture namimgtweenYear 1 and Year.at was found
that the difference was statistically significan&(p.05). Their phonological

deviation pattern and theaccuracyin picturenaming taksin Yearl andYear2 are

listed in Tables.1.
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Table 6.1 Phonological deviationpatterns of children with speech difficulties

No. Chi | d: Year 1 Year 2
(Gender)  Accuracy Phonological deviation  Accuracy Phonological
(%) patterns (%) deviatin
patterns
1 HB (M) 23 Backing, stopping, 53 Backing,
lateralization affrication, deaffrication
deaffrication, onset
deletion
2 CY (F) a7 Final consonant deletion 97 Deaffrication
affrication, deaffrication
3 JX(F) 60 Deaffrication, onset 87 Deaffrication
deletion
4  WQ(F) 60 Backing 80 Backing
5 CYJ(F) 60 Stopping,backing 100
6 LT (M) 63 Backing, stopping, 77 Backing,
deaffrication deaffrication
7 LY (M) 67 Deaffrication 77 Deaffrication

" The accuracy of picture naming

Three of them had inmpved a lot and were within 1 standard deviation rangf@ar

2 according to the distribution of the performance of this cohort at the first year. Two
of them had received speech therapy in tBeadel period: one (CY) fotwo

half-hour sessions and tle¢her (CYJ) for ten. The third (JX)adalmost resolved her

speech delay after a year without apgech and languaggervention.

The remaining four hagersisting pronunciation errors and were freefrom speech
difficulty at Grade2. Further analsis of their phonological processshowed that
backing and deaffration were the two most frequent symptoms. The other
phonological processgsuch as stopping, lateralizatiaffrication, onset deletion,
andfinal consonant deletion, appear to h&een resolved byrear 2. The lsttwo
processes in particular are often targeted through the routine teaching of onset and

codaawarenesduring the first year of school.

6.1.1 Methodology

The seven children with significant speech output errors at theossnhool were
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categoriseas the speech difficulty (SD) group. Three of them had resolved their
difficulties by year 2. The remaining eightgven pupils in the cohort who had no

problem with their speech output comprised the typically developing (fddpg

6.1.2Results

Phonological awareness

Tables 6.2 and6.3 show the variety of PA profiles within the SD group (their accuracy
on each implicit and explicit PA task) both yearscompared to the mean

performance of the SD and TD groups.

Table 6.2 Percent ofaccuracy (%) in implicit PA of the speech difficulty group

Year 1 Year 2

Child Syl. Pho. Onset Rime Tone  Syl. Pho. Onset Rime Tone
HB 80 30 40 60 50 100 50 40 20 40
CY 100 30 53 30 30 100 60 73 60 70
JX 80 30 40 60 0 80 40 60 80 70
wWQ 100 20 67 50 50 100 40 80 50 70
CYJ 80 50 60 80 70 90 20 a7 60 70
LT 80 80 a7 70 50 100 40 67 90 80
LY 60 50 40 50 30 100 20 67 50 80
SD Group

ean 83 41 50 57 40 96 39 62 59 69
TD Group

83 45 59 65 46 91 48 78 7% 74

Mean

Note: Syl.: syllable; Pho.: phoneme
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Table 6.3 Percent of accuracy(%) in explicit PA of the speech difficulty group

Year 1 Year 2

Child Syl.  Pho. Onset Rime Tone Syl. Pho. Onset Rime Tone
HB 20 0 0 10 0 90 40 63 45 85
JX 60 -- 0 20 0 95 10 53 45 20
wQ 75 10 53 20 40 85 50 80 60 75
CY 90 00 30 60 70 85 40 13 90 10
CYJ 85 20 00 55 70 90 50 80 30 100
LT 75 20 00 85 55 95 60 20 100 85
LY 65 20 30 60 65 85 60 37 70 80
SDGrow g7 12 18 44 43 89 40 51 53 86
Mean

TD Group

79 30 49 58 58 89 46 67 78 86

Mean

Note: Syl.: syllable; Pho.: phoneme

The SD group performedds well than the TD speech group on most of the PA tasks,
exceptimplicit PA at thesyllablelevelin both years, andxplicit PA at the gllable
tonelevelsin Year 2. In other words, the SD group performed as well as their peer
group on the large unit P&nd suprasegmental PA but not on the small unit PA tasks.
A MannWhitney Testwas adopted to examiifethese differences were significant in
addition to differences between the two groups in their performance on other literacy,
RAN and spoken measurdable6.4 present®nly the significant effectsThefull

table is presented in Appendix 6:1.
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Table 6.4 Performancewith significant differencesbetweenspeech difficulty and
typical developinggroups

Speech Typical group Cohen'slT U  p value

difficulty
(N=7) (N=85)
Mean SD Mean SD

Non verbal intelligence 93 7.18 103.04 11.04 -0.93 113 0.02
Literacy (Max)

ZF Letter Knowledge (37) 3057 3.6 3446 291 -1.32 1015 0

Character recognition (T score) 40 6.73 52.83 18 -0.74 133 0.02
Y1 School &am (100) 8214 72 9375 5.8 -1.98 64.5 0

ZF Spelling (20) 7 383 987 348 -0.82 159 0.04

Read Accuracy ZFpd (24) 9.14 339 1222 331 -093 150 0.03

Character recognition (T score) 4486 5.34 56.32 13.89 -0.85 132 0.02
Y2 School exam (100) 90 52 9539 515 -1.05 103 0

Read_comprehension (T score) 5243 9.78 61.15 524 -155 86.5 0

Phonological awareness (Max)

Explicit PA_Phoneme (20) 233 197 59 42 -0.87 1195 0.03
Explicit PA_Onset (30) 543 7.07 1474 9585 -097 126 0.01
Implicit PA_Onset_ (15) 9.29 214 1164 263 -091 1425 0.02
Y2 Implicit PA_Rime (10) 586 227 774 16 -114 152 0.03
Explicit PA_Rime (20) 1057 535 1568 522 -0.98 147 0.03

Spoken Language Skills (Max)
Y1 Auditory_memory 733 163 998 257 -105 945 0.01

"Read accuracy_ZFopReading accuracy after ZF course

There was no difference between the SD and TD groups on anynieakiures.
Although there was a difference in ghe SD group hatbwer IQ than the TD group
- none of the childrewith SD performed less thanstandard deviatiobelow the
population averagd.he SD group also performed worse than the TD group on

auditory memory.

On PA, as stated above, the SD group performed worse than the TD group on the
small unit PA tasks. Unlikthe TD cohort whamproved significantlyon bothimplicit

PA at therime andonsetlevelsfrom Year 1 to Year 2Figure 3.1)there was no
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significant improvement on these skills in the SD gr@upe Z=-.14,p > .05; onset

Z =-1.93, p>.05).Yen (20@) suggests that suctpatternmightindicatean inability

to take advantage of learning through orthographic expeti€ncther, the SD group
performed less well on a few ZF literacy tasks, including ZF plus CH reading
comprehension; and was lower acfaies in the school exams in both years. However,
there were no differences between the SD and TD performances on CH reading
accuracy or CH legality judgement. The only CH task which showed a difference in

both years was character recognition.

In summarythe SD group performed less well than the TD group on: nonverbal 1Q,
speech processingral comprehensioand lettersound mapping skills, all of which

impact on their literacy acquisition after starting school.

6.1.3 Discussion

Previous studiebavearguead thatdue tothe natureof Chinese orthographiymplicit
PAatsyllable and tone levelre twoimportant predictors of character acquisition,
while implicit PAatonset and rime levelaakeno contribution. Tis effect is

apparent beforormal educabn oranyinstructionin a phonetic systeniSueet. al,

2008) In thepresenstudy,although theSD and TD groupshowed significant
differenceson CH recognitior{seeTable 6.4) there waso differencebetween them

on either implicit syllable PA or imgit tone PA Therefore, it seems that the SD
groups performance on implicit syllable PA or implicit tone PA did not disadvantage
their learning of CH recognitiof®n the other hand, the evidence that many small unit
PA skills showed significant differeas between the two paired groups seems more
critical, particular as ZF learning is majodynphasisedt the preschool stage in
Taiwan. That is, children are expectedearn ZF an@re not encourageo recognise
characters before schooling. The childvath speech difficulties might be hindered

by having to learn ZF prior to learning characters since they are not good at the small

unit PA tasks crucial for ZF learning.
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6.2 Study 2: Comparisons between Atypical and Average Readers

6.2.1 Methodology

In contrast to the previous section, Study Il is a retrospective study. In order to
identify the atypical group within the main cohort, a performance Bp#écentile

and below on the literacy tasks was sdtild@enwhose performance waetween the

45" and55" percentileon the saméasksacted as contrgjroup(i.e. the average
performance groupYhree literacy measur@s Year2, namely ZF reading accuracy,

CH reading accuracy and ZF plus CH reading comprehension, were chosen as the
target tasksTable6.5 presents information on the numbers and genders of these three

chosen pairs.

Table 6.5 The number of boys and girls performing below the 10 %e on these
literacy tasks (atypical) and between the 45 and 55 %iles (typical)

Boys Girls Total

ZF reading accuracy Atypical 7 9 16
Typical 12 13 25

CHreading accuracy Atypical 4 8 12
Typical 14 11 25

ZF plusCH reading  Atypical 9 3 12
Comprehension Typical 17 20 37

A MannWhitney Testwasthenconductedo compare the average raw scoresaahe
atypicattypical pair of group# all domains of the study, namely literacy, PA, RAN
and spoken language skills, at Grade 1 (longitudinal difference) and Grade 2
(concurrent differencelsiven that the number of differences between boys and girls
in the atypical group on reading comprehension is high, further analysis was
conducted to check the gender effect. It was found that ZF plus CH reading
comprehension is the only literacy task in this study to have a gender effect where
girls performed bettehtin boyqZ = 1.99, p <.05)In addition, girls consistently
performed better than boys at the following PA ta¥lear 10 implicit PA at the
onsetlevel (Z = 1.99, p < .05)implicit PA at thetonelevel (Z = 2.10, p <.05)
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explicit PA at theonsetlevd (Z = 3.37, p < .0%)Year @ explicit PA at thgphoneme
level (Z = 1.97, p < .05)This finding needs to be borne in mind when we considering

the results on reading comprehension.

6.2.2 Results

A comparison between poor and average readers in ZF reamj accuracyin Year 2
Firstly, comparisons between the poor and average groups in ZF reading asturacy
Year2 wereanalysedTable6.6 present®nly the significant effectsThefull table of

the descriptive statistias presented in Appendix 6:2

Table 6.6 Performance with significant differences betweenthe poor and average
ZF reading accuracygroups

Poor group  Average CohensC U p Value
(N=16) group

(N=25)
Mean SD Mean SD

Literacy (Max)

ZF_Letter Knowledge (37) 3213 3.9 3492 1.93 0.99 103.5 0.01
School exam (100) 88.4 8.36 93.16 5.16 0.73 110 0.02
Y1 ZF Spelling (20) 7.88 3.24 10.36 4.43 0.63 109.5 0.02
Read accuracy ZF_p{24) 6.67 2.92 9.28 3.18 0.86 1085 0.03
Read accuracy ZF_po(24) 9.63 2.22 12.16 3.22 089 107 0.1
Y2 Read accuracy_CH_ (24) 10.69 2.82 132 2.16 028 975 0.01
Phonological awareness (Max)
Implicit PA_Phoneme_ (10) 5 1.26 4 155 -0.7 1135 0.02
Implicit PA_Tone_ (10) 3.19 234 532239 091 104 001
vl Explicit PA_Rime_ (20) 7.75 6.86 12.64 6.24 076 117  0.03
Explicit PA_Tone_ (20) 6.56 6.42 13.8 3.73 148 69.5 0
Implicit PA_Rime_ (10) 6.75 1.39 8.12 1.64 0.9 1065 0.1
Y2 Explicit PA_Rime_ (20) 11.25 6.22 16.4 459 0.99 98 0.01

"Read accuracy_ZF pReading accuracy before ZF coyrsRead accuracy ZFopReading accuracy after ZF course

Given that groups are divided into typical atgpical based on their literacy scores,
the differences between literacy scores is not surprising. The interesting finding would

be where there are differences ontiteracy tasks. All significant differences were



found to be in either literacy or thé\Rlomain. Moreover, children with average or
poor ZF reading accuraay Year?2 did not differ significantly on their RAN and

spoken language skilis Yearl and 2

Apart from the two ZF reading accuracy task¥earl, only ZFletter knowledge

ZF sclool examand itsspelling taskshowed significant differencéstween the two
groups.The results indirectly imply that the poorer performance of children on ZF
reading accuracy might be closely connected to poorer ZF saapging skills,

which might appar as insufficient ZF knowledgéess well ZF academic performance
and/or an inability to spell out correctly what they had heard. This result was in line
with previous studies in alphabetic scripts (e.g., Muter et. al., 2004) and may relate to

less sensive phonological awareness skills.

Indeed, there were significant differences between the two groups on their PA
performance. @ildren who performed less well on ZF reading accuracy also had
lower accuracy rason phonemetone and rime PA tasks ¥ear 1, and rimePA

tasks onlyin Year 2. This poorer performance was fountath implicit and explicit
PA tasks and suggests that the atypical group has a core difficulty with input and

output speech processing skills (Stackhouse & Wells, 1997).

This cae difficulty is not necessarily apparent early on. For example, the atypical
groupon ZF reading accuragyerformed less well than the typical groupimplicit

PA at therimelevelin Year 2 but not in Year.This is not a usual pattern since both
implicit PA andexplicit PA at rime level improwésignificantlyin Year2 inthe
typically developing children. AVilcoxon test was conductexh these datdt was
found that both grougamproved inimplicit PA at therime level longitudinally
according to maaaccuracyHowever, for the atypical group, the improvement of

implicit PA at therime levelis not significant (Z 1.06, p >.05); butthe typical
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group did improve significantly (Z 2.60, p < .01)This result implies that the
atypical group in ZF refing accuracylid not profitfrom the ZF orthography
experience as muas their peer group during the first school y&anther word, no
reciprocalrelationship was found betweenplicit rime PA and ZF orthography in

the atypical ZF reading groufince ZF is a serasyllabic orthography lacking
consistent sountktter mapping on the rime (or syllable ending), the poor
performance on implicit rime PA over time fibre atypical ZF reading grolguggests:
(a) the increase in the difficulty level of magtegran orthography with less consistent
correspondence; (b) the reciprocity of ZF orthography andhBybeconfusing

rather than helpful in identifying similar linguistic units.

A comparison between average and poor readers in CH reading accuracy

Since character reading is the ultimate skill to be acquired for Mandp&aking
children, it is sensible to examine what skills would be closely linked to CH reading
accuracy at Grade Zable 67 shows those tasKkighlighted in greywhich show a
major gapin performance betwedhe averagandthepoor readers in CH reading

accuracyThe full table of descriptive statistics is presented in Appendix 6:3.



Table 6.7 Performancewith significant differencesbetweenthe poor and average

CH reading accuracygroups

Poor group Average groujCohen's U  p Value
(N=12) (N=25) D
Mean SD Mean SD

Literacy (Max)
Character recognition_T score 31 14.76 51.83 13.86 51.83 35.5 0

School exam_ (100) 86.5 10.12 93.12 5.82 93.12 81 0.02
Read accuracyZF__pr (24) 591 2.81 9.16 3.17 9.16 595 0.01
Read accuracy ZF__pq24)  10.25 3.19 1244 2.9 1244 76  0.02
Character recognition_T score 40.42 6.67 54.44 10.06 54.44 28 0
Y2 Read accuracy ZF (24) 9.08 3.06 12.76 291 12.76 55 0
Phonological awaraess (Max)
Y1 Implicit PA_Tone (10) 35 247 542 245 542 825 0.04
Rapid Automatised Naming (Sec)
Y1 Digit 47.17 14.02 36.82 10.77 36.82 70.5 0.01
Digit 38.95 10.66 30.46 8.13 346 685 0.02
Y2 Character 39.82 6.34 32.36 6.77 32.36 58 0.01

"Read accuracy_ZF pReading accuracy before ZF coyrsRead accuracy ZFopReading accuracy after ZF course

In general, the pattern of performance on tasks is different from previous results on
ZF reading accuracy. Firstly, rapid naming tasks beamiore important in this
comparison. Children who performed less well in CH reading accuracy also
performed worse in digit RAN in both years and on CH RANear2. They also
performed less well on the ZEl®ol examin Yearl andon charactebased tasks
suchascharacter recognitiomheirperformance on thiplicit tone PA task ir¥ear

1 was also less good but no spoken language tasks triggered any diffefaixes.
result seems to indicate that CH reading accuisacgnnecéd more closelyto
visuatverbal paring (reflected in RAN measuye¢hanto thespeech processing

system (eflected inPA measurg

Moreover, according to previous results where both implicit and explicit tone PA
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improved substantially after a year of schooling, implicit tone Pgelabol entrances

the only PA task linkdto in laterpoor CH reading accuracy. In other wardt is the

level of implicit tone PA acquired by daily expostweMandarin and/or Chinese

scriptthat isconnecedto later CH reading accuradn the basisf this result and its
implications, it seems to be sensible to propose the importance of tone PA in character

reading accuracy.

A comparison between children with average and poor reading comprehension
The last comparison of literacy skills Year2 ison ZF plus CH reading
comprehension. Tab&8 presents the measures on which there was a difference
between children with average and poor reading compreheii$iefull tableof

descriptive statistics presented in Appendix 6:4.
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Table 6.8 Performancewith significant differences betweenthe poor and average
reading comprehensiongroups

Poor group  Average group Cohent U p value
(N=12) (N=37) D
Mean SD Mean SD

Non verbal intelligence 92.08 6.2 105.1¢ 9.65 1.48 51 0
Literacy (Max)
ZF_Letter Knowledge(37) 32.25 4 3464 293 0.75 134 0.047

CH recognition (T score) 38.55 4.23 535 1349 1.26 49 0
CH recognition (T score) 43.75 9.07 57.38 12.23 1.19 76 0
School exam (100) 9142 5.09 96.38 286 1.43 87.5 0
Phonological awarenes (Max)
Implicit PA_Onset (15) 7.25 3.08 9.71 238 097 1005 0.01
Y1 Explicit PA_Phoneme(20) 291 2.74 6.38 4.02 0.93 98 0.01
Explicit PA_Onset (30) 8.25 10 14.86 10.25 0.66 126  0.03
Explicit PA_Syllable (20) 17.17 153 1811 154 062 1345 0.04
Explicit PA_Rime (20) 10.33 5.88 16.08 499 1.11 86 0
Rapid Automatised Naming (Sec)
Y1 Object 71.75 235 56.46 1424 -091 1295 0.04
Spoken Language skills (Max)
Vocabulary (Fscore) 105.17 7.69 113.7¢ 7.79 1.12 86 0
1 Picture Naming (30) 2408 7.15 2851 1.71 1.19 106 0.01

Firstly, nonverbal intelligence discriminated between those with average and poor
comprehension. Moreover, those with poor comprehension performed significantly
less well across the four domains measuBedh ZF and CH sKs in Years 1 and 2
showed a difference between the two grodjp® resuls suggest thaioor
comprehendersaddifficulty understanishg what they had read regardless of which
script they were readingn addition, both large and small unit PA skills, tmardar

onset PAnN Yearl, showed differences between the two groups. This result reflects a
mixture of the impact from two different orthographi€ke evidence that the atypical
and average groups differed on object RAbdcabularyand picture naminm Year1l
indicates that the task (reading comprehension) involves lexical representations and

accessTo conclude, the above results show the importance of the above skills for
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developing ZF plus CH reading comprehension. In other words, without mastering
these skills to some degree, children might perform less well than their peer group in

reading comprehension.

6.2.3 Discussion

The results show that in the poor readers, performance in the domains which
contribute tareading accurac{PA and RAN in partialar) vary depending on which
script is being readzurthemore,the profile of performances within the four domains

of PA, RAN, spoken language and literacy measures which contribrgedmg
comprehension is different frothatrelated to reading acagy in either CH or ZF

Thus when investigating literacy development in children learning more than one
script it is necessary not only to separate out reading accuracy and comprehension, but
also to examine separately performance on the different sevolsed.Although the
results based on the present analysis are limited in scope, they may indicate what
skills are important foacquiring average reading accuracy or reading comprehension.
Moreover, the pattern of results for the poor readers migkatéhe at risk profile

indicative of future literacy difficulties including dyslexia.

It has been proposed tr@aRAN deficit, particular in digit RANmight bepresenin
Mandarinspeakingchildren with developmental dyslexiand thathisis more

closely related to their character recognition ability than their reading comprehension
(e.g.Hsieh& Tzeng 2004).This idea is supported to some dedogehe results of

the present study. Children in the poor and the average group for CH reading accuracy
showed significant differences in digit RAN in both year 1 and 2, and CH RAN in

year 2 (see Table 6.7). However in yeairplicit tone PAperformance waalso

differert in theatypicalandaverage groups iBH reading accuracyhusRAN and

PAmay be seprate markers fadentifying difficultieson learningCH and ZF
orthographiesespectivelyln other word, there is a relationship between

performance on literacy tasks and the writing system.used
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To conclude, &igh percentage of the script with bgthonological and lexical units,
such as phonetisemantic compounds, would be a feasible way to make the writing
system easily adopted among various languages (or dialects). Consequently, the
soundscript mappings of the kind of characters would becomeptioated as the
original pronunciation of a character might not be the same in a particular language
background. The complicate mappings would makesstlabic PA skills less critical

in its developentbut more linked to RAN performance which requireykabic

speech output. In contrast, ZF orthographic system highlights more on regular
soundscript mapping and would therefore related more orssilabic PA skills. The
divert patterns of demand between ZF andr@ight therefore impact more on high

risk readers whose PA or RAN skills is less complete.

6.3 Conclusions

Although the two studies presented in the chapter are small in scale, they are the first
studies of how children with speech and/or reading difficulties tackle the two different
scripts,ZF and CH. It is not possible to compare the SD and poor reader groups
directly as some of the participants belong to both groups (sudildXand110HB).
However, some interesting results were found. For example, it was the children in the
poor ZF readig and SD groups that failed to progresth implicit rime and/or onset

PA taskswhich supports previous studies that children with speech difficulties may
also have difficulties with PA. This finding raises questions about the benefit for the
SD group ofearning ZF as a support for CH acquisition as required in the national
curriculum. However, it also contributes to our understanding of how young children

at risk of developing literacy difficulties might be identified early in year 1 of school.
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Chapter 7
General Discussion and Conclusion

This study focuses on the critical transitional period when Mandaeaking

children learn to read two diverse orthographies during their first school year. The
study systematically examined the development of Padaet the first and the

second school year, including implicit and explicit PA on various linguistic levels. The
impact of both spoken language and written languages was carefully reviewed and
taken into account. A group of literacy skills, including regdiccuracy and
comprehension, and RAN were also measured. Finally, emergent poor readers and a
group of children with speech difficulties were specifically examined. In this last
chapter, general discussion of what has been investigated in the study and it
relationship to previous studies will be presented. An indication of the perceived
strengths and possible contributions of the study will then be presented, as well as
suggestions for improvements. Possible applications of the results and future work

basd on the outcome will conclude this chapter and thesis.

7.1 General Discussion

7.11 Literacy Development in Two Orthographic Systems

In Taiwan, learning ZF at the beginning of the first grade before learning characters is
required in the national cucalum. The ZF phonics instruction during the first three
months of Grade 1 seeks to set a good foundation for later character acquisition.
However, the theoretical or practical evidence for the above compulsory arrangement
has lacked systematic examinatemd discussion, failing to mention alternatives that
might be useful for children who have special needs. Previous studies focusing on
literacy acquisition of Mandariepeaking children assumed that written language
competence in Chinese characters veugimdepended on the foundation of spoken
language skills (e.g. Ho 2005). However, what we have not known in detail is the

psycholinguistic impact of learning a transitional orthography (i.e., ZF) before the
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formal orthography (characters), particularly whkese two orthographies, though
visually similar, are totally different in their soursttript mapping. This present study
may be the first systematic attempt to investigate the trajectory of literacy acquisition

in Mandarinspeaking children and the ingiaof instruction in both ZF and CH.

The first important issue to discuss is whether learning ZF has any negative effect on
subsequent learning of CH, as mentioned in previous studies (e.g., Chen & Yuen,
1991). In the present study, it was found thasgElling made a unique contribution

to the reaction time in making a judgement of chara@tadscal format in year 2.

This suggests that there is a close association between ZF writing skill and the fast
response to minor differences in the appearahcharacters. The result may be

attributed to the similarities in the characteristics of scripts in ZF and CH, such as the
fact that both of them are composed of strokes, as suggested by previous studies (e.qg.

Ou, 2011).

Moreover, it was found that, despihe different orthography systems, both ZF

reading accuracy and number of charaatecegnisedefore formal education may
already predict the number of charactesognised year later. This finding suggests

that literacy teaching in the first yeairschool does not alter the pattern of differences
among children that already existed before school starts. The result echoes the results
in previous studies demonstrating that CH acquisition in primary school seems mainly
to be achieved by rote learnif@g., Wu & Huang, 2004). Another possible

explanation is that current literacy instruction is ineffective in compensating for

differences between children that are already present before they start school.

Thus, it seems that learning ZF does not ashigraffect the learning of characters.
Rather, it enhances the ct@damiliarity with the script of characters. However,
learning ZF does not have a positive effect for school entranmescognisingnore

characters. In order to know what skills aréical for CH acquisition, it might be
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necessary to examine further the linguistic features and cognitive processes involved

when reading the orthography.

Lastly, differentprofiles of performances within the four domains of PA, RAN,
spoken language atiteracy measures contributedifferently to reading
comprehensioand reading accuraggee table 6.6, 6.7 and 6.8his suggests that
therearetwo independent dimensionse., word recognition and language
comprehensiarto becoming a skilled readevhich is in keeping witlthe Simple
View of Readig put forward byGoughet al. 1996. Further both ZF reading
accuracy and CH word recognitipredictedreading comprehension longitudinally
(see Table 5.8) during the early school ysaiggesting thatetter word reading

would lead to better reading comprehension at a later stage.

7.12 Relationships between PMevelopment and Literacy

Acquisition

Using a new PA battery composed of PA tasks at various linguistic levels, the study
investigated howPA develops in Mandariepeaking children after literacy instruction
starts, and whether PA is a good predictor of literacy acquisition a year later. The
question of whether children with speech difficulty would be disadvantaged in literacy
acquisition, de to possible atypical development of their PA skills, was also

addressed.

A comprehensive PA battery was specifically developed to tap the different linguistic
levels underlying both implicit PA and explicit PA. This PA battery is based on a
common unidesign where children listen to a pair of words and are asked to produce
the shared unit, and which has been used to test Exsglestking pupils who had

been taught phonergwapheme mapping (Duncan & Bolik, 1998he cognitive

demand of the design walaiened to fit better for those children who had received

reading instruction and may understand the task &rb(er& Goswamj 2005. In
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this study, our evidence showed that the cohort had good ZF letter knowledge (see
section 4.1.1). Therefore, adogithe common unit design in the PA battery for
assessing Mandarspeaking children at school entrance would not make the tasks
too difficult for them. In addition, the comprehensive PAdratin this study is an
advance on previous Mandarin PA battesiege it adopts pseudeord stimuli and
therefore no lexical processing is involved in responding to PA tasks (Chan, 2005;
Huang & Hanley, 1997; Ko & Lee, 1996; Sue et al., 2008; Xu, 2004, Yen, 2005). Also,
it takes account of specific linguistic propestiaf the Chinese language family, such

as tone variation and the differences between Mandarin and Taiwanese in onset

phonemes.

As addressed in the discussion section of Chapter three, PA performance at school
entrance and its development in the first stlyear were in line with previous studies
whereZF or pinyin instruction was found to have major impact on the improvement
of onset and tone PA, in both implicit and explicit PA ta&se, et. al., 2008; Xu, et.
al., 2004). However, whereas children imiMand China demonstrated limited

implicit PA on onset, rime and tone levels (range383246) at the beginning of
schooling (Xu, et. al., 2004), in the present study, the accuracy rates of the cohort
were 59%, 65% and 47% on the onset, rime and tone lesgsctively. The

difference might be attributed to the popularity of informal ZF lestamd mapping

instruction in preschools in Taiwan (Hung, 2008).

Another important issue is the development of phonemic PA in Manrsiaeiaking

children. Previoustadies showed better phonemic PA performance in later school
years, either in an implicit oddity task conducted at Grade 4 or an explicit deletion

task conducted at Grade 5 (Chan et. al., 2005; Xu, et. al., 2004). The results suggested
the long lasting intience of ZF or pinyin instruction on phonemic PA development. In
the present study, implicit phonemic PA remained similar between year 1 (45%) and 2

(47%); but the accuracy rate of explicit phonemic PA improved significantly from
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29% to 45% between yearahd 2. As explicit phonemic PA seems to have improved
as orthography experience increases, it is possible that accuracy rate of explicit
phonemic PA in Mandarispeaking children in their later school years will grow
faster than that of implicit phonemiRA. However, this improvement might not

simply reflect the development of phonemic PA skill but also the effect of
orthography experience. This hypothesis would warrant further examination in a
follow-up study to know whether it is necessary to have Zklsvalongside CH till
Grade 4. Particularly, in this study, it was found that CH acquisition might not benefit
from small unit PA. Therefore, it becomes questionable whether PA skills facilitated
by ZF orthography experience might occupy more cognitiveuress than the PA

skills closely related to character acquisitisagh as Irplicit PA ontherime and

phoneme levels (see section 5.1.1).

To date, it has been difficult to establish if PAis a precursor of later literacy
acquisition in Mandarispeakingchildren. Previous studies have focused mainly on
correlation analysis between PA and CH recognition and found significant concurrent
correlations (e.g., Huang, 1997). Recently, one study in Hong Kong examined the
effect of explicit syllabic PA on prediag character recognition and found a very

limited unique contribution (1%) (Tong et. al., 2011). The systematic examination of
PA factors as predictors of literacy acquisition in the present study makes an important
contribution to this issue. For exampiiewas found that PA as a predictor reflects the
grainsize levels of phonological representation accessed in different orthographies. In
general, small unit PA was closely linked to-#fated tasks; larger unit PA was

involved in the auditory input tkse.g. ZF spelling; and tone PA had a concurrent and
unique predictive effect on character knowledge, such as radical pgsdgement
Therefore, in the Taiwanese context, where children are required to learn ZF before
CH, small unit PA skills, such ggoneme, rime and onset PA, are critical for literacy
achievement. However, tone PA may be the main precursor of future character

knowledgewhen learning CH over a longer time period.
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The present study also explored the relationships between PA &mhdpoguage

skills. In particular whether children with speech difficulty experience atypical PA
developmeniayinfluence and/orelate totheir literacy acquisitiom turn. This

concern has been investigated in several studies of English speakimgrctiié to

the close link between PA and literacy acquisition in alphabetic languages (Dodd &
Gillon, 2001; Hesketh, 2004; Stackhouse & Wells, 1997). For example, children with
a history of speech output difficulty are also at riskeafding difficulty ata later stage
(e.g., Peterson, et. al., 2009). However, in Taiwan, only one réattesis has

focused on the issue (Yen, 2008). In that study, children with persisting speech
difficulty at Grade one (age betweei7pperformed less well on explicit sgble and
onset PA tasks, and were also poorer than the control group on ZF dictation, spelling,

and reading aloud of ZF letters, words and tones.

The present study supports these findings but extends them by examining the diverse
patterns between the tvasthographic systems. First of dlhe speech output skills of

the cohort predicted both ZF reading accuracy at Grade 1 and CH reading accuracy at
Grade 2. This result shows the close link between spmepht skills and ZF and CH
reading accuracydowever, dildren with speech difficulty performed less well on

some small unit PA skills and ZF literacy tasks, including character recognition and
ZF plus CH reading comprehension. These children also demonstrated lower
achievement in the school exams intbgears but showedho differences in their
performance on CH reading accuracy or CH lega@lidlgementTherefore, it is quite

likely that Mandarirspeaking children with speech difficulty will have poorer small
segment PA skills which are closely linkedfuture ZF literacy performance and the
amount ofrecognisedharacters. Their disadvantage on CH acquisition may not relate

to CH decoding but with the complicated mapping of sesgrgbt among characters.
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7.1.3 Relationships between RAN and Literay Acquisition

The second theme of the study is an investigation of the links between RAN and
literacy acquisition. From a psycholinguistic perspective, RAN involves converting
visual written input to serial speech output. This process relies on preceddigg
experience and/or practice (Clark&jime & Snowling, 2005)Iln contrast to the core
phonobgical processing theoryVagner & Torgesen, 198 7he doubledeficit
hypothesis\(Volf & Bowers, 1999 distinguishedbetween phonological awareness and
RAN when discussin@inks with reading This hypothesisuggestshatRAN has a
unique role irhighlightingspecific aspectsf reading difficulty, such as central
processing deficiftThe evidence from tharesent studis more in keeping with the
double defid hypothesis since the links between either PA or RAN and reading are
different. The link between PA and reading was different for ssttabary (ZF) and
morphasyllabic (CH) orthography systems. However, the association between RAN
and reading accuraayas not different for the two orthography systeBwth ZF and

CH word reading accuracy were significantly predicted by digit RAN. Graphological
RAN and ZF and CH word reading accuracy was found to reach a similar level of
automaticity which might dependat on visual processing or orthographic

representation.

Furthermore, the evidence from this study implies thatorthographic difference
between ZF and CH is impossiblelte detectethy RAN tasksThis might be
because both ZF and CH are constituigdewer or more strokes even though they
are based on diverse scrgiund mapping rules. As also suggeste/ibyl,
Fussenegger, Willburger and Landerl (20093eems that RAN is not a measure of
orthographic processinglthough different level of ¢mographic representations is
required to naming variougaphological stimuli speedily.
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Regarding the relationship between rgraphological RAN and concurrent reading
performance, in the present study, children performed faster on the graphological
RAN tasks (ZF and CH) than the nrgraphological object RAN tasks. This finding
replicates previous studies of Mandasjpeaking childreie.g. Liao et al., 2008
Moreover, graphological RAN with higher automaticity level represents a better
predictor of laér reading performance than ngraphological RAN, as mentioned by
Wolf (1991). However, this does not mean that-gaaphological RAN was not
associated with reading. In this study, object RAN significantly predicted concurrent
reading tasks related taxieal access. The concurrent link between-gaaphological
RAN and reading might only be found during the early stage of literacy acquisition
when reading accuracy and/or fluency is uralereloped.. Nevertheless, the link
between norgraphological RAN ath concurrent literacy in both ZF and CH did

highlight the importance of object RAA the early stage of literacy acquisition.

Another aspect of the link between RAN and reading has been observed in studies of
Chinese readers whed&it RAN accounted fothe variance otharacterreading
accuracyandfluency. The concurrent association between digit RAN and reading
accuracy increased when Chinese reading skills improved, while the opposite had
been observed in English studies (e.g. Liao et al.,)200& pattern was not

replicated in the present study, which looked at a younger cohort than previous studies.
The concurrent associations between digit RAN and character recognition (Year 1 r
=.20"; Year 2 f = .12") or ZF reading accuracy (Year4=.14": Year 2 f = .08")
decreased fronffearl1 toYear2. Thus, although the variability of the relationship

between digit RAN and reading accuracy across languages might be slight during the

early school years, it might increase as literacy skill improvesther words, digit
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RAN is a good predictor of reading skills across languages, as suggested by previous
studies (Georgiou, Parrila & Kirby, 2006; Ho, Chan, Tsang & Lee, 2002; Tzeng,
2004). However, it is the early school years when digit RAN is thagest

concurrent predictor of reading accuracy, especially in bilingual children.

To conclude, instead of proposing that the role of RAN varies as a function of the
orthography system (Liao et al., 2008), the present study of early school children
places more emphasis on the crligguistic stability of graphological RAN as a
predictor of reading performance, whether concurrently or longitudinally. However,
the role of norgraphological RAN in predicting lexicaélated literacy skills should

not be ignored. Moreover, at this stage, RAN represents kind of processing different
from both phonological processing and orthographic processing, according to the

evidence found in this study.

7.14 Relationships between Spoken Language Skills and Literacy
Acquisition

The third theme of the study is ¢aplorethe role of spoken language skills in early
reading acquisition in Mandarspeaking childrerPrevious studies have suggested

that the link between spoken language skills and literacy might focus om (a) th
association between oral comprehension and reading comprehension; or (b) word
recognition (e.g. Nation & Snowling, 2004; Ricketts et al., 2007). In the present study,
vocabulary and auditory memory were associated longitudinally with CH reading
accuracyCH recognition and CH knowledge. However, the variance of ZF word
reading or spelling could not be explained by spoken language skills. This pattern
suggests that the link between spoken language skills and word recognition varies as a

function of the otography system. It is worth noting that in both the ZF and CH
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word-reading tasks, only words familiar to school entrants were included. Thus, the
diverse relationships between CH and ZF waading and spoken language skills
should be attributed not tdipnological skills or nosphonological language skills but
to the orthographic characteristics. In contrast to ZF, lexical radicals in Chinese
characters might be the main source of the association between CH and spoken
language skills which require lexicaccessing as well. Most Chinese characters are
inconsistent in orthographighonological mapping and are very much likecatied
exceptional words in studies of readers of English (e.g. Ricketts et al., 2007) where

recognition of exceptional words waesely related to vocabulary span.

Regarding the link between spoken language skills and reading comprehension, the
evidence from this study supports the view that this link is linguistically universal (e.g.
McBride-Chang et al., 2010). In the presenidst, all spoken language skills, except
semantic fluency, were significantly associated with reading comprehension. This
suggests that oral language competence is a main contributor to reading
comprehension and is consistent with 8imple View of Readin{Catts et al., 2006;

Gough et al., 1996; Stuart et al., 2008). Since earlier (year 1) semantic fluency did not
relate to later reading comprehension, it is very possible that, in the early school years,

reading comprehension does not necessarily retacing fluency.

To summarize the roles 8A, RAN and spoken language skills in early reading
development in the context of two orthographic systems, a simple but evioEsexd

box and arrow figure is presented in Figure 7.1. The restdsentedn the figure are
based on the ongear longitudinal analyses and discussion presented in both Chapter
5 and this chaptepatrticularly he relationship between the performance of the two

orthographic systems on both word reading and reading comprehé&essaction

214



7.1.1) The squares represent the independent variables, and the circles the various
literacy skills, categorized into word recognition and reading comprehension
according to the twalimensionalSimple View of Readingach arrow with a white
arrovhead shows a longitudinal predicting effect which exists across different
cognitive domains. Each arrow with a black arrowhead shows a longitudinally

predicting effect which exists within the literacy domain.

. Spoken Rapid
Phonological P b
Language Automatized
Awareness ; ;
Skills Naming

Character

Zhuyin Reading Readinie

Reading
Comprehension

Figure 7.1A model of early reading development

in Mandarin -speaking children

In summary, Figure 7.1 presents how PA, oral language skills and RAN each relate to
ZF and/or CH reading as well as to reading comprehension in the early school years.
Within the literacy domain, ZF predictdHJperformance, but not vice versa. However,
both ZF and CH reading showed direct association with reading comprehdrisgn
model suggests that:

a) The development of PA and oral language skills prior to formal education is an
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important foundation for feracy acquisition in both ZF and CH reading.

b) Programmes that enhance spoken language skills prior to formal education should
be considered as a means of developing a firm foundation for later development of
later CH reading and comprehension.

c) PAskills are directly related to ZF reading performance but not to CH reading
performance where there is only an indirect relationship via firstly learning ZF.
Therefore, programmes that support the development of PA skills prior to formal
education may enimae ZF reading which in turn contributes to the development of

CH reading. However, children who have difficulty or delay in developing PA, may
benefit from bypassing learning ZF as a prerequisite to learning CF and instead learn
CH directly and earlier.

d) As RAN contributes to both ZF and CH reading as well as to reading
comprehension, it can be used as an index of readiness for acquiring literacy. The
corollary of this is that a poor RAN performance may indicate children who are

atrisk for reading dificulties regardless of which orthography system they adopt.

This model provides a good startipgint for further investigations focusing on
trajectory development between cognitive processing skills, oral language skills and
literacy skillsin later schol years. Additionallythe indirect effectrom PA, oral

language skills and RAkwardZF/CH reading skills at the word level as well as
reading comprehensiamarrans further examinationSuch a study may lead to a
stronger rationale for a preventiorogramme which focuses on PA and oral language
skills at the preschool stage in order

on reading comprehension at a later stage.

Now that the three main themes of the study have been discussed, thectiers
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will present the contributions of the study, suggestions for improvement in

methodology, general practical implications, and the direction of further studies.

7.2 What this Study Contributes

A main feature of this study is an investigationtd telationships between literacy
acquisition and critical cognitive factors, such as PA and RAN, and spoken language
skills in Mandarinspeaking children who are taught ZF before CH. In this section,

what this study contributes will immarise@nd elabrated.

The Phonological Awareness Battery

The Phonological Awareness Test Battery developed specifically for this study is the
first of its kind for Mandarin speaking children. It is based on the sound structure of
Mandarin, the psycholinguistic mod#fl Stackhouse and Wells (1997), and the
conclusions of a previous study of PA development in preschool Marsfaaking
children by Sue et. al. (2008). The inclusion of psewdad stimuli on five linguistic
levels and both implicit and explicit task dgs$ means it is the most comprehensive
PA test battery used to date in a study of Mandspeaking children. It provides a
framework that can be adapted for children from syllabic and tonal language
backgrounds, particularly East Asian languages. A rdwsesion with better

reliability for the use of both researchers and practitioners could be develbipied

couldfocuson taskswvhichtap grainsized PAsuited to the language in question.

The Development of Suprasegmental PA
By the systematic invesagion of PA development in Mandargpeaking children via
factor analysis, a critical aspect of the development of tone PA emerged for the first

time. That is, tone PA in Mandarin shares a common factor with large unit PA
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(PA_syllable) before the ZF tramg course; but dissociates from-Bgllable and
follows its own path after one year of ZF and CH instruction. The finding reveals the
prosodic nature of suprasegmental PA before schooling and how it is changed by the

experience of a phonetic orthographg, i ZF.

The Pros and Cons of Learning ZF before CH

Even though the learning of ZF is compulsory in the national curriculum in Taiwan,
no study has questioned the pros and cons of learning ZF foetdongCH

acquisition as the present study has done.ekperience of learning ZF before
characters connects metalinguistic PA skills to ZF orthography, whose-ktterd
mapping is mostly regular. This experience might strengthen pfifgtampression

that written scripts are used only to represent fplganological characteristics.
Consequently, they are familiar with accessing the lexical information via
phonological processing on small unit linguistic levels, which is very much
emphasiseth decoding ZF words. However, character orthography involvetaby
different process of sourgtript mapping where phonological information is neither
the only clue nor a regular guide to its pronunciation. Moreover, lexical information
expressed in characters on the radical level is usual. Children have tobeaged

to strengthen the link between sound, script and morpheme to improve their reading
fluency before they can read without the support of ZF words. For the next step, the
tradeoff interaction of psycholinguistic processes between learning these two
orthographies at a later stage and how it devabpsquired to establish empirically

at what stage the ZF support can be discontinued

7.3 Recommendations for Further Studies

Generalisinghe findings from this study is limited by a number of factbeg tould

be addressed in subsequent studies. The first practical limitation was the number of
participants. A larger cohort would be beneficial for multiple regression analysis. It

was not feasible to include more participants in the present study befduse
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limited time and manpower available to collect comprehensive baseline data within

the first three months of the study.

Another improvement would be to include psewdwrd span as a subtask of PA and
measure it in both year 1 and 2 of the studyt & a task that can be used to examine
whether the design of the implicit PA tasks risks overloading chifsirgarking

memory capacity. The present results suggest that the items of thispsmddspan
task should range from one to five syllablensts for preschool or early school
children The testretest reliability of the pseudword span task could also be

recorded when it is first conducted.

If it were possible, it is also suggested to include repeatedly measuring PA one or two
weeks aftertte end of the ZF intensive course so that we may see the direct impact of
the ZF course on PA development and also exahomePA develops after the CH

orthographic system is introduced.

Lastly, there are a few improvements that could be made if thet@kybdeveloped

in the study is to be published in the future and used more widely. Regarding the
design itself, it is good to include a variety of linguistic levels in the PA subtasks.
However, since PAis a developmental skill, it is suggested thatloydg linguistic
levels should be included which are specific to the language spoken as well as
appropriate to a particular age range of participants. In the case of Masyeaking
children at school entrance, implicit PA might be excluded as it maghienacquired
naturally in a Mandarin environment and might be greatly influenced by ZF
instruction. A thorough solution would be to establish local developmental norms so
that it is clear which linguistic levels of PA should be included for which ageggrb
children, according to which language they speak. This will shorten the tedious testing
procedure by leaving out those subtasks on a few linguistic levels which are not

relevant for certain participants. An extra advantage of cutting down the sufiiagk
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particular group is to include more trial items for each relevant level rather than

mixing teaching items and testing items together, as was done in the study.

7.4 Practical Implications
There are several practical implications based on the oetcofithe study for

researchers, clinicians, teachers and education policy makers.

Cross-inguistic Application

The study provides substantial evidence of how written languages affect PA
development after schooling at various linguistic levels and hderelift

orthographies might shape distinct patterns of literacy acquisition. This evidence may
be applied to other syllabic or tonal languages as well as other occasions where
syllabic writing systems are dominant. Moreover, in addition to Taiwan, othes are
using characters as their official written form, such as Mainland China and Hong
Kong, may be persuaded by the outcomes of the study to pay more attention to the
link between spoken and written language, as well as to their policy on literacy
instructian. Further studies of populations/cohorts whose mother tongue is different
from their written script would be helpful in forming a more comprehensive
psycholinguistic theory to explain the essential and varied processes of literacy

acquisition.

Assessmenand Intervention for Children with Speech Difficulties

The PA battery developed for this study could be used by speech and language
clinicians to profile the PA development of children with speech difficulties. For
example, for preschool children, thetieay could be used to examine which linguistic
levels of phonological awareness a child has already acquired and what targets to set
in line with their PA capability. Further, knowing if a child has developed implicit
and/or explicit PA skills, allows aicician to know what kind of stimulus or response

would be appropriate in therapy. Lastly, those measures which detect the gap
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experienced by children with speech disorders and their peer group may be carefully

monitored from their preschool age and coesad for involvement in therapy targets.

Collecting the Profiles of HighRisk Readers

By adopting the four domains of measures used in this study, namely spoken language
skills, PA, RAN and literacy skills, the various patterns of chil@strengthsrad
weaknesses in literacy acquisition were identified in their early school yémse
measures, detected children who were ‘rigk poor readers, could be used by

teachers and clinicians to identify early children at risk of later literacy difficatids

to monitor their progress and response to any intervention.

Literacy Instruction

There are three main implications for ZF and CH instruction in literacy acquisition.
First, it is necessary to include ZF instruction in the last year of prescheallitate
childrers ZF letter knowledge. Second, Chinese characters, particularly those with
simple strokes and a rich embedded lexical message, may be introduced informally to
stimulate childred character knowledge and enable them to accunmeledgnsed
characters at an early stage. Third, it may be worthwhile for children who have
difficulty in learning ZF because of their weaker PA to acquire CH directly, as
characters demand less smaiit PA skill than ZF. Therefore, although learning ZF
before GH is currently obligatory for the sake of lotgrm CH acquisition, it is

suggested that some flexibility is desirable particularly for those children with a
speech difficulty or dyslexia who may fin d it easier to learn characters directly
without being equired to read ZF first. Experiencing some success in learning
characters rather than failing to grasp the small unit PA principles involved in ZF may

also help to maintain their interest in learning to read.
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7.5 Future Directions

The present study fod that the number of characteesognisedt Grade 2 could be
predicted by the ZF reading accuracy and character recognition skill of the children
before they began their formal education. This early experience is therefore worthy of
further investigatia. In particular what factors influence the numbereabgnised
characters in Mandarspeaking preschool children and how this early character

recognition can be acquired.

Another direction for further study was mentioned previously in Chapter 6. Based
the preliminary results of differences between atypical and average groups, further
studies might include matched groups comparisons on reagmgnd speech
outputage, as well as on chronological age, as a means of exgrmnther the skills
necesary for reading accuracy and comprehension, and which are more vulnerable in
children with speech difficulty or poor literacy skills. These findings would also
contribute to the development of eviderimesed early screening and intervention.
addition,including more qualitative error analysis than was possible in the present
study could investigate whether phonemic PA is critical for ZF and/or CH acquisition.
For example by examining the errors made on explicit phonemic PA tasks, or by
collecting data o the further development of phonemic PA in the same cohort. Such a
follow-up study would expand our knowledge about the nature of phonemic PA and

how it is shaped by orthography experience.

Lastly, the PA battery itself could be developed further arighed, once its
psychometric properties, such as objectivity, reliability and validity, have been
checked and local norms for Mandasipeaking children have been set. It is also
feasible to develop a screening measurement of high risk readers balseseotasks
in the battery that are sensitive enough to distinguish poor readers from average

readers.
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7.6 Conclusion

Even though PA has been widely investigated in relation to its critical role in literacy
acquisition in either the Chinese languageifaor alphabetic languages, little

attention has been paid to the trajectory of its development before and after schooling
and how PA in Mandarkspeaking children relates to specific orthography experience,

family languages and literacy instruction.

This study has investigated PA development over the critical transitional period when
Mandarinspeaking children are learning to read two diverse orthographies during
their first school year, by designing a comprehensive PA battery and conducting it
repeatety at the beginning of Grades 1 and 2. Concurrent spoken language skills
were assessed as well to clarify further whether PA is a primary linguistic skill or is
more likely to be a cognitive and metalinguistic skill. Another cognitive factor linked
to literacy acquisition and developmental dyslexia in Chinese, RAN, was also

included and assessed twice in this-gaar longitudinal study.

Careful examination of how spoken language skills, PA and RAN predict performance
on various tests of literacy in ZF&&H, including reading accuracy, letter

knowledge and reading comprehension, demonstrate concurrently and longitudinally
that diverse patterns of critical preceding skills are linked with each orthographic
system. The present study, to the best of ouerstanding, is the first to examine the
pros and cons of learning a sesyilabic orthography, ZF, before Chinese characters.
Furthermore, the preliminary finding in this study of the disadvantage of learning ZF
before characters for children with speedfialilties provides an evidenedeased
argument on how to facilitate their lotgrm character acquisition. In addition, a

profile of target skills to be monitored by teachers and/or clinicians forriggh

readers was presented in the study which cablermarly formal assessment and

monitoring to take place and intervention to be planned.
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To conclude, this study provides an inclusive perspective on how Masspeaking
children in Taiwan develop their early written language skills on the foundzation
spoken language experience aelhted tawo cognitive factors, namely PA and RAN.
The present study provides solid psycholinguistic evidence of the reciprocal
relationship between cognitive skills and languages, including spoken and written
languagesand its outcomes lead to many interesting topics for further study, such as
character acquisition at the preschool stage, critical cognitive deficit of developmental
dyslexia in Chinese children, and the nature of phonemic PA in Marsiaeaking

children and how it is shaped by orthography experience.

The findings can also help practitioners to identify children at risk for literacy

difficulties early, and provides evidence for policy makers to discuss the best teaching

methods for developing literaskills in young Mandarin speaking children.
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APPENDICES

Appendix 2:1a® Departmental Ethics Approval on 2009

ETHICS REVIEWER’S COMMENTS FORM

This form is for use when ethically reviewing a research ethics application form.

1. Name of Ethics Reviewer: Dr Richard Body

Dr Patricia Cowell

Dr Stuart Cunningham

2. Research Project Title: Literacy development of Mandarin-
speaking children

3. Principal Investigator (or Supervisor): | Lili Yeh

4. Academic Department / School: Human Communication Sciences
5. 1 confirm that | do not have a conflict of interest with the project application
6. | confirm that, in my judgment, the application should:

Be approved with | Be approved providing
suggested and/or requirements NOT be approved
Be approved: amendments specified in ‘8’ below for the reason(s)
in ‘7’ below: are met: givenin ‘9’ below:
v

7. Approved with the following suggested, optional amendments (i.e. it is left
to the discretion of the applicant whether or not to accept the amendments
and, if accepted, the ethics reviewers do not need to see the amendments):

8a. Approved providing the following,>compulsory requirements are met
(the ethics reviewers do not need to see the required changes):

8b. Approved providing the following, compulsory requirements are met
(the ethics reviewers need to see the required changes):

9. Not approved for the following reason(s):

10. Date of Ethics Review: 5 August 2009

% The number beforthe colonwill always refer to thehapterof the thesis
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Appendix 2:1b Departmental Ethics Approval on 2010

Department of Human Communication Sclences
Th 31 Claremont Crescent
e Sheffield S10 2TA UK
]
Unl“ erslt.y Head of Department
Professor Joy Stackhouse, rhn, PRCSLT, Clcbal, A RIS
She‘fﬁeld' Telephone: +44 (0) 114 222 2418/ 2402/ 2405
International: +44 (00 114 211 2418

Fax: +44 (00 114 273 0347
LEmail: hes-support@sheffield.acuk
hitp:www.shefacuk'hes

17" September 2010
Dear Lily

Title: A Study of Literacy Development of Mandarin-Speaking Children

Thank you for your submission to the HCS Research Ethics Committee. The committee
has reviewed your submission and supporting documents and grants you approval to
commence the research.

We hope your project proceeds smoathly
Yours sincerely

RO

Prof R Varley
Chair of HCS Ethics Committee
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Appendix 2:2 Family History Questionnaire

Chil d&és frnmtondngdevelopment

Notification: All the information in the questionnaire will be used only for academic purpose
and wil|l be carefully kept confidenti a
after you fill it in. Thank you very much.

1. Chiédobés nam

2. Date of Birth: (year/month/day) / /

3 Parentds nationality:

-- Father: Taiwan, R.O.C. Others (please notify it)

-- Mother: Taiwan, R.O.C. Others (please notify it)

4. Parent 6s educati on:

-- Father: elementary secondary school college university above uiversity

-- Mother: elementary secondary school college university above university

5. Famil yds gene((l&sBPI48NMT) me per mont h
Below NT 50,000
NT 50,00@ NT 100,000
NT 100,00@ NT 200,000
Above NT 200000
6. What languages and their propotion are spoken to your child ? (Tick all that apply
and notify its percentage of use, e.g., Min [30%] and Mandarin [70%)])
Min dialogue, percentage:
Mandarin, percentage:
Hakka, percentage: .
Others; (please notify what it is and its percentage) .
7. Have you ever been concerned about vyou
development?
No
Yes
If yes, please explain:
8. Has your child received any speech and language therapy?
No
Yes; (please notify the reason and how long it took.)
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Appendix 2:3 Picture Naming Task
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Appendix 2:4 Pseudeword Memory Span Task

a. In ZF words

Lewel Tterml
Jayllables | L4 - T8 _T T~
HY_&t-~_32T~
4 gyllables | TXT-_IFU~_Fi_—2~
T—T_NE~_HxX#H_TPT-
Seyllables | H—- _FH_TUT ~_Ox-_HF—~
F—_CXTv_Tf_3Xk~_Lxz-
6eyllables | T—v_ot__FlL~_PT_ axXl-_2E-
A _FH—45_ JT~_CH _az~_TPT-
Teyllables | ZRU_TIFT~_&H~~_ AE- _LC—T~_#%A-_ Y-
Lbv Wt Tz D AXT _MN—x%_H—-v
Beyllables | Zt~_wT - _3F T~ TJHv_4—_ 2T~ _AL
RA~_LE~_CUH_ PH~_T—7~_3XT_FX~_HT
Qayllables |CZT ~_T—T «_fH~_3—T~_H¥_¥—v_RXT-_IT~_H5-~
TUY_#Z#_dTov_HAxe_ sds_ F—#v_mH CH. #H—4H~

b. In IPA translation

Level

Iteml

3 syllables

sapd pa  xoll

Jal__tPeV_ nou

4 syllables

kPuod__xyV_ [e1_ iau

kPial_ mav_ Juel tsol

5 syllables

Jad_tsy]l pyal_ toud_tsPiV

xi1 fuad pel nav suo/

6 syllables

kPiv te1 tsPyV tso1  sopd_ pPal

led  tsPin1  peV_ fyl sod tsal

7 syllables

pPy1_xod_ theiN  Ia/_ fial  tsPoul  teial

ssnd_tiaﬂ_kho"l _ faul_lual  miul_ tsPi

8 syllables

pted  tsPo/ noul  kPeiV pyd ki1l pPand  IAg]

pPfoul_ saM_ fyl e kPiaV_ nuol  tsPud_ Jan]

9 syllables

fo\_ giod_ t{"ed nioV  Jul ki/_ p"ual_xoV_tfan/

kPyal tPad nod  tsPagV  seV niev  pPel fad tind
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Appendix 2:5a Implicit PA Tasks(Correct responses are highlighted in grey

2:5a(1). ImPA_Syllable

No | Target Optionl Option2 Option3

1 Jadfoll kPedxy\ sAg /tal t{ e/foll
2 tfellfid pPal {y/ no\fid tshyVthal
3 kPialt{ Pod | kPialtPed | tsPyeTman tua Tky
4 thedma’l ky/fol thedxil foflal
5 t€ 1san Jultfagy | tsyTnanu ni sany

6 Xotsi | neitsi | t{ Peupal tsPyuifal
7 no fa'l kPiuse\ nowitsa '\l tsPuvmy
8 teyallal teya Ixi | Juelfel mioTpPty]
9 kifthel tso/pall Jaft{ "o\ kidtsa\
10 | t] PyViau t{ Pylaed | xoVaou feVog

Tone 1,2, 3 and 4 are marked as the following symbols respectively: 1, A, v and V.

2:5a(2). ImPA_Onset

No. | Target Optionl Option2 Option3
1| laf lo/ kel Tif

2 xen prau X0 tsiv

3 theil nou | lual t7io]
4 proul pRyiY fia\ sei

5 no-J pad nesd ka

6 kel zyall khial pou'
7 teia Juel nuo | teya’l
3 mia’l mya 1 p(A lua’l

9 gyal tsus Gico k2 uif
10 tsed fod kid fso i
11 faid fyad tshol Xie
12 | tsfud ts®id thou t] "eud
13 tiyal teil tfoil tsual
14 Lo fed fal sad

15 | t] By tsal thel t] "oV
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2:5a(3). ImPA_Phoneme

No. Target Option1 Option2 Option3
P1-1 pya kREuo tha tye
P1-2 lue Juall psl nio\
P1-3 miu1 prel t§ Puol tshia 1
P1-4 |tsPyod | fuad phad lyeu
P1-5 nia thou fieu Juad
P1-6 tsus / Iaf ptuai k™ig A
P2-1 son 4 tfani kan 4 ted
p2-2 | thind sa ptan. pAN
p2-3 |tsfanV | than\ Ieny tg By
P2-4 JanT pe A1 tshin
2:5a(4). ImPA_Rime
No Target Option1 Option2 Option3
1 Jal pel tal nal
2 pa\ ta\ tshiv pEy\
3 theiV pou {eiV fau\
4 py siv teu tsPyu
5 new t{ "ou fau the
6 i/ le Jid ts"o/
7 kko7 tsol fy1 tel
8 tsy py\ ley xo\
9 t "ou ne Xiu/ o
10 kai tou/ fail/ suo/




2:5a(5). ImPA_Tone

No. Target Option 1 Option 2 Option 3
1 Jal ted sand kil

2 xe ts"a fi kPou
3 thei kbyal mua tsua 'l
4 pou' t] "ua fiand tve

5 now ma tse Iiv

& fai fual noa’l Iyed
7 kMeill tsPial pval'l ptual
8 tsa] the] lof p iy
8 kind tal prev tf o
10 t] By ts Bu d tal ke

2:5b Explicit PA Tasks(Answersare highlighted in grey.)
2:5b (1) ExPA_Syllable

No | Stimuli 1 Stimuli 2
1 Ja/foll t{elfoll
2 t{eilfid no\fi/

3 k"iaTt] Pod | kMialtPed
4 thedma’l thEAxiT

5 te 1sany ni Iseny

6 xowitsi | nedtsi |

7 now fa'l novtsa '\l

8 teyallal tevalxil
9 kidtPe kidtsa\l
10 | t§ Py Viad t§ Py Vaed
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2:5b (2) EXPA_Onset

No. | Stmuli 1 Stimuli 2
1 lal Jid

2 xend xo

3 thei t2io1
4 pRou' pRyil
5 no nes

6 kel kia'l
7 teia’ teyal
8 mia’l mya |
9 gyad gicod
10 fsed tsof
11 fait fyad
12 | ts®ud ts®iv
13 tiyal tfoil
14 fod fel
15 | tf By\ t{ o\

2:5b (3)ExPA_Phoneme

No. Stimuli 1 | Stimuli 2
P1-1 pya i tyed
P1-2 lue\ Juall
P1-3 miul tstiel
P1-4 tshyou lye
P1-5 nis. fiend
P1-6 tsus/ ptual
P2-1 son / kan/
P2-2 tRin ptandJ
P2-3 tshan\ than\
P2-4 Jan tshind
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2:5b (4) EXPA_Rime

No Stimuli 1 | Stimuli 2
1 Jal na’l

2 pa\ ta\

3 theiy {eil
4 Py tshy
5 neu thed
6 fi i/
7 kPo1l tso
8 tsty\ py\
9 t{ "ou SO
10 kai/ fai/

2:5b (5) EXPA_Tone

No. Stimuli 1 Stimuli 2
1 Jad ted

2 XE\ k"

3 theil kPyal
4 poul tye\l

5 now Jiu

6 fai fual
7 kPeil pvall
8 tsal thel
9 ki pled
10 t§ Pyl ta
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Appendix 2:6 Letter Knowledge

1 2 3 4 5 6 7 8 9 10
GI— | |WR|P|HD|F|H|MN| KL

11 12 13 14 15 16 17 18 19 20 |
TIY¥| 2| R I A\ EIR|T| &%
21 22 23 24 25 26 27 28 | 29 30
LWl BlIES LI TETIT = |- | U
31 32 33 34 35 36 37
LIBIHIIPT&l|YS|E
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Appendix 2:7 ZF ReadAccuracy Task (correct answersare marked by a circle)

2:7aTaskA
No. Drzwrmg 1 2 3

1. L*:r":" T—2~ 44X~ T—d2~ (R~ T—2 ~ AY ~

-—,‘n g
2 - -5« PL -5+ H—£ —Hv H—L
3. § w=mE N- WL N- 2=+ 1
4. wHE o N~ wHAEL s T—o BT s (=

7 .*}F

: L]
5. @ M~ LR Jx~ Wy X~ {—R~

O

6. {—~ 7% T—7%~ §%& =~ §T

L) -
1. E_' Ax~ H=—2~« AR~ T=Xx~¢ Y =R~

o) o
. =B n- -t~ 0 q= n-
9, . Y—H~ T—&~ |3—4&~ H—&~ T—&~ H—&~

%3 slj
10. ZP’S:‘E LA H-= C~ H- L n-—
11 a L §#5~ C= £%5~ ey LS«

J O
12,  |H—S~ D& H—=S~ 57~ H=5~ h

&
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2:7aTaskB

1 — |8~ T PR I T
-
2. o |FERvM4S- P L—g Fme J—2 v
=)
3. H=49 U~ Pl He H=49 1~
- O
4. oo nN&e — M4 M- Ca& C—
' O
50 ey [T—% H—% [Tl -4 T—%x~ H—4
l.“'\.._‘_u_,'-'f
S &
6 e A -~ T Feoom
1 O
1. — Haow Y M JY Mx v 9y
=
= FERE EERRE AR BH
G -
9 s [T XY S [ A-Fs TR A=Fs THY
& o
0] (2 e | AT Y—%~ |AY~ T—x» AYS T
;‘: l.)‘i' O
LS,
11. H@, wH L AT~ —E EHY —k -
‘:"llll\.\: D
12 S |Fx ome Freoow FHome
, Q
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Appendix 2:8 CH ReadAccuracy Task (correct answers markedby a circle)
2:8aTask A

T A A # #
w © m it
> ) s /)~ 7]
gt g © ”
Tole=s| F M 5
| @ 4 s O
* )5} 1, 5}
N # ¥ ¥y ©
(==
MR 7 w O
> {;; it o it i
" : o o EX
/ g O % %
) i N N
T g O i
) i B &
O
P P 1
N - o & kS
s © s, &
@ & Rl o R
F F T
2 & 7 7
s 5 g ©
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2:8b Task B

ol v e W KR W D R R TE oA kK T K
O O @) O
ST S T ) I B S S B = - SO - ST =1 S =G B 1
O O O O
S I S . S T S v B N R < " SN S S S TRt~ S-S BN 1 1
IR o B
“ml ~ o " © ] o
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Appendix 2:9 ZF Spelling Task

No | ZYFH IPA
1 yus teyen |
2 | TUL + | eyop/
3 {—41 + | telin/
4 1—5% ~ | tien\
5 H—4~ | liag\
6 UAF kuai
7 G L v | kPond
8 WAL | tfuol
9 k—#~ | thiao\
10 T ANV | tsueid

No | ZYFH IPA
11 LARES nyen’l
12 LUd 4+ | syon/
13 |T—L 4 |fin
14 | {—5~ | kienl
15 Z—4 | plian\
16 9AH puai |
17 PAL v | Jond
18 Bl AT Juo'l
19 | G—%~ |kPiaol
20 ANV | tueind
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Appendix 2:10 Schootwide Literacy Exam Sheet

2:9a Year 1 @ page$

B-oR+<uhH e e
|- i +R)

-~ :-A
L 2 O

3

)

,..A v

= { )
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Appendix 2:11 ZF Plus CH ReadingComprehension (2 pages)
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Appendix 2:12 Rapid Automatized Naming
2:12a Digit

A.

23929
54635
93852
91549
12856
85811
45932
48431
83659
28896

B

58869
29852
24651
54919
36849
49354
26892
12463
81845
29496
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Appendix 2:13 Quantitative Coding Systems of ExplicitPhonologicalAwareness

Tasks

2:13a Table of how to give scores

2 points

1 point 0

Syllable

.

Phoneme_Z

Onset

Rime

Tone

-Correct syllable with right
tone

- Distortedanswer due to
intelligibility problem

-Correct voiced consonant
-VC structure (letter name)
with correct consonant

- CV structure \ith correct
consonant and as a letter
name

-Correct letter name(ZYFH o
English) with or without the
tone

- Correct voicelessorsonant
- Distortedanswer due to
intelligibility problem

Correct vowel with or withou
the tone

Correct tone number

-Segment of correct syllable Others
- Two features different from
the target sound ataximum
- Taiwanese effect
- The most similar true word
- CV structure with correct  Others
consonant but not a letter
name
- One feature different from
the correct letter name

- One feature different from Others
the target sound ataximum

- Taiwanese effect

- The most similar true word

- Segment of correct vowel Others
- Correct vowéwith extra

nasal consonant

- One features different from

the target sound ataximum

- Taiwanese effect

- The most similar true word

- Confusion between™tone Others
and 3 tone

264



2:13b Examples of 1 pointAnswerin the Explicit PhonologicalAwarenessTasks
(1) Syllable

Item | Answer | Spectrum of answer
1 [f5] [x2].[f2].[fu]
2 [fi] [xui], [xi]
3 [k'ia] [k'ua]l, [k'a] .[teia]. [t&’ia]
4 [t'E] [t’i]. [tei]. [te]l. [p’E]. [p’ei]
5 [san] [sAy], [sin]3, [s21]
6 [tsi] [ts=]. [ts’i]1, [ti]l, [t&i]
7 [n2] [nu], [na]
8 [teva] [tsua]l, [tsua]
9 | [K] [ti]. [k*q]
10 | [t8'y] |[tsy]
JOnset
Item | Answer | Spectrum of answer
1 [z2] [1=]
3 [t'a] [p'a]. [ts’=]
4 | [p9] [pa]. [t™2]
5 [na] [ma]
7 [t&i] [ts=], [t8=]. [te'i]
8 [ma] [na]
9 [&i] [8=]. [s=]. [tei]
10 [ts5] [ts’s]. [ta=]
11 [fa] [pa]
12 [ts’5] [ts=], [t'2], [t&671]
13 | [tgs] [ts=] .[82] .[tei]. [t3’s]
14 | [gs] [s=]. [22]
15 [t8’5] [ts’s]. [t&71]
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(3)Rime

Ttem | Answer | Spectrum of answer
[2] [2]

3 [ei] [ai], [E]. [i€]

4 | [v] [i], [=].

5 | [ [ei]. [i]

6 | [l [2]: [e]. [v]

7|4 [oul, [2]

8 |yl [i]. [=] . [€]

5 |[d] [ou], [u]

10 [ai] [ei]

(4)Phoneme

Ttem | Answer | Spectrum of answer

8 |In] [m]

10 | [n] [m]
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Appendix 6:1 Performance of the speech difficulty and typical developing groups
on all measures (Significant differences are highlighted in grey)

Speech difficulty Typical group Cohen's D U p value
(N=7) (N=85)
Mean SD Mean SD
Age 6.52 0.35 6.6 0.28 -0.28

Non verbal intelligence 93 7.18 103.04 11.04 -0.93 113 0.02
Literacy (Max)
ZF LK Y1 (37) 30.57 3.6 34.46 230 -1.32 1015 0
CH_Y1 (T score) 40 6.73 SRR 18 -0.74 133 0.02
School exam Y1 (100) 82.14 72 93.75 5.8 -1.98 64.5 0
Spelling_ Y1 (20) 7 3.83 9.87 3.48 -0.82 U5 0.04
RA ZF Y1 pr(24) 7.17 2.64 9.1 33 -0.59  157.5 0.14
RA 7F Y1 po(24) 9.14 3.39 17108 3.31 -0.93 150 0.03
CH_Y2 (T score) 44.86 5.34 56.32 13.89 -0.85 132 0.02
School exam Y2 (100) 90 3 e SR -1.05 103 0
Read compr Y2 (T score) 52.43 9.78 61.15 5.24 -1.55 86.5 0
RA 7F Y2 (24) 13.43 3.87 12.66 3.22 024 2975 1
RA CH Y2 (24) 13.86 3.08 13.48 2.94 0.13 264 0.65
Place RT_Y2(sec) 59.43 18.79 64.64 17.58 0.3 220 0.25
Place _accuracy_Y2(20) 16 2.38 16.21 2.44 -0.09  263.5 0.61
Form_RT_Y2(sec) 45.57 9.95 53.76 1.8 -0.77 239 0.39
Form _accuracy_Y2(20) 17.86 3.13 18.42 2.35 -0.23 275 0.74
Phonological awareness (Max)
IPA S Y1 (10) 8.29 1.38 8.27 1.59 0.01 27 0.83
IPA P Y1 (10) 4.14 2.04 4.52 1.69 -0.22 2375 0.44
IPA_O_Y1(15) 7.43 1.62 8.83 3.18 -0.45  163.5 0.06
TPA R Y1 (10) 5:71 1.6 6.45 2.27 -0.33 2055 0.21
IPA T Y1 (10) 4 2.2 4.61 2.62 -0.24 2385 0.46
EPA S Y1 (20) 13.43 4.65 15.85 2.84 -0.81 180.5 0.09
EPA P Y1 (20) A3 1.97 5.9 42 -0.87 1195 0.03
EPA O Y1 (30) 543 7.07 14.74 9.85 -0.97 126 0.01
EPA_R Y1 (20) 8.86 5.55 11.6 6.31 -0.44  200.5 0.16
EPA T Y1 (20) 8.57 6.21 11.54 5.79 -0.51 174 0.07
IPA S Y2 (10) 9.57 0.79 9.06 1.24 042 22835 0.27
IPA P Y2 (10) 3.86 1.46 4.81 1.66 -0.58 1945 0.12
IPA O Y2 (15) 9.29 21l 11.64 2.63 -0.91 142.5 0.02
IPA R Y2(10) 5.86 2.27 7.74 1.6 -1.14 152 0.03
IPA T Y2 (10) 6.86 1.35 7.4 1.81 -0.3 2205 0.25
EPA_S Y2(20) 17.86 0.9 17.84 1.5 0.01 269 0.66
EPA P Y2 (20) 8 4.32 9.28 4.52 -0.29 260 0.58
EPA O Y2 (30) 15.43 7.35 2.04 6.98 -0.66 184 0.09
EPA R Y2 (20) 10.57 55 15.68 5920 -0.98 147 0.03
EPA T Y2 (20) 17.29 1.6 17.11 257 0.07 2715 0.7
Rapid Automatised Naming (Sec)
RAN Digit Y1 44.29 19.29 36.84 11.41 0.62 233 0.39
RAN Ob; Y1 70.07 21.93 59.07 16.64 0.65 2025 0.18
RAN Digit Y2 36.57 15.64 30.89 8.43 0.63 239 0.41
RAN_Obj_Y2 61.07 17.3 524 11.75 0.71  206.5 0.19
RAN ZF Y2 48.57 16.54 39.14 8.2 1.05 1965 0.16
RAN CH Y2 37.5 1.29 33.97 7.14 048 2075 0.2
Spoken Language skills (Max)
Semantic_fluency 12 2.94 13.26 4.58 -0.28 23635 0.47
Mem span 9.71 4.54 11.46 4.48 -0.39 246 0.43
Auditory_memory 35 1.63 9.98 RS -1.05 94.5 0.01
vocabulary 109 7.14 112.58 7.54 -0.48 2125 0.24




Appendix 6:2 Performance of the poor and average ZF reading groups

on all measures (Significant differences are highlighted in grey)

R ZF 10 G Poor group Average group Cohen's D u p Value
(N=16) (N=25)

Mean SD Mean SD
Age 6.65 0.27 6.53 0.29 -04 1535 0.21
Non-verbal intelligence 96.31 9.68 104.04 12.07 0.7 126 0.07
Literacy (Max)
ZF 1K Y1 (37) SRLI1E] 3.9 34.92 1.93 099 1035 0.01
CH Y1 (T score) 44.73 25.48 49.5 14.46 025 1415 0.47
School exam Y1 (100) 88.44 8.36 93.16 5.16 0.73 110 0.02
Spelling_Y1 (20) 7.88 3.24 10.36 4.43 0.63 1095 0.02
RA 7F Y1 pr(24) 6.67 PAG D 9.28 3.18 0.86 1085 0.03
RA 7F Y1 po(24) 9.63 P05 12.16 359 0.89 107 0.01
CH_Y?2 (T score) 50.38 14.64 54.2 13.32 1.04 1645 0.34
School exam_Y2 (100) 94.56 4.16 94.84 4.4 0.07 186 0.71
Read compr Y2 (T score) 59.13 7.88 61.04 4.25 0.33 187.5 0.73
RA CH Y2 (24) 10.69 2.82 1552 2.16 0.28 97.5 0.01
Place RT Y2(sec) 67.06 24.79 67.96 18.15 0.04 178 0.56
Place _accuracy Y2(20) 16.25 1.61 15.84 3.02 -0.16  193.5 0.86
Form RT Y2(sec) 58.75 12.21 55.48 12 -0.27 167 0.38
Form _accuracy_Y2(20) 18.75 1.34 18.12 2.64 -029  193.5 0.86
Phonological awareness (Max)
IPA_S_ Y1 (10) §.31 1.66 8.56 1.39 0.17 189 0.76
IPA P Y1 (10) S 1.26 4 .55 -0.7 1135 0.02
IPA O Y1 (15) 9.06 2.02 8.61 3.33 -0.16 181 0.93
IPA_R_Y1 (10) 5.63 2.31 6.88 1.86 0.62 1295 0.05
TPA T Y1 (10) 31k 2.34 5212 25 0.91 104 0.01
EPA S Y1 (20) 14.63 4.54 16.44 2.08 0.56 151 0.18
EPA P Y1 (20) 4.75 3.99 5.28 3.26 0.15 180 0.59
EPA_O_Y1 (30) 10.38 9.18 14.96 10.93 045 1555 0.23
EPA R Y1 (20) L7 6.86 12.64 6.24 0.76 117 0.03
EPA T Y1(20) 6.56 6.42 13.8 ZL7E 1.48 69.5 0
IPA S Y2 (10) 9.31 1.08 9.12 1.42 -0.15 192 0.81
IPA_P Y2 (10) 4.13 1.93 4.92 1.41 0.49 152 0.19
IPA O Y2 (15) 10.69 2.65 11.68 2.17 042 1475 0.16
IPA R Y2 (10) 6.75 1.39 8.12 1.64 0.9 106.5 0.01
IPA T Y2(10) 6.75 1.77 7.36 1.98 0.33 156 0.23
EPA_ S _Y2(20) 18.06 1.06 17.8 1.38 -0.21 178.5 0.55
EPA P Y2 (20) 7.75 4.06 9.32 4.03 0.39 145 0.14
EPA O Y2 (30) 16.81 8.39 19.88 7.85 0.39 150 0.18
EPA R Y2 (20) 11.25 6.22 16.4 4.59 0.99 98 0.01
EPA T Y2 (20) 15.69 3.55 17.84 1.46 0.88 134 0.07
Rapid Automatised Naming (Sec)
RAN Digit Y1 42.03 12.63 36.92 11.58 -0.43 128 0.1
RAN _Obj_Y1 61.81 20.61 60.22 17.87 -0.09 198 0.96
RAN Digit Y2 34 7.73 33.86 10.67 -0.01 181.5 0.87
RAN Obj Y2 57.1 12.02 55.18 13.35 -0.15 1635 0.5
RAN ZF Y2 42.8 6.3 41.52 10.48 -0.14 154 0.35
RAN CH Y2 38 5.82 34.98 8.6 -0.4 1285 0.1
Spoken Language skills (Max)
Semantic fluency Y1 11.56 3.69 14.13 3.63 0.71 125.5 0.07
Vocabulary Y1(T-score) 110.53 8.78 114.76 6.22 0.59 138.5 0.17
Auditory_memory Y1(17) 8.56 2.5 9.8 2.86 0.46 156 23
Picture Naming_Y1 (30) 28.5 1.32 27.36 3.17 -0.44  167.5 0.37
Mem span Y2 10.75 4.67 10.88 4,73 0.03 194.5 0.88
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Appendix 6:3 Performance of the poor and average CH reading groups

on all measures (Significant differences are highghted in grey)

R CH_ 10 G Poor group Average group (N=25) Cohen's D U p Value
(N=12)

Mean SD Mean SD
Age 6.52 0.32 6.66 0.27 6.66  111.5 0.21
Non-verbal intelligence 95.75 9.98 101.08 9.16 101.08 101 0.15
Literacy (Max)
ZF LK Y1 (37) 33.08 3.7 34.67 2.28 34.67 1075 0.21
CH_Y (T score) 31 14.76 51.83 13.86 51.83 333 0
School exam Y1 (100) 86.5 10.12 93.12 5.82 QRN 81 0.02
Spelling_Y1 (20) 7.83 4.84 9.92 3.62 9.92 117 0.28
RA 7ZF Y1 pr(24) 31 2.81 9.16 ST 9.16 ks 0.01
RA 7ZF Y1 po (24) 10.25 3.19 12.44 2.9 12.44 76 0.02
CH_Y2 (T score) 40.42 6.67 54.44 10.06 54.44 28 0
School exam_Y?2 (100) 93.67 5.03 94.8 3.88 94.8 134.5 0.61
Read compr Y2 (T score) 54.92 11.33 60.92 4.3 6.92 111.5 0.2
RA 7F Y2 (24) 9.08 3.06 12.76 291 12.76 53 0
Place_RT_Y2(sec) 73 2521 64.28 14.47 64.28 120.5 0.34
Place accuracy Y2(20) 16 2.27 15.48 2.77 15.48 122 0.36
Form_RT_Y2(sec) 58 12.85 51.76 10.51 51.76  116.5 0.28
Form _accuracy Y2(20) 19 1.62 18.4 2.31 18.4 136 0.63
Phonological awareness (Max)
IPA_S Y1 (10) 8.92 1.24 8.33 1.63 8.33 114.5 0.3
IPA P Y1 (10) 3.83 0.94 4.63 1.56 4.63 96 0.1
IPA_O_Y1(15) 8.92 1.98 8.87 3.06 8.87 1245 0.63
IPA R Y1 (10) 6.08 2.39 6.58 1.82 6.58 131 0.66
IPA T Y1 (10) RS 2.47 5.42 2.45 542 825 0.04
EPA_S Y1 (20) 14.67 4.19 16.08 2 16.08 127.5 0.46
EPA P Y1 (20) 4.55 347 4.56 3.08 456 136.5 0.97
EPA_O_Y1 (30) 12.58 10.64 13.64 9.66 13.64 1405 0.76
EPA R Y1 (20) 10.67 6.61 104 5.66 1.4 1385 0.71
EPA T _Y1(20) 8.5 7.33 12.16 4.94 12.16 106 0.15
IPA S Y2(10) 9.33 1.07 9.12 0.93 9.12 125 0.38
IPA_P Y2 (10) 4.08 1.62 4.8 1.22 4.8 113 0.22
IPA O Y2(15) 10.33 3.03 11.2 2.36 11.2 112 0.21
IPA R Y2(10) 7.17 2.04 7.32 1.86 7.32 146.5 0.91
IPA_ T Y2(10) 7.08 1.98 7.24 1.94 7.24  141.5 0.78
EPA S Y2 (20) 18.33 0.49 17.8 1.47 17.8 120 0.3
EPA P Y2 (20) 8.5 491 §.12 4.11 §.12 144.5 0.86
EPA O Y2 (30) 19.92 7.55 19.32 7.95 19.32 142 0.79
EPA R Y2 (20) 13.83 5.08 14.32 5.96 14.32 136 0.65
EPA T Y2 (20) 17.08 2.02 16.8 2.27 16.8 139 0.72
Rapid Automatised Naming (Sec)
RAN Digit Y1 47.17 14.02 36.82 077 36.82 70.5 0.01
RAN Obj Y1 68.38 21.06 57.22 15.3 57.22 93 0.06
RAN Digit Y2 38.95 10.66 30.46 8.13 3.46 68.5 0.02
RAN Obj Y2 60.27 14.9 50.12 12.04 5.12 835 0.06
RAN 7ZF Y2 43.68 8.66 38.44 9.62 38.44 85 0.07
RAN CH Y2 39.82 6.34 32.36 6.77 3236 58 0.01
Spoken Language skills (Max)
Semantic fluency Y1 12 3.57 13.12 5.46 13.12 145 0.87
Vocabulary Y 1(T-score) 108.5 9.45 112.28 7.41 112.28 104 0.13
Auditory_memory Y1(17) 9 2.1 10.32 2.56 1.32 94.5 0.07
Picture Naming Y1 (30) 25 6.58 27.56 3.15 27.56 111 0.2
Mem_span Y2 11 5.49 11.92 4.49 11.92 129.5 0.49
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Appendix 6:4 Performance of the poor and average reading comprehension
groups on all measures (Significant differences are highlighted in grey)
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